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PREFACE 


rtiis (."difion, like the pncsiouH oiteSp to presipnt. in one volt tine the 
fundiimentiilK stf the variotiM .huImJivisioiis of eivil eni^inet'ring in Hxu^h rt 
nmliner thfiL ^niilniitos and preclbitig ejigint.*!‘rH will fimJ it exiretndy ii^’^ 
fnl H'hen confront lhI with problems outride of their spceiaiiaod field. In 
this edition each section has l:>een critically m'ieweil and revii^cd wherever 
possible to Lncrciisc ita eSectivetteayj. 

In the section on simT^nnKp the subject of photogrammet ric surveying 
hua liccn considerably expancled, and revisions Lave Ijeen made in the sub¬ 
jects of precision, errors, levelmg, trknj^nlaTion^ land suneying, map draft- 
mg, and const met inn stir^ eydng. 

In the section on niLlwa^Vt highway'* and airport eugineerUijg, new mate¬ 
rial bus lieen added on aerial photogrammetric route surveys^ raiJivay sig¬ 
naling, and raihvay motive poner and tonnage rating, llie text on high* 
way engirrccrirg has been extensively rewritten, i>articiilarly the portions 
pertuining to iuteriidate tiighAVay system rcquirenients, troffic and pkntiuig 
surveys, interst^ction dcsiEign, grade separations, flexible pavement licsign 
bituminous pavemout mixes, and concrete pav ement design and construe-’ 
tion. Stalislics and cost data have bct^ii brought up tu date. The section 
on airports include^ new material on rimwa^' configurations, soils ebs^ibca- 
tionSp pavement design, ain>ort terminals, and heliports. 

The setdion on liydraulics has been modemiEcd in respect to the portions 
dealing ^vjtii ( be flow in pipes, the flow thrmigh orifices, flow over stihiuergwl 
\i-eire, and the fii>w through culverts, ami additional numerical examples 
^ have been added. 

The section on stresses iias [jeen comf^letely rexvritten with less attention 
given to ndlrcmd slniciiiri.=s and mure to cotitiniioiis licams and frumes, 
xvitb the material on the various methods of stress analysis ampliBcs;! and 
cxtcndrNl. The weenun on atc^l construction has liad ailditionul material 
addeil on ivekleil slruclure*s. 

The section on rone rote introduces new material oti the reproportieming 
of mixtures fcjrair entraitiniejit and dlseusaes adilitious and admixtures at 
greater kaigth ami the effect of various substances on oonerete, while that 
on reinforced coDcrctc has Iwn entirely rewritten and expanded to provide 
mure ilesigu aids for the readiT's tise. 
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The section on foitnclmions haa been brmii^t up to date nvilh the intrn- 
(luctioD of some mat ten which did not apjiear of wen? very briefly tnwte^l 
in the provicHLs edition. 

The section on sewerage has been moflernized with n'gurrl to esttiirtating 
population growths, the improved processes and efficiencies in aeration and 
sewage trealment, the progress in the aetivated sludge process, and the 
increasing Kise of chlorine amind the disposal plant. 

The section on water supply has been entirely rewritten anci brought up 
to date with numy new illustrations added. 
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81 RVEYING 

By Haymonu E. Davis 


&Sff£RAl 

Tbe Etftii. The? cirth in an ephLifoiil nf rrvdqtion, the length of it« pokr iucid 

bolng ahtJUt ?aaT of iiit equatorial a-^ 



Polar 
axisp ft 

hk|Uatt:pHal 
imSp ft 

Clarke (Ifi 
tlayfiipnl ( 
Adopted h 
phyjRirai 

^tfcV), u*.»d in puhlic-land surveys 

IVlOtl). ... . 

iv lutermdionjil GeoJede and Cioo- 
"Uniun t 

41.710,242 

41,711,1120 

41,711,040 

HI,S52.I2H 

tJpft62,3<k) 

tl,S52p860 



Units of Measiu^nsent. In nil EixKUnli-?pt.4iking counSrira ik- CiummoD unit* of JinAiy 
nuL-iyiureiiieTit are thi' ycjT^^/fw^p lual fhi tami unrvejT* in the*? ^Huuntries, tfktiiiieii* 
an? me^a*ijrcd in fet, tottth/, ami SnnilrL-tlth*: and Hirveyor'a Espe# an? ufually graduated 
in the*? tudlii. Ttu* auni^^r'J^ rh^in, tin? ujiil al k?nj^th for piiblic-lanJ surv^ymg, b 66 ft 
long and k divided folo 100 links ea^:b 7 .92 in- lung. 

Many uthirr civilised count Tit's employ the mrf<T os the unit of Jeugth: 1 m » 39.37 
in. - 3.2S0^! ft yd. The mett^r in the unit of lengtii employed by ihe U.S. 

Cowt and Ge£xlt!tie Hurvi^y. TJu? mfa k a -Hpankh unit of rm^re used in Mexico and 
H-yeral other cuuniries fldlinjf under i*riy S!?pamsh iiifliu.-uee: 1 var* = 32.993 in. 
(Mexico, 33 tn. (Califomia), or 33fit m. tTexwt). 

In the Uniteii the uidl* of area mmmunly uft«i are the sqmr^ foU and the 

fnnmrly the irffUrtw rad and the Gunirr^* fMin wem &]m used: 1 acn' - 

i3p560 *q It » too sq rotk - 10 sq Cliinterk chpJnf. 

The unit* uf votumetric mi^asureineiit arc the evhi^fooi ainJ tln^ mbir ttarti. 

Cart of [nstniai^ats. In lijthtcninii the various clamp Bcmwtf, aJjuBting screw*, amJ 
leveling acrewR, KrinK them only to a firm brari^. Thf ^mmit itndi^fictf it to ii^hlan 
IftisiM AtrtfTMftir mure thm nerei^mnf. S^urh jfc practice may atrip rhe thread?, twkt off tW 
screw, ta-nd the cotuicelinjE iiarta, nr plact' Tindijc- Ktreasea in the tn*tnjmcnt Mi that the 
setting niav not bt^ stahlo. 

Remove gni from expo*^ inovahlu part* such a* the Thread* tangi-M screw* by 
wiping them with nu oik'll mg. If the rhrewk or slides work Imrd. cl™ ihcna in gasoline 
and oil lightly. Uso rm ahrassves- 

Use onlv the biat quality of cluck or waicli oil. Oil BpaHiigly^ and wipe off thu exmm 
oil. In edd wi^athtTp it may h*' ueec^P^^ to gmphite for lubricration. 
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Ki.'VL'ircuh f hf' or i\h* vyi^jHiirv irf b U‘fcert?<ipL‘ wHh tlw fiiiKiera or with a rnujch 

rEotb. Vmr tk cajiu-IVhiur lo reniDVt' iliut, or um- ck^n ptuLMDis or lint-free wft 

cluLli if tho liiiFt Ir CAked or dAmp- OccatfiQtiJLLIy thi.-> lE^tinMit may be cIobjiixJ wit h a mixture 
of ertiial pafL?i of alixdiol And wbUu-. Kivjj uil oFT k 3^ lr£kA5B. 

If thii tt 2 vol viaJ IteecBte* it ran tw* wit li pljtttcr of fiarii?:, or tij^ht ly 

with utripe of paper or with lootlipick:'- 

Brokeii halrR caa be replaced in ibc field- ThroBJckf from oniinary^ sjpicW avfc# 
MV too ruuisK dirty for uh* aa Ercws hflim. Tbj ht-at apiEkir thj^nuJ Ls ffi-sahjy 

Rpuii from A 3iiyi.il spider, but eonunooly tbi.': thrva^l from a rssctxari—prvfemljJy a hiown 
etM!ooii —h itHwi- If the ihrea^J is rt retched ipo tii^btly it will tirvak eiwily; if it» luasi*, 
il will sAg iit wet wi-atber. The thread w hAndted by meMyt of a pair of dividend or b 
forked Jrtieii- It wetted, ^trvlchini modi^rAtely, and hekl at eundy in position oh ibt". 
tiutrki' tif tfu? rftws-hiiir ring whik* a drop of shfllae pUvoed od each end and Wft to diy-. 

Ttfc cro^hair riti|£ Li removed from the Inbe a>= fullow^i: Tw'o oppoi^ite cap^an-beadiHl 
rerews ft^masvrd, ufiil tlu- ring in mratt'd 90' about the Teiimlning two wrews by meaiys 
of A tJidnted fltsck inserted thnnagh the end of I he tflewopts The itiek then Inierti^^f 
in B jMtrt-w hoU':, ikn remidiLing screws ari: taken i>ut.^ and the nt]^ k withdmwH withknit 
thinuige. Tbi' opyratioui of replacing the crtrss-lnur ring are m the revere order of 
lh^h^L^ emplnj'ed m n^rnoving it. 

Tht- adi mating pin i^hould fit ilw hole in ihv capstan head. If the pin us ton jiniaU^ the 
hi-iuJ of thii iscfew 13 iooii ruini'd- 

Preferably make ati just men bs wiih the iiuktrumL'iiL in the shade. 

In onler do up n inpc which w not wuurKl oti a twI, the dmiuman take# tlie Kcro 
etld ilt the lefl band, ami—allnw'ing the tape lo Mbiie |o>o^ly thrciugh the right lialiil— 

ystylhdi bhi amiii. Aa thi* mark li reached, hu^ 
it with the right hamJ. He brings the handis t<iei'lheT 
and layi^ the ^ft mark in tbe fingers of the kift hand 
w'ithout penult ting the tape to turn ovi^r, tbun fiirtulng 
a figure ^ Ho grasps this lixip with the left hand, Bgidii 
extends the; arms for am^tbyr 5-ft length, kyi* the JO-ft 
nuirk on tup of ihe 5-ft murk; and ^ on. When the last 
nmrk of ibi=: (app h rpacbLMfh he tijui ibs hiop tightly wbeiv 
ihf tmi and lutil inarJw come Uigtuher^ by ou-ans of t lie 
ruvvhkle thungs. fly theii grasps One stde the loop ut 
the enwiog of the figure 8 with obe hand^ and the Either 
side of thu loop at the ercfc^ing with thi- other liand. 
Finally he the loop in such a nianner that it vntl 

ho thrown into droular fonn, with ilianu-ter (at^oul Itl 
in.j half that of lly? loop, 

Vemicra. A VE-rniiT i Fig- 1) is a short auxiliary- scak? 
plact.'^l puralti'l and in etintact with the liiabi rtcole, by 
means Elf which fractional parts of tbu least divbston of the 
nnuih can la- rm-asurtnl pn cij^ely. The scale may be 
eitluT HtrtuKhf (ah on a level! tbg rodj or ciirvtd (a# on the 
boriannLal and vi^rtical cirek'S of a transit). The aerci of 
the vemier scale is Lhe index fur the maJn HcaJe, 

Ttijr f™i nnwhf, or hnfueag of reading, uf a vernier is is^ual to ibR dtHerencu in length 
between one scaIc space and c^iie vernier Space. Furtb.^r, the nunilM'r a of apaciAH wt the 
vernier k equal to thi’ numta-r uF equal part-H into whii h ueu^ ^ on the main scale 
can Ur Hubcli^'iih^ by n-Mting the vnnin r. It fullovrs tliat iby h-iurt caunt is s/n. 

Verniers nriHif IwEilypt^" tb« | | vi rnk'f whieb lias f*paces slighi^^^ Ihmgv^j 
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Kiii, S . (a) Direct vcmb'r. 
(hj Iklmgradn varnicr. 
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lliam those (if thr KUiiii a^h\ it oti lha vi!rnii;r Krv (HqujiJ In to |^ _|_ ^ J 

si:|MtTi on dio main Efcale. Ths^ tifts of the two t>TieJi w id^'nticiiJ. Hrid they are eqtiaLIy 
MMiHitive and i^nally td fead^ 

PredfiLon of Measurements and Computiitioiis^ An definid by the Anufricaii !S<M?k't>' 
of Ciifjl Eni^ruH'^T, Heeurary to the truth” whereas prtseLdon is rif 

finerk'jw <if nndini^ in a Tni^A-^n^na'nt, or. the numtior of pittoe» to which a ^amputation is 
carrij'd-" Am by tbi’ VM. CfAwt and Gecidetie ?^om=!y+ aecunwiy \b '"desroe of 

rnnfonnity wHh a Hiandaor" whi-n^aN pri'iiMioii in "deprue of refinement in the per- 
formaiici- of an operation or In ttw stalenu^nt of a re-i«iitL" 
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Angles ^ 

Fin. *2r itati(Ji» of precinpod for fififtn luirl i:!OsLn<'fl. 


It id the dmy of the surveyor to maintain a dvgree of prticisidri as hij^h sa In justified 
liy the purpOM.^ of tbf particuhir imrvey^ but not higher. I t k cominHn praetppc to fix 
the ptumbtsible error of Itra^ i»Dai?uivnient, Aj far as pmeticahSe, the precvrlon of 
uiiitk^a ehould be comiHrtent wiih the precKtion of rclati^ dLstanei'S. A eubsidteiit relation 
between anjtlee and dbtlineiai will bv lUHinlaiqilHl if the tfiJiipfUr or sitle of the ulloWidde 
error in angles equals the atlow'fthle error, expri’tsiH'd as a mtiOj in thi' difltanees. The 
ratio betwivn linear and angular error ran bi^ tletermini'd by miiple lrigonometF>% e.g., 
at I hCXIIJ ft an error of DJ^ in angle ■pom'ispeJitls le a lineiir emir of 0-3^ ft. 

The eun'es of Figs. 2 anrl 3 show the ratios of precLrion corresponding to varioiis 
angular enora from. M' to 01^ For sinetf, eoalnns, tangent^ and cotangents. For the 
fujiction under coiwidcfatioti, thi^mi curvi-it maj' be imd to determine the ratio of pre- 
ciflion oorrcfiponding to a given lingular error and angle, or to dctermini' the maKiuiujii or 
mimmum angle that for a given anKillaj- error will fumUh the required mtin of piecisjon, 
or to determine the precision with which angh^s of a given Mao rnn.-^t bo im^ftsured to main- 
Inin « Tt'quin-Hj ratio of pn^'isisin in iNiniputationif. 


































































SCilVEViVCi 


MrAnumrl quaiititipj itat anc| tbo iiiimt>iT ol di|ptA thAt haw mtwun^ U 

sirictly hy tb^ iHn^dlBiori willi whirb tb- mi-iysurt-mi^nt btwn macli.^ In ml- 
ti’ubitjoim m%'olviii* multiplicAtkta or diviMflii, ihe pnt'cMon b gjoviTiied by l.hv nuiiib f 
nF *igiiijfmnl in RrldilioTi or J'ublmclioii, by ihv nmaber of d^amiU jdam. \ 

product cannnt properly haw a (Sfni?ftiej- numt^icr of jiiipiificaTit Itgiiw ihan thfwe in its 



Flf>- Ttntiwi of pr^»4oii if or and mcacijocAiJ!^ 


Wflflt factor; and a mm canDOl properly hnVi^ a jen'atcr numLer of dt'CjfiiaS plun-i- 

ttmn llioM* In the precise number being added, tn coEnpytalioiiF it is advisable ii> 
carry vui inlemtedtale rt'^Fulta to one fiKtiti- or dt^inud place mote than thal 
det^ifi^ in the firmi refill, bul it is ujM!:leae and tiniLM^oiisqming to employ moro than our. 

ERRORS 

SoiLTees of Error, [n meaaurPTneniii of fl^nrveying, i>i:ilruninitcrf orofjr ariHc from 
imperfections or faulty adjuatniftni ol tbe devices with which mi-a^uroments an* faki'o: 
psTJinirnf trrors wciir Ihrnu^h the nb<crver> Inability to rrjad the instniim-nis osactlyj 
anil nufififuf errera Hjcrnr from viirifttinnjt in the phenonorrak of natun^ such aft uitnptiratan^, 
humidity, wind^ gravity, reifractkin, and magnetic declination. 

Kinds of liTor+ A miitiak^ ir an unintentionaJ fault of conduct arising from j.Kior 
jndgmimt or from confusion in the minii of the observer. Mistakes have no place in a 
di^euf^^^on of the Theory nf errura. They are detected imiJ eliminatetl by cbeekanR all 
work. 

Tile renwffonl errew is the diffiimttce b^twirn ft Uli.-asurel3lent nml llh' true Value. It 
is made uji of indhiduid errors from a variiuy nf sou rocs. 

A dwia'epnncy is the diffcnmcc bettt'oen twn nw&surements of the same quantity. 

A a^Alemutk fTTOf w nut' tfkal, SO Juisg u cot].iiltion.s n^maiu unchangedI. nlwnys hiH ibi' 
Sami'! magnitudE^ and llie Batoe uigebraic Mgii (which may be eitla«r positive or nt'gtttiveh 
If eonditiomi do not ehangt^ during a series of nmasim-menta, the I'imr is termed a ntt- 
jdant systematic error] c.g., a line may be mrasurefl with ft tape ihnt Is ti^n short. If 
condjtLQnF ehaiigc, resulting in correspuniling ehangrm in the xiuiitnllude nf the errur^ it 
is tenned a Ktrfud^ systematic error] e.g., a iLoe may be chained during a period in which 
thf tempetrature vane?. A sj-stemntic error always follows mim dehnite mathemeiHcal 
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or phymrftl law, and a coirerlicni am d^tormirwl iiiid Applii^, Tfw error may b<‘ 
itaitrujnentAl, pemcrtial, or naluriit. Thi- total terror m ikny jpvTii lumber of 

tticflimri nientrt is tbi^ al|;K^hrA^^ of the irMtivifiiiaJ of thi^ mFlEviduaJ measure- 

tPffUU. 

An uccidtftial rrrur Is an orfiar dtje to a comhinATinn of €aum.'i= tseyoini (he ability of the 
idjsH.T\-er lo coDtrol ami for w hich tl Lt* inipo^ibb to nitike corrertion; for each obiserva- 
lion, the jpa^nifudi^ aiiJ alg)i 4 nirme n\^v oF the Aecidcntid error are nuitteT^ of rbaooe and 
henec awmot be eojnputo^i as am tJu^ miiKiiittuJe and alj^ebraic REgri of a pyitemattc error. 
However aoeidi^atal emire taken ndlecliv'ely obey the Saw of proSmhility. fcficetf each 
aceidental error is Jir likely To be pti-diive a* neftative, a eertaiii vuiiipecL^ative efTcel 
rsurtu; and ardHi^ntal ifrrtirjt an- wFTfieiinu'it caJW ‘^efuapffEiaariUjg'" erron?. Areidental 
errors are alfK) termtNj or ^'errmtic'' efroiA. As an example of the oectinrento 

of an aeeidental error^ in ckkniiig it i? irapor^^blp To set lbi‘ chaining pin exactly at the 
ptt>piir graduation on iKe Eapt^ AecictenuU errors remuin after niistakej^ have Ix-eti 
eiiniinat«i by ebetklng and HVsjteniatie Imvf Iweti i^imlnAk'ti by corteclionr Ae- 

Riijrllng to the mat hemal kal tbeoiy of protiaSitlity, Mneidtutal errors tend to inen^aHe 
in propFui ion to the ayuare root ut the number of nj^porlujiiLieiJ for error. 

In geneffth the inon^ reftned the nw-thods uicd^ ih^ jumSIer the sy^^lrmatie errors as 
compared with the aecidenlal errota- 

If the dUerepttney between a ebeek mea^uiemcnt and the urigitkat measurement is 
$inaSk it 10 an radieation that no mistake^ have been nmdi^ and itiaE the aceklental errors 
are small, but it i# not an indieatinn that the sy&tematie errots ah' small. 

Probable Valuer If mTsiematSe errurd an- no far eUndnaieiJ as to la' a negligible factor^ 
the iwwJ itlluf h lhi> adju^^nl value of ft ctuantSty thul, aecordlng to the prin- 

ciplea of loaBt i<|uanL\^ hiss more chan«»i^ of being corroeT than has any other. 

For a series of mea5uremi'tits of the saim- i^iiantity nuule under ideiiticfLl eonditiDtis^ 
the mn?ft probablL'- value the nii''an of the mea.'njrenietits. 

Forn^lati'd tnEasun-nu^ntA (taken under ideutJcal roiKhtions) I lie sum of which Fhf>uld 
equal A ^nglc! paaiBureiUii-nt takeiii under the- same cuiiditiuns, the niii>st prohRble vahM-s 
of tiwi iwveral n-luted quantitU^ and of thi' mt^ftpurnd sum ati‘ 4 i}itainetl by dividing the 
itUierepHuey eqoAllv ajnting all the nieAsuretiunt*' ineltiLiing tiv* jum-. If the fiorrt*ction. 
w added tfi etu'h of the lelnti.’d nieasurenjents, it hn nubt mcteii from the mea^unMnent rep- 
T«tfinting their sum. and view vi^tsa. 

Frobabk Error of s Single Measured Quuidty. If all systematie errors ait aflFunM^I 
to hftve been eHminated from a givi'n toL-osurenw'iil, ihi^ni- y left an aceidcniat error 
whieh can be neit her ellminAted nor exact ly dotermineil. 

PnMbit error Is a plus or mimis qurtniity within whieh limiLs the actuaJ aeeiLleiilal 
error i* as likely m not to fall, it is an imlication of pceeiHon tmd docj^ not iignify eithi-r 
the actual error nr the error likely to occur- 

When a w Hefl nf nbsc-rvAtiniw of a .^ngte quftfitlty is made imdcr uniform eonditiotiSi 
and in Fueh maniu-r as to eliiidnjite ^lyjrtemfltlf: errors, the nu'Aii of the series is I he mml 
probable value. For the purpiwie of ilelermining I he probAlile i-rn>r this m^^n value Is 
mfttbcmaticaSly n-gmrded as Ijeing the tnost likely value (laM.'d on this series of observa- 
Tiona), fti^d the iMerenee Ix^lw^-rk each of the iiidividuAl meadurement^ imi\ the mean 
value 10 ik lermimsl- Thcflc differs nnjri are tt rimNi residuah or deviali^nM. 

The probable i-rfor of a n'lrtff-p ftburptiHon Is cakutaii'd by the exprcafiinn 
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in which IV i» tbu turn of thi- s«ni«r.?s of th.) m.itluiils. miii » \6 the numher of ubierv-a- 

tiom>. 


IS 


HlfliVKVIN'G 


Tabi.k 1. iVtifTiiuim or \{ie-vAuajK<] DitfTANCE 


NTeihod 

tlsuul precbdrio 

Vf^> 

Inslniiivi'fK Fur 
n^f-romring aiigli^ 
uilh 

;f|MiuEUng pnv'iKmii 

Pacing 

i/ion- i/ 2 i» 

Itc-^'eniiahisancc^ :?rmitil-^ale 
mapping; ch^H^kiiig tape 
niej^renicnts 

tfnnd romivt^: 
IK^pdghi 
aUJndc 

^Lodiu 

1'300-1/1,000 

Loeatian uf details for 
mapping: rou^ trav- 
elieokiug 

precise nkmaun^ments 

Traiutil: telc^'opic 
alidade nf phint^ 
tnble^ fcl'urveyor■^• 
i:umpE]i&^ 

f >rdinar^' 
■Staining 

I/I,1XX)-1/S,CICI0 

Travetsea fnr land surveys 
and for ponlrot of route 
and topngrapLio Kur\-ejTsj 
ordimuy' coaijrt ruction 

Work 

Trjuwjt (angles 
iloLihleHl) 

Precision 

chaitiLiig 

1/10,0(X>-1/30,000 

Trav-ersK! for city Butveyfl; 
base lines for triangula- 
tioo of Inti^jmcdlate pn.v 
cL-^on;. precise conatrtie- 
tiori work 

Transit (ongkts by 
n>pt»til|ai0 

Bowline 

ment 

1/J50,000-1^^1,000,000 

1 

Tri^gularinn of high pre- 
cijdon for large areos^ city 
j^iirveyw, or loug hndgep 
and tuiinclij 

lle|a^ating theixlo- 
hte; direct lull 
instruim^ril 


''jrturk" nr ‘'ft 31 tbe rtur rlmiiujuiii the tapt% thi^ bml rhuiinniiii mavv^ 

fon*'Jircl tt? and mf tht* pttMx^ « ruptratf^il, Ae ihe tvar rhammati bavijs earh 

intormHliatf pnint, pullji ihfl pin. Thus ihvm k tAw&yv qm- pin in tht- priund, anti tb? 
nipTibiHr of pin* held by thi* rear ehiunnmii at any Urn! Indicat csi tbq rnimber of huiidn^ 
□f feet, or from tb pdnt of beginning to the* pin in. groundr 

Haritontal Measnrein-eqta oirer UncTea or Sloping Ground. The TneasuromentH am 
rarri+'d Fon^ard by hniding the tape horkontaJ, and ihe pltmh iinc is ustd by tsither 
t'hainnian« or at time^ by both cbainmorL^ for project ijig from ta[jc to pin, or vttu 

IfVhere the i«iope ii Jesa than 5 or 6 ft in 100, ttn? head ehuLhinani advances a full tape 
iengtb at a dine, an^i pini* an^ eel by him and co|li>cte<! by Lho mar ehainioan os described 
in the preceding onicler 

IMjere the course la steeper ami is downbil], the head ehmiunan advonct^ a fnll tape 
length and then returns to an intertnodiato point from which he ram hold the tape hori- 
aontal. He suspends thr plumb line at a foot mark^ is hoed In by the roar chainmnn^ 
and sete a pin at (he Indicated point. Tha rear chalmnan comes forward, prew iht hrttd 
cAqin»j(ia n pin, and holds the tape at the foot mark from which the plumb line wo? 
pm™u8ly suipended. The hvmi chaiEimnn proceeds to another poinl from whieh he 
can hold the tapi- hariitintH.1, and m the pmeew is repoated until the mro mark on the 
tap^r iH reach».-tl, AI toch intrfTArdiaiv point of a lapi^ hmgth the rear chainmon givtji 
the head choinnmn a pin, hut nut al the point marking the full tape length. 

Stop* bteasurements. Where the ground is Fairly srurmth, measuremepta on the -'^lope 
may acinK>tinteg be modi: more accurately and quickly than horiEontal mcamiretnentfl^ 
and slope meaaurements are i^memJly prpfeiTcdr Eithi^r the clinometer for measuring 
slope or the hand level for mcasuHog difference La eJevation between sucrawstve ^Ftattoiu 
ox breaks in slope may be used. 

Correctiona for Slope. For measitn-m^entii of ordinary predFion when the alppi? Is not 
greater than about 20 in ItW, the correottqn lo dislani^es mr/osured no the slope td 












MEABVREMEST OF lIlftTAiCCE 


uivt hurifunlnJ cjifFtAnri^ may be C 2 i]cuMt«d Appm^tinuftlcty by the liximesdoii 

Ck M ~ii m — fappifTJS) 


i"9 


m 


Ln whicli u tbr diffcnpnn? in elov^ation^ J Lf lUi bnrixt^ntJiE dMiAncv, and i h ihL‘ siapn 
Whi'm f.he of slopes m dL^S^fttnimxlr 

r* - ommr]^ (apprtiK) 


in which br tbt^ jilupe angJe^ ^ fflufut' di^tann- in 100^1 

The fiatncl formalA for onm^ollon \» 

“ d w jr Y¥i^ 9 (^xnrO 


(IJJ 


(12) 


CorreclioD for Sag. Thf- comnri ion T. for iwg f a given with xit pr^H^inon fnr mwt 

Aurveyid by tbt* {^xpumuFtaii 


C* 


24/11! 24/^ 


(13) 


in virhich w iff the weight of UtjKv lb jier ft, H' u the intnJ wdght of the tape 6^/n«ra 4 ttp- 
pariit^ ]b, i is ihv- diftaiiee betw.^'eii support#, ft, P i# the app]M tendon, Ifi, and is the 
ecitrection betwwo points of support, ft. 

CoTTCctioii for Tension. If the tension is greater or than that for which the tape is 
standardixed, the tape \s eortt'Spotiduigly t40 lung or too short. The eaireetiop for 
variation in tension lu a tfteeJ tap^^ ur 


tv 


{p “ 

AE 


(U) 


III wViieh P i# the appUfHl tirmion, is the tendon for wliieh the tapty in fitJindardifod^ 

lb, if is the Erngthj ft, A i* the ems^H-fivLlOiiBl artsu^ sq. in., Cp is the tormition per db- 
taneo /+ ft^ cmt| E is the modulus u( i.^Lhatjelly nf the ifliwd, usutilly taken ok 30^000,000 pni. 

Eliminatipd of Eff&ct of Sag« Normal tetLson P,», the pull that will eountoract the 
shnrtf.ming due to nag^ is 


0.2mirV.LiS^ 

vp. - p. 


(13) 


This equation m snivetl by trial. 

Comectioo for Temporaturt. The eoi'ffieaent of thi-rnml i^xpanjqon of ■itii?l k altnuE 
O.DOQOOb^^ per f'F. If the tajic h MtanEianJ at a lenipiifalun* of T," and meaHiin^rneiils 
are Inkeo at a temperatuir- of T’, the eormrlioti Cf for ehatige in length is 


f r, - O^lWOOOliSKT - r,) {Igj 

m whkii f is tbi- nHiasuriNj length. 

Summary of ErfUfs- Table 2 suiumarixeis the variouii ermns ami correelionN In chain¬ 
ing. 

Mistakes m Chainiog^ Stnrw' of tln^ inktaJn-e rt^ioiiiiioly nmiit! by inexpi^rienreij ehiun* 
men are (I) adding or dropping a full tape length, (2) adding a hwi in ntea-Muring thi^ 
fraetionaJ part of a font a< ihe end f3} taking wrong jHiirits as 0 nr iOO-fl marks on tapi", 
t4) reading numbers iiirorn'rth% ji# "+i'* for "9/* or (SI ralfing nunibt^r# ineomtsMly, as 
^-fifty-three'" for 50 3. 
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MEASUREUEFFT OF DIFFEItESCE Ifj ELEVATION 

Buwnatru: Lewling, ^iincB ttn- «f th,, Mmwphiw VAtiit in'ii-retly 

wLih ibL.i.k.vBliPo. I Iw bwtmiPUT nw>- f,H nudiing (*rt«rvjttion« ,rf diffmnft. 

in rli-vtinn. IIoui-vlT, th*. prmmn^ i„ Mkclj- I.. VHTV I.,r<.-r n CnmridfmliIr in tht- 

riMiwt .If M w an hnur ..rduiin.>- «ii„|ifinnn rk-vatinn* Hpt*™tnwi hy 

haimaKtny h-vdiiii! nn. likdy to Jie BSivrsJ fwl in rno-r; idth *.eiMtiv(‘ hnrionujunl, 
howhvrr^ irb^VAtiEinA can be wilhin a fiMit or^j. 

Th*. uurcnrial bim>ii».tiT \» mimlt-rwcm.-, and fur fclii Tm,r|( a„ antfoid iMmuMJt.ir w 
itM.a. A jgnKly l>ait>iiii:U-if tn MJtni.tiiuiii ujtal by t{>|MgrtaiihL-rs on Pin»)l^.st»lc aurvuvn 
wbi‘iic ih(. rontour ii. bu^-. .'imp,, w iiiAd.. m fi^ibint inli.rircOn iliirini; tin. 

I lay. anil th.. mte uf chanip' in Blmosphcric nmititiojusj^ i,ii*prn.d in unlyr to ih-tt-miini- 
wntfctitinii. ll ia Abut tc> tvium lo thr- jx^likE. 

l^pujilly barunu^tric tArnervAtmus ATv l*ki'n ttt a tMiuu during tbf' 

Ebftt oisN?rv4iiSoiw wv made orn a awnd t»artiinkHtf wWrh ifir^rdt-d frum iKiint ihiuil 
ill t bp fipid T\m procedure Dukt¥ it ppKijhb to eorrert ihv uf the portAl»b 

liArumifltT for ntm4vpberic; JiiftiirbanLH:^. 

Ofii^ Upc of extremely fttiiAitive Wumet^^r i? i^raElmiEed in ftet iMesd of unilM of 
preftayne. It is iwi^ m the foliorbij! milhod which t^mphy* two of tb.^ iriatnmH.-nla at 
fixed hbsc^ ami one or mon^ ulkI num^nts carried fnuti point lo [lodrit oter the Jirua belnj^ 
huwyi^. One filed iii5tniiiy‘nT is locarcd at a |wijit of Jiiiowa i-levaf iqei near the 
eh-vatioii of llui an^aK rtmI om? mw the rttHafion. \ thini im^tnuwftkt is currual to 

t)^' isoiiit wbrjiM' olevntion is ilesired* and a remlini^ ij taJfi^ii. I^eadings ibt- fiiH 
instrunu'iita mt" takfn either siniultanoouAly or ar Iked inEermi* of tiiur. The ek'vat ion 
of the tMirtal>le instruiueEit u then deterrmn^^ by Intc^rpidttlofK Tlie huHrontal toealiihii 
of each pciint at whlrli a citing k taken In drEi-miitieii by eonit'titiijtiil methods. 

Ctirvature of the Euth; Refrtetioo. The 
mmbinoti offert of the earth's curvhiiire and 
atmue^phE^ric refraction is given by the eipn.^ 
sion 

y “ 0.57^ = 0m\.%P ^approx) ft7) 

in w^hich K ia ih?' iliatance fruni ihi<‘ pM>itil of 
tangenev (atation of the ohsenrer), mlU^, 

IS the aaiTHi thEJUimndA nf ami 

/jVih theeninbiiied efftHcl of ibo i-arth^ eitrva- 
tiin^ anti of Btnio«phA'ric refraction^ ft. The 
effect, of the earth's eurvatiire aJorn^ is altovil 
The effect of refracfion alfmc U 
ubont O-OOA'^ in the opposite direrlion. 

Indirect Leveling. Jn Fig. »h A reprmat^ 

a poinl of known elevation and H a poinl the ckviikd uf mhich h\ di^^icid. [n 
indin/ct or I riguimnH-t ric k^'eliEig, ih'- wrtiraJ angle « at A w ineasmT<i+ ruitl thp 
diatanoo A D is: detertniiiiHJ by some im'theidof nieiwrL''mk>nt, Tb* in lolfvatton 

hf thcrefom 

if the verlicaE angle# k eiLho lakfm from if to .4i 



F|ii. kidirwi, er irigOiaHiietric. Ipv'dina- 
flM'itig lu rPtJactkjii, tliv Hop of ?4ijRkt b 
^liKhtly rtiriiiJ'dJ 


// 


+ Aa 

~ -2 



4- la n,;fl 
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Frticn Eq. ft&3 nw>' be tbi- K>'n4-rbi nik^ thnt^ irAfu are mearni/ed 

/rem tonrf f(?) m^h of (tfw poiPi/# differffix^ ift eUttitian in desired, fAr ritjjcr^nrc in 
rlwfdim u orin^-hatf lAe A4nn*iii//ut (fitfunn! «ti fAfsn mu/liplfnj % fA^ warn ^ lAr lan^ntM 

r*f (hf atijgle*, and ihe i*fr(?et tjf the ciirth^a ciirvaltirr- mid miTnruFphi'ric nt'Fnie'tinn k iheivby 
Tliw jimd^ujv iri FTijpkiVcid in preri-w incljp^l 
Direct Leveling. In Fi|c. 5^ A irpre^ieiits a ixiini of known elt-valLon, ami H n^pfLm'iil!i 
a poitir the rli-vnttOD of whWh w demred^ In tbe method of ^iiriMrt or spirit levelji4c tb- 
kvel 15 Up at some intf-rmrdlate pnmt as and Huf verlieat dbitaiici^ AC and Up 
iihiipmd! hy holding a leveling nui fii^ at A anil then at B, thi- linp of fight of tlw 



Fin^ 5. Di»rt leveling. (Owing to refraHton, thr line of riljihl b ftligtitb' eiirvi?tfj.| 

inetniment b'Lng hodaontaK (Owing to refract ion^ tbi? line of aight m digbriy curved.) 
The diffetvmsy in elevation f/ beiwi?en A and fi \b 

- A^ - Ai ^ + Afr^ (m 

If lh£! haeksiKhi dutajicv £A tA equal to the foresight dlitance LB^ then A^' » A*', and 

//-A„-A6 (2i) 

Thim, if backoghi and foni'sight dljFtancee anr Ijahuicvib dn- difTerence in elevation k- 
twwn two poicLta is equal to the differeJice but ween tb'! rod reading}* taki'^u to ihe t-wn 
poiatii, and no correction for earth's eurvatimf and atinoapheric ref motion is neei.*tisar)\ 
U$e of the Level and Rod, The engiraa^r's level in iR»t up with tripod li^gs well spm^ 
and firpnly jinia^d into the ground and wilh the tripod head rw^arly level. ITie telc-scupe 
in brought over one pair of oppoiote Icviiling sttvwi, and the bubble b centuml appnxu- 
uiatcly; I pnJnrftH \iA 1 hull reptraled mi h tbi telejtnopt' ovTT the ot her pair. By n^putit ien 
of thl-i pnHialiuv the leveling scji-wm ani nmni[HiliitiHl until the bubblk5 remains euntert^h 
nr nearly for any din.^liuQ in whleh the teU‘^M:ope^ is pci>intcd. ff the mntrumeot In in 
ttdjuntmeiit^ the line of sight la then horicontal- 

Tbe rod if hi'hi vurtlmJ. For accurate ubs^rvatjonn, tlie rod is held on jwiive well- 
iJehcud point. Tlu* howler iriglit.^ at tb’ nai, focus^ the objective, and ean^fully iS’iiteni 
lie* bubble. If ihi* wdf-n«ading rod h lUH.Hif, the leveler records thi- nmliiig of I he 
hair on the md; and., as a ehech, he aiipdii otsnervfc^ thi^ bubble and the rod* Jf tiw target 
rod in used, the targi*t is wrt by tin* mdirmu as directetl hy the leveler. To uliinlrmte error 
Uy Lht^ nal IkoiEig tippeil forwaol or baekwardp the ntiiimn irotes (he rod, or t.iha it 
niewly forward atai Isaekwanl, and the li'vehT tnkew ihi’ least reruJing* 

For leas pruehie* leveling, aa whiin rod nuulingF for gTiFiiud pcjinls are dvtennifU'd to 
tbir nearest O.I ft, lij^uallv lew cun' is exercmHiJ in keeping thi- bubfilc centefed nml tbi^ 
rod vurtlcal, aihJ the observatiOEia an* not clacked- 

]^me kvcia have a mierotneter sen?w whjrh pt^mutfl tilting the leh*scupe with it.*F 
attached level lube aud thus pertuits cenleiing t^* bubble while sighting ut the tod. 
Adjustment of the Dump? Level. 1* To MaJee lAe AmAt^ ike Level Tube Petiitndicuhif 




MEASUREME?<T OV l>IFFEREXCE IN ELEVATION 1-1 ii 

la ihc I'rrfirfaBf A XM. Appit^KUnut^^ly CT*nUT t lu" biibbli? yirw t*ach pair yf upipunit^ vel ing 
iwmw*; then CArvlully tk* buLtblu ovift oiap pdr. Rntate (k hsvv] i-nd for mtid 

About itn vmieaiJ nxh*. If tb^ hubhb w riiKplui^frl, bring il back bUffiay to the center 
by nu^smt^or tlM' miKtAn nuta* at ottc' end of the level tube. fCeJw'el the irurf rimient with 
the le%x-lihK pen'w.-a, mnJ tifpeal the pnareiui until the A^Iju^troent k perfmed. 

2. T0 ^fakf ihf UortictiiaiCfau ft air IJr. in a Platif /V^^raidirular fo th^ Ytriicat Aiii 
(ond Thim fioriZfiHtiit It'Acu the iriirirumrttt fi Lci^f). Sight tkh horiiontal crOAit hair uli 
Hime clearly defined fioitit, and rotate the Khawly about it* vertical ff 

the poinl apiA-an^ tn depart from the cro£fl hair, Idowu two adjan'iit capstan ifcrawa axid 
rotate the cruKt-hair ring unlil by ftirther trial the puiiai appears ig travel along the craea 
hair. Tighten the same tw'o screw's. Tb* lEL^lruiiwot need not be level when the tefft is 
made. 

S. To Atakc the Line Si^hl Parallel to thr ArjA 0 / th^ i-crrl Tuhe {Ttro^pt^ TeM). 
Methfid .4, Set two pi»fr» 200 to 300 ft apart on approximately level gmund. up and 
le^v! the i oat rumen t in a f oration such that the e^i-epiece is H in. nr I^hm in front of the 
rod held on om- of the pep as at A (Fig. (I). With the rod held at A, take a rcNl reading 



o hy sighliiig through the objective end of the teleeeup^ [with the eyepiiHct^ nest to Lite 
rod). The center of the delil of view may be determined within one or twii ihousandtliK 
of a fool by hoUlug tbu pomt of a pencil on the rod. 

-Vfovv ihe rod tii the other peg H, and Lake n niJ reading £1 with Ic^ol at 111 the 
ii-^iual manner. 

*M ove the ioi^tnl^nent to fJ, upas before^ and take rod readings c anti d. 

If — b) * (d — ejp Lho line of siglit IS in adjustment. If not, the eumjel rod roAdatig 
at ii for itoKEriimeiit with position uoeimogod at B is 

fo “ k) + (d “ c) 

d' — e + true sUff, e], t -—--- (22) 

« 

Ec|ualion (22) must be solved with due rt*gard tn aijEns. StrictEy^ the eifect of curva* 
ttire and refract ion should be incEuded: but for orfliiiary IsvoUrig the quanllrieA are 
negligible. 

The adjustment is miuie by moving the rroaK-hair ring vurljiially until the line of 
wiglit cuts the rod at d\ The prewding an» then repeaUwl a?i a cheek, 

iTmoad of viewing I he near rod thnwgh iha objective end of tlm telescope, ihc kwel 
may be set up a short distance (say, Il or ft) Ea'VotHl each near rod and tk maLr-rod 
ri^ading observed in I ho cui^lomary mamker. The acLju^Lmi.^nt should I a- considett^d as a 
hnct appruxiinat ion and should n-ix'ati.d For prta'lao resuEts. 

Metlnd B. Set two pep 2tXl to 300 ft aiiArt on upproKimnteJy level ground, and 
diwignate as A the pi'g natr which the second setup wilt be made [Fig. 7); call the other 
\it% iS^'i up and k^vel t\u^ iniitniniifnt at any point M equalEy distant from A and £i^ 
tlial is, in a vertical plane biiA^tiiig the line A^. Take rod rLadiogA a on A and b on 
then (o ™ 6) wilt be the true diffetence In olev'atioa. eiDee any error would be the saim^ 







SLHVEriNi* 


H 4 

for iha iwG oquflJ difit4^ti;sA /.«. Ihie accouni miiAt be takt^n of liinnnjchylit tbt 

Move lltt* tru^rmnent Ui & poibl P aefij Ay prt'fif’rably but nol Dooeiimrily on Unw with 
tbfj peipj; HOt up as hcfiire, ihkI im'B^uru the tlurtanttsfl ia A uikl Lh to /?. Taki^ ^*d 
iTwtinipf € 013 A and d on H- Th^n (c — talcon in tb* order lu^ before, ia iIhj 
indicated iliffon.'nw in elevationp d (e — d) *= fo — &)+ tbe imdJujiuiht b$ in udjuptment- 
If notp (e — d) iff tadtecl tbfc ''fnlw" tiiUnronoc In efevatioTv and the intlitiation (error) of 



-—irf—j 




FlO, 7. Two-f»a l«st, Metibwi fi. 


arror 
/ft LiM 

^ "iff J 


the line of Kighs in tlu* net diataiiee (Lfc — ia) u* eqiiaJ in (a — &) — (o — dl By pro¬ 
portion, the error in tlie reading; on the far rod is ^ ^|(in — fc) ^ (u ~ d)]. Suhlmtt 

HJgn^braicftlly tbe amount of tkb error from ibo n^IiiiK d on the far rod to obtain the 
correct reartini^ d' nl B for a horiiqntfd line of wight with tbi^ pcjoilJojii of the mjrt nimt'nt 
unrhanp^'d at F. Set the target at d* ajvd brinjt the line of eight on the target by moving 
the cro^hair ring vertieally. 

Ab & partial chech on the womputatinrie, the correet rod reodiag at A may be eom- 
putixJ by propnriiun; the difference in elevation eompuled from the two correoti^ real 
n-ailin^ c' and d should be equal to the true diffumnce In elevalJou observed origifially 
at M. 

Theoretically a correction for earth*K eurvTitiire aitd atmospheric refraction should bo 
atlded niuneiicaily to the final rod reading d\ although in practice it !a UFuahy conwidi!rL<d 
negligibU^ 

ftn-me ifritrvoyurH prefer to wet up at F within fl to 8 ft of A and lo conMdtJr [{a — 

(c — d\] aw la'ing th4‘’ fotuf error ill elevation, to hr' Bublngu^ted directly from d- Thin 
servea ai* a Unit appHLiKimatiun: tin- prooLdim- for the setup at P ia then rept^aM. 

Adjuatnifint of the Wye LeveL L. Ttf Mufee lAe A^ oJ the Levet Tube LU m the ,S^mt 
Fiatie ititt thi Axi* of ihf tVyeff. Haifc the wyt ellpn, level ibe inatninient^ amt rotate 
the telescope a few dtigmi^ in the wyes. If the bubble is ilieplaeed, biing it hack to ihi^ 
center by nh-am uf the lateral odiunting serewa at one end of the level tube- 

2, To .ifuita the Axis o /ikt L«d Tube FtiroBd ia the ^ the Rawe the wye 

clipw: level tlie iofftnjpunit carefully; lift the telescope from the wyi?«, and tum it end for 
end- Jf the bubble is diwpkeed, bring it bnek halfway to the center by toeanw of th*! 
vertical adjUfftliig nutw at ofle end of the level tulje- Rislevel the irmtniitaml by of 

the levelfiig AttvWM. and repeat the procew until the adjustment ii perfected. 

3. 7*0 Midce tht HarixonUU Cro^» iimir Lie fn n Ftune Ferpetviiculae to the A™ 

{nird TAut f/oru^atof l>F4m fiuLrumrnf /i Letfti}. This adjuFtmeTit is the name as for 
the dumpy level, eaoept that for Hame instrunniutfl the adjuntmeiit mny be made by 
rotating the lelE»cope in tlii!; wyi.fS inwtoad uf rotating the CTOSHhair ring iu the telescope. 
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4. To Afak€ Lint Sighl wUh fAtf ^3fi# 4^ Wye^i (and Thu* ParuU^f io 

iht AxUgf thr Lrv€l Tu^)^ Eai^ ihti clipfii ^ight the LatereectiQH of tJie cn^ hstif^ 
on EMMTve paint, Mni plump the vi^rtlcaJ ojjb. Revolve tlu*! telejicope iMl'^ 

tAbfiut itn own in thi.^ w>v>f4. If the Iiup of Ib diBpl&ced from the point, aJju^it 
the erwfrfuiir rin« untO I hr Um of t^h.t bi midway between two fonner popitioTK:, 
Kept^ii iht" proeesB iinlil the propc^r ndation ohteined. 

5. Tr^ Makf Axitf af ihe Tub* {uHii Thm ih* Al^* of ir^) Perpendicular 
fa the Veriifai ,4 jif, Jimwniqeh ub ihi^ prveedioit adjiift mml s haw e^bll^hed pinwllel wm 
or eoinctdeJLW Ix-tween the axw of tfcu! iewl tube^ the line of i^ght. iwid the mU of the 
wy€«^ thk ndjuBtiKu^nt docs not add l* the preeiaLon of observalioaft. The Adjustment 
nuikeB it poftBible, however, to level the imLmmeEil m that thi^ btibhte will renimn 
ft-ntered for any direetion in which tJiu icleBcope may be pointed- Ijevel the jnfitrnnn'nt.p 
and rotate the teleaicope emt for end alajat. the vcrtiM.1 xxib^ If thi- bnhhle is diatplai^^^i, 
tning it liack hulfii^ay to thi-! ci,*iiter by EOran^ of the imp^an nuts cooliollfnK the vsTtiml 
p^Mntiori nf one of the wyes- 

DIFFEREWTIAL LEVELIRG 

DefinitioiiB- A weirJt iBM) b a definite piiint of known elcvmlioti and brat ion 

and of imtn- tw ppermanent eliariieEiT. 

A tumiiig point. ^TP) tB an iuterveziing point Iw^twwii two ImmicIi nnifka, on which ^koinl 
|>oth foreM!|(ht and backlight rod Fi'^ailin^-^ hto taken. No record is math^ of it^ bewtioti. 

A iBvS) is a rod reading taken on a point of ktiowti elcvatiuu. 

A/of (FS> iint rod reading taken on a point the elevation of whieh k hi l>e deter- 
minedr 

The ArttfAl (KL) is the elevnticiii of the but of aght of the telescope when 

the iniLnuaent b leveled. 

Procedure in Dlferentiid Leveling. In Fig. S, BMi repn-sentsc a point of known eU- 
vatiop (bench mark) and BMt repn^sents a bench mark to be eBtabliubcd iome diBtaneo 
RWivy+ It k ilcBircd to determine the elEvatlon of BMjr The rod b held at BMt and 


fHL 746. 



BHi E^ev OS 

Fill. A DiUcrenlinl Eevduia« 


the hivtd \i 84“t up in boom.' tonveniem location, as Li, along the geaurfd route Imt not 
nif^^iircaHly on the din'd line joining BMt and BMj (unlee? it k deEin-d to hbtaiu mugh 
mraimn?mi:iiEB of distaiicv between brtich marks by stadiaL A backaight k token km 
BM|. Thti rotiman tben goes forwanl and, as direct'd by the kvolrr, chooses a luraing 
point TPj at souiti convcnjpDt apot witMn the range of tht- tulc^pc along ihe gi^m-rul 
route BMi ta BMj. It k deflirabEe, but not necsessaryp that each foresight dklance lie 
made afvpripscimatcly equal to the preceding hackidght liktanec. The rod k held on r.ha 
'.lurning point, and a foresight k taken. The k^in-br thon sels up the irmnirnent at snnui 









l-Ki 


&URVEVIS (1 


fus-crmble pokiitp iw and a bai'kaijtfit to the rod bt-'lil on iIm turning pnint; the 
rodman jsom forward to a se™rjd turning puant TPj: and m Thu iircwees la 

repealed tintll luuiUy a roruRglit u> taken uu tbf tt'rmjuaJ point 

Iti Fig. B, it ia ^*t^n that a mtdr<t U> nf a ptanL un whidi iJn^ Imctk- 

nij^ht is UUertj liven ihit huight of Lnstniiuf^nt^ nnrl thai a /preififl^ MuLirticS^ fram the 
hfi^ht of injifrum^FiJ duterTuirira the rluVaf lOll of ihu iwint Oil which a furmgLl jj laki-n. 
Ajf a cheeky the difTcrence hpiw'n^^ti ihu mm of all baoksighu mu\ the Fum of all fon.*- 
apfi tff give# Ibe diffurenn:- in pkivatEnn ta^LWLH''Ei thu bench markBr 

In mine#, tunnol#^ nr cttnFtrnctinn work, tkaunitiiiu^ tbL-* rod ia held^ invertedp on iHuntzi 
higher than the telescope. Tn theto esflem the bpekjaghtp are ^^rdctfd and ihs^ foredglitj' 
are -ndried . 

No fcpcciaJ at tempt Is niaile to balance idocA fon^ight ilbilaneu again#! the tom;#|JH:>nd- 
iikg ^Jat^ki^KhL dbtaucih The effect Of the earth's curvatmo and atmospheric refraetiori 
m sltghl unkw ilwfv is aii almomml difference betwc4"ii the backsight atiii fon^sigbi dts- 
tances- Any error diit^ to lack of pamllcli^m U-twi-^u the line of sight nml the axis of tlic 
Irvcl tiibt^ ia eliminated if, between bench nmrkSp thi- itam of the foronight diHtaiLi:i-# in 
made eriiiul to tW vum of the baeksight distancesn 

I>if erential-lflvel Notes. For ardmao' differential leveling in which no npi^ciat effort 
is made to et|iialiaf baeknight and foni-sigliT distances U^twiwm bcoch nmrk*, imually llw 
record of held work i^ kept iu t he form Indicated by Fig- 9- 
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Fto. Wr PEffprcntialdcwl Oot™. 


bl intakes in Leveling- jwnie eommon mistakes in levelitiK are 11 j eujifiisioEi of n uni hers 
in ruading tlK^ rod^^l rectiitling biicksiBbLN in fim’sight mlumiu and vice ven*a? (3.) fniilty 
additionMi mnd nubtrartion#; (4) rtsci not hi^td on sajiM? ptjiol for both foresight and baek- 
sight; (5) npt liaviiig the loxig rml fuliy i^xliuided; (6) nading of inrifL^t vernier; 

arul (T1 wlam ttwi ]oag target rod ia used, not having the largijt vernier act i^Tnelly llie 
same aa the vnmier on tb^ back of the rod when the rod i# short. 

Ermfs in Lcvoliflg. Erronf in lovoling art srnmmarixed in Table 3. If the proper 
leveling procedure is observed, tbe impnrUinl erronx anf accidental, and the msultant 
emir may be expectad to vikry a# the square root of the clintniiDp. 










































Tarlx 3. EfthQivi IS' LE%'^UNd 


jSoujw 

T>-pe 

VtLUB0 


Procedure to 
eJiminate nr reduev 

rihE^tm- 

cntrital 

Ky^tfUfl- 

fitier 

Lido of idjitht not 
pandiol to axis 
of Jpvo^ lube 

Ivrmr of night 

propcirtionnl to 
dinfjLneel 

Adjufll inntnjQient, 
fir Imlauoe sum of 
iKiekifudtt and Tore- 
fflght dUtanoee 



Rod not irtttnctafii 
Ir-Jiftth (through* 
out length)* 

^[Ay l)e duo to 
miioiifarturer 
innintiire, or 
temperature. 
Error UtfUoJly 

BDiall 

Standardize md and 
apply corrertidiw, 
finme as for tape 

IVrstiitnl 

Af?d“ 

dpnt&) 

PtuTollnx 


Focuff cArefully 


Ilul>ble not ooti- 
tetod al instunt 
df T^hting 

Error varies ha 
length of jdght 

Cheek bubble befow 
' making efieh »dght 



Hod not heJd 
plumb 

HeiMJinga are too 
large. Error of 
esuiEi aght pro- 
pordoiiid to 
8t]:tiiUT! of incli' 
nation^ i 

Wave the cekI, or iia* 
rod level 



FbmiIU' feadJtix of 
tfid or of 

taJTtel 


Cheek each reading 
beforo roenniaug. 

For iiyelf-reaLOng 
rod^ us»e fsirly 
«hort flights 



Faulty turning 
point)i 

- - .... 

Choo^ detinito and 
fltablc pointn 

XntUFTvj 

Acni- 

deutaJ 

Tomponititr*' 

\riiy dinturip 
udjmttmenl of 
fevul 

Shield level from stm 



Karth^fi l^u^valuro 

Hirnr of eaeh aigbt 
proportioun] to 
of dw-1 

tonoe^ 

Boliuirc! eotA back- 
^|;ht and foi^i^t 
d»itiini.‘«r; or apply 
eompuM ocirref:-’ 
lion 



Almtwpb^t! 

rorru^Hori 

h>ror of ejieh «ghl 
pniportional to 
aquiire of dift- 
tanee* 

4Sanu' as for wtrlh'a 
rUrVaturoT sihio 
take ainu'f J¥tghl&i, 
well above ground, 
and lakeKockdiglii 
and fonwaghl read¬ 
ings in i|u]r;k 


Sy^tooi- 

alic 

Soiilfruumt of tri- 1 
pod or turning 
points 

Oiifierved vkvik- > 

lldEUt are too , 

high 

Chooae atable lota- 
tiona; take bai-k- 
fdght and forefight 
roadiufpf in uuick 
JAiereftaton 


1 till* .^ft.r -liV » ^ rrrw ^ Ui^ dtlfmieo b*|m^ ib., «ii,Ert™tM 
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Pmisi-aa of DiffcrenfiM Lcfelin^. L H^a^h Itvriir^r pra^liee^i on rapid n^e«3«i- 
or ppd itrtii niry ■Sighi;^ Up to 1ft, fl«l t€ of 

No partirulw attettlion paid to hjalancing luirk^ijclkl iind fort-ssj(ht JidtKiieee. Mnximiim 

error in feet, ±0^4Vdistance in miles. 

2. Ontinaru ^ nts^ ttaaiy in ccinnisrikiii with moel en^ui-vriiue works, 

up to Wa ft. Rod reudingsi m hutiduxIthE of fwt. Bafk^ght wid foresight dwtunft-^ 
mjghlv hakiu^N;i only when runnitig for long diatmieeia uphiU or doa'nh ill. Turning 

pointj« Oh walid oltjccis. Mhximmu cm»r in fwi, ±0.1 Vdiptaiww iu cuili:«. 

3. fijwlfcnt imdiftif for the prioripol bench marks oh cotciiFive srurreyu. Sights up to 
30n ft. Rod tending?; to thoimmltbs of feet with either the target rod or the self'nailing 
Tod. Bttcksii^t Biid forwsiitftt di?tjnwes tneiu;iiied by pneinR and approjiitimlety bahine<N| 
Ntwii n bi'nch marlts. Risl waved for huge rod rciiding». Bubble meefully oenterrxi 
Im fon' lAth si^t. Turning points on wcll^‘B Bed points of solid objects. Trittud set on 
firm ground. Maximum i>rtur in feet. ±0.05V disUnce in niilrtt, 

4. PreeUf lerrling for est*l>1ishing bench tnarks with pi'nt neeuney at widely liis- 
tributed points. Higli-grade level etiuipped with stadia hair* and with sensitivt- bulti)li-. 
.\djtislnKUts mielully tesusi daily. Rod standardiicd fierpieititly. ftigbui up to 300 ft. 
Rfsl madings of thrte horizontal to thousandthB of feel* (jtvel protected from tin* 
sun. Tuniing ptdhts on metal pin or pliue. Two roiJmen. Backsights an<i followitig 
foresights taken in quick sucewion. Buhbk v«ty carefully centered and under nfm-rva- 
tion at iiiatant of taking sight. Bod plumbed with rod level. Backsight and foresighc 
db-tances balanced betwvt n bench marks by stadia readings. Is-vid ret up securely on 
firm grnimd. 1 jevel* not run vlu‘n air i s boiling badly or during high winds. Maxithum 

error in feet, ±0.02 V distance in miles. 

Adjustment of Elevations, When a tine of levels mak^ a complete circuit, the liwi 
elevation of the imlhd bench mark as computed from ihi- level notes will not agon- with 
the initial ulevalion of this |»inl. The differeueu is called the tner qf efosure. Thi' 
ekivalinn .1 of inteiTiii.^te lamcb marks will abo be in error, and it is nucfwar>> to adjust 
their elevations in propurlion to their dislances from thn point of beginning. Thus if E, 
Is the error of eleatire of a level circuit of kngih t>, and if C«, C» — arc tJw' ruspectlvr 
corre'ctinna to be applied to the nhrerved elevations of bench marks A^B ,,, A whosi' 
n»pcctive dbtanccs from the point of beginning are a, h ... n, then 

C, - - 2 iV C. - - Je, f23) 

fsTvfi urer Ihg^ent J7»s/«. When the elevation of a Iwnch mark is eslaidistitsl liy 
lines of h?v<‘ls run over reveial route?, th-re will be a-s many observ«l elevations as iJu re 
are line# terminating at the point. The weight to be applied to a given oijsen.i'd iiltrva* 
tinn wilt vary inversely o.s the length <d the ciirrosponding line, Tht* nw»t probable value 
of the clevatiub will be thi' wrighte<l mi#!! of the obscrvu’il vatm«, 

I^l AVI. WhiJt eVvalions of ii^'m* marks in an inli-reonnwtmg nelwork of level 
rinruits are to be adjust <il. a sbiipk'- nncl accurate method is t liat 111 succcsstiwe approidma- 
liuns. It cotisisle in sj I Justing each iH-iwate figure In l.hif net in lum, witli ihu adjitstiv 
values for each circuit imuj in the adjustment of adjacent eircuits; the prueejm is repeats I 
fur as many evelcs as ni'ceasarv to halauci> the viducs for the whole net. Ill dhin each 
rircult the VfrJir of cltwirr> ia normally distributed to the vattous aides in proportion t« 
their bngilus as previously explained. Th»- following example shows a luethud of solu- 
tiiin hy Pn>f- Bruft’ JAniuy^ofl. 

AViisijVc.- Figure U) represents n Irvsl net niaili! up of the ei omits BCf/Eft |d EfM, and 
a A HE. .\lorpg I Ill'll lude i*f the eiomit is shitwrt iht! length in nules tind the oW'rvrtl 
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dilTpivnce ip c-kvaCwn in feet between lerminal bencb nwkf; the idgii of the difTeferiee 
in plevutkrti eorresipcindi^ vdih the dircrlion indicftled hy the Rrmws. Withm eitph eircuit 

\m ittf lenj^b afuj the erru^r qf clOtiUrc {7<sip- 

tnited by HUiniiitiij^ up the diffeteiiecs b devitliiiii 
in a clockwise direction. 

Tflbk- 4 fbowfl Ihe cH:inipi]Liitlqn-^ required in 

balance the net- For eqeb eineuli are Ibted ihe 
^d«^, llie lilBlances (expressed in miles and in 
liom^nljqgew of the total), and the elififentneen 
in eto\^dion- For circiiit Rf'DEB the emjr tpf 
rhiMijr hf —0.40 ft. Thk la distiibiiled ajnoni^ 
ihe lints in |>roportioB to their lengths^ ihus for 
the line BC tlw eorrecUnn w ^ 

(1.17 X 0.40 m 0.07(1, wiLb?>]Ktii opjxMite to flutl 
of tkt error of elosure, Tlie correct ton?? stre ap- 
pliiMi toihedifTerenreflin elevatinn t» ahtain the 
valneii cif ^^cnmetcd diirtrencA" in tleviilioJi‘* 
gho«^TL in the seventh colunin. The line in 
circuit BCJiEB L*? the mhuc as the Hnc ED in 
circuit Henee, in listing the differences 

ill elevatiiHi for citruit .4i?/J.4, the differeintv in elevation for ED in laken^ not as 
I he ohficn'ed va!oe (27.15), but as I he ii.iiju-^tetl raliii^ f27-QSJ From circuit FiCDEE, 
with opposite The error nf clastinc for circiiJt *4J5fD-4 is then 4-0.25 ft. The error 
IB diBiribLited lus boforu. ^imiliidy, tu cbmit EABE the differences in elevation Listed for 
EA sifid BE are the adjusted v^ilueB from the pn^viou-s rircuiUi. In Cji'cle 11 llie pro^'css? 
lor Cyclic I Is repealed, and the Unesi value frocn previously adjusted cirttiits is zilii'a;]fii 
listetl tiefoie lltir ni>w urtw af clueturc is computed. And so the cycles are rontinued until 
I he correctkiftH Ijecome lem. 

Tht' order in w'hich Ihti variaiis circuits and Unen aj^e Taken b iTnnmtcrial, aJthuuph the 
optimum order may reduce the number d cydec required- If dedredn the compiitatiHiiB 
miiy be baaed oa the rathiT than on ilu' differt^ncos in I'levatinn as Bbowti. 

The BithiB of a ipvefi circuit, or a -BiveiJ circuit as a whole, may wet^hieii aa denirwh 
Tbe devntiona of interuiediate bench marks are adjusted os previously dctscnbeiL 

PROFILE LEVELING; CROSS SECTIONS 

PtcffJC'lcvcl Notes- The notec for pmfile levelinic may (h; n^arLji,>4J a^ aliowm ill Fig. J I, 
where foresighb? to turning poiEiis and bench markfl nm in a M:pnJttti? criuifiJi from inter¬ 
mediate ffirertig.bis to (trotind poinlr’- Some flurveyom keep fdl fonwEhtP in dtin colutiin 
nnd tabulab* the eb'i'atu^ns of ground poiritn in tly^ hflh cnliimii and olcvalitinr nf BM*b 
H ud TP'r in Ihe sixth column. Othi^m n^mni ail fnmnghtB in the fuurth column and all 
ek vatiorw in Hie fffth- 

Reute Cnrss Sectiona. HrelimtniLry^ crosz^r^ctiun. noten tnay bo kopL ill the form 
iHhciwn In Fig- 12. Thi^ n>^nter line of thi^ right-hand Jiage r^rpn^mta tin- traver^ie lirni, 
ami |o thj- right ant) k’fl of ihLi line are nK:^iirdL*il Ihe oht^orvt.'d diBlancca HJlrl rod rerniingn 
and ihi' romputed tihivutiuiui. 

Flgurr iElUBtrateB a «fuitah]c fntrtn eif iblud crtm^'Btfet ion notfS- 

Tht! pHithcKi ttjuially einpLqyt.'d to lietertinnc: cutri and fill? h as IoIIowh; hlgurv 14 shows 
at A tile level in pKMitiun uIkjvc grades for taluAg rod roadinx^ at a secUon in ffil. The 
height of in^rumeni (HI j has been determirKfd; the i.'h^vatjoii of grade at the particular 
station iji kitawrn. The lewler coinput4n4 the diffe-n^nce tH^lween the HI ancl grade eJis- 
vntion, ft difft renpt' known ibe grade rod^ S.p., HI — eh of grade ^ grade rod. Thu ml 
is held nt any poinl for w'hjch the (ill ic dcBinnl, and a readings 4*01 Ictl the ground inod is, 
lakeo. Th(’ di-ffi'rtmc:v la’t wc'en tla* gmdv rta! and the ground rod b equal to the HLI nr, 





FiO. ID. Adjufttment of Kevd net. 
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FlO- 13. CraEi5-HH7ti[m not» fcfr final IocbcJiid of roadway'. 


for A flection in untt, ht equal to the cut. If the HI h heiw grade^ asht B iu Fig, 14^ it h 
clwif that the &ll ia thn auj^i of the grade rod and the ground rod. 

The plotting nf eroaa airfitiojifl la described in Section 2. 



Setting Slope StaVeo, If tp i? the width al raodhed+ d the meausuned diatiince from 
center to silope atnke, t tb- Mdc-^lopf> ratio {mlo of hoiiiEjutaj diataiicc to drop or rUe), 
and k th& cut (or fill) at the slope fltate, thoii when Lhi* alupe staitc- is in the correct pofli- 
tion, 

(f = I + A* (24) 

SlojH* stakoa am set mde to the line, sloping outward in fill and Inward in cut. thi f ht^ 
bark or thu stake is marked the station number^ thi the front {side nr^amet the cenler 
lino) am marked the cut or hll at the atako and somi?tijujes the distance froni eenu^r In 
































































































































































DIRECTIOS WITH MAGNETIC COMPAiSS 
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?hpQ fitiJu?, Thi! nabl dawn tb.^ sliko. [n cvX, tht^ t^lapa any bo set at a 

fii!<od iliatimcc^ siay, ^ ft, bsrk from tlu‘ *id^ rbe stopp. Thr eui marked on the sXsk^ 
applk^ to the ekivatinjn of tho ground at tlfcu »tdke? thus offscL 

Setting Grades. The oporation of ,w-itinK KtadtiF Li Fimilar to pmlile leveling. T\w 
grade rod to be i-mploye^i in sett inn ft grade Rlake lo gmiJe Lf eoniputed by ru}> 
rraetifig the establki^hed grmlo elevation i:[akt'n from the profile) from the H[, Thi^ rod- 
num fltartH tin- Rlako and holdj^ the rod on it-: top. The levpjer reads the rod and ealla 
out th*' appmsimate distance that tb- plake must bt' driven to rt sieh grsHie. The r«i- 
man drivia< the ftjike marly the desin.^ amotnit, and a second rotl rising \a taken; and 
fio thi^ proft^ y continued until fhe rod nuuling i# made equal to the grade rod. Sonviv 
timi R Lhe rod w b*ld aton^pido of the stake, and tb' posiiion of grade y indicated by a 
erayon mark or a ladL Csuaily grad <5 eli-ivatioitf an> determined tu humlnHiths of fei-t. 
The noles an- kepi as in prafik^ levi-ling e3(cvpt that the right-bitid coiunru of the left- 
hand page \a for grade elevnttcoiH. 

The procedun^ of wtting gradtfl for typical works of mrwrtj-iicdon in Jeiforibod under 
■^ConRLrtietion Kteni'eying,'' bter in thb wetiom 

DIRECTEOK WITH THE MAGNETIC COMPASS 
Magnetic Dactbiftlioii. The angle Twtwi-eii the true meriilLEkii and the magmatic nw-ri- 
dlan y LiJled iht^ “fnagm^ic doelirmtion.^" If the north end of the eompw nsi-dle points 
to the oasl of the true nM-ridiaik, the ileclbkation is said lo lie if it points to the weJit 
of thif true meridiau. the ikicltiuillon is iiaid lo be oxti- 

ff a true norih-south line is i stablisb-tl tb^ infan derilnation of the needle for a i^i^n 
IrK-ality can he determined by eompaRs dM^-Tvatior^s extending over a perioti of 
TTie di'elinatioo may bv ratiMateti with suffickmt arenraey for mast purposes froin 
innguiiic chart of ibe Uniti^ti i^tatcrs shown in Fig. ifi- 
the true meridian l§ cjtnblished by astronomical olm^n^atiorns. On rompHift #.ufveya, 
the true meridiati may bo establishid with euJfieieiU pn^riainu by ranging two plumb 

line* with Polari*^ i 

Isotonic CharL This chart. (Fig. 15) shows line? of c?q[Ual deoltnation for the date 
Jan- K 19®. bnmi on obH'S-vations made by the U,S. CoasI and Gi'OileUc Sunxy 
at Bfation# widely scattered thruughoul the oauntr>'- Tb' a^ftmk Uw, or lint^ of aero 
doclinatiun„ i* tb' hmvj fidl irngular line ustonJing in a FOUthiftskTly direction from 
th.^ Gmat I Ako?*. The ivt^onic hnw, or iighl full lirw^-s wb n tif the agonic line mark 
the palha where the .ifelinatunw were oo ihe above riatr I ^ west* 2^ wx'st, etc.; rinularly, 
ihoRO west of the agonic line ^hnw the fuutrf aJoru; which ttw declinations were I"* cast, 
east, elr. The. dash Ihtvn indicate (he rate of change- in mJ^gn^^t^c d^'cHnation from 

yt-ar to year, _ . .. r 

DLrecttoa with Sorvayor'a Compiaa, In order that true b^'armjp may n-ad diiri'etEy, 
compfussi K are so deaSgTK^I Ihnl the wmTMaH firde may he rotated w ith resinrl to 
(he bc:i:tE in which it Is mounte<L When (hd circle Is In 11* nomud poeittan^ the tine of sight 
w di fintHl by tin- vertical plits in (h? Righl vam^ is in hoc wilh the N and S poinls of 
the compaa.s eiirb. and ihe olwerved hearings are magnetie. If lb? circle is turrw^d 
through an angle ©(tual m tb- magnetic dcfliimtion, the observ^'d bfiirings will he 

true, , . „ j , 

the direction of a luMJ is to b? cktermijiifd, tb< i^mpaRS w set up on line and i* 
lewkni. Thr rideillc is rvleiiitfdH ftud thi^ 1*001 pass is mtaEiHl niioui us wiiiral aw until 
n rangi- pole or olher ubjecl on £im' i? viewi'd through tb- slirs in Lhe iwo right vanea. 
Wht‘ti the needfe roimx tn rt-it, the iKiftring i? read. Ordinarily the right vhju* at tho 
i-ml of the compaiA-i bus marki-d 7 ^ Is bdd nest to the eye, In which raae the bearing y 
jpvcrii by the north end of the nt*ttlle. When a compass iravt-nM^ is run, otiJy allematc 
Esiatioru^ nscsl he ocenpit'd. 
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Ifi*. rhprt tjf tlir rriiUkl .S<Jil4a [nt 4nii, lwy:i. {i \^. C'lwiW iitiFf OriwfHif Kurrr^.) 

































BUR^XYS WITH ■THAN'S^IT ASt> TAPE 
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Cmtttkm for Lwef Attr^cticKi. If UkoI ftttntclion from ft fix«i wuuroti exmi^ Bt any 
Hifttion in b iraveree. both tbtj bjick aiiiJ th(' forffanl buftiiD^^ fjokm frum th^t fllBlion 
will !m? hy iht FKum^ ainiHint- DLin-f^dini^ for fbe tiimf hoing thf airtidfitilal 

uiToni dm* to obsicrvTitg:i it pnohabk’ that ibi" tcrmmiiJ points of any Jine, AB, in- 
fI«^ From locjJ ut tract Jon If tbc back beariTig fr^nri M 13 tho ru verse i>f the fs>n™iJ tH^AiiuR 
from A. KuepinB in oaind that the rompottHi owsfFs between the forwand Ri^rl hark iiiit*? 
from any Ftation e&n iie determlntTl com'eLEy from tbi* observed beaiimpi tnkun from 
that! slatiuti n*KftniJt=w of fised liifaJ uttiactioii, the Jirvction of a line fr^N? frum loeal 
fktimirtioii inay be ohom-n as a basisp thJ!- twivnnit! siij|{l«a omy be compuM Iratn ob^ierved 
hi*iuinKs. and, startli^^ from the imaffetrteii tb' correct bearingj^* of succwfisiifc Eitw^ 
may tse wjJnputcKl. 

Errors in CnmjUBa Worlfr Common soutk.'S uf error tyinJ oorTt^ctions art' as folium's: 

L Xi' 4 'dJe tjenL Readliif^ for both t’nds rmiy be averaged, nr nmllo may be si raight- 
iitusi with pliers. 

2. Pivot beat. Reaciing*^ for both endn niuy Ja* averaei^^J, or pivot iimy be bent unlii 
+ fiid n-^adiogs of ttet'dle are 180' apart for ikoy direction of poiFiling. 

3. Pbine nf sight not I'erticHSp or Bnkdtmtt*d circle not hoiiicooiai. Vunf'S may bo 

ti-stihd by sieliting at a ptumh line. tii!)i!s tnay be U-^tod by rev4 ryal. 

4. SiUj^-ih njcetik*. The glftan on top uf the ecinipftf^ htiX should be tapp^l lightly 
before each reading. If the netniJe is weak, it may be reinJigni^ttfby drawing ita enda 
over a i>ar magnet. If the pivot pennt ia biuni, il may be sharpem-d by tocahs of a fiiw- 
graintd mbtOOe. 

5. Reading Lhe iiecdUe. Ends of ni^edle should be in plane parnlkd to herizonlaJ 
circle, and eye of oljsw^rvf^r should be atwi\e Ebe coinciding Rfadinttion and In liim with 
the net*ilki. 

ti. Undtiteelcd magnetic variatiuiin. Pixed locaJ aiimctiun can be roiwted as previ¬ 
ously diMctilxHl. Iron and steel objecls ahoLitd [w kept away from the eenipitss while 
it is in UMCj, and the observer should renmiji uu the i^nie side of I he m-'?tnimenl. fitaT'tc 
ehaiT^L's of elcolricity oil the glart? cover cruty be removi^ by touching tlu." gbe«* with a 
mofsE ^.iigcr^ 

SURVEYS WITH TRAffSIT AK1> TAPE 

Meftaurijig a HorizontiJ Angle. If n hoii^unUd angk*, a^ .4fJR. is tti be nuTiimrf^l, tW. 
Imnatit is act up over The uppr'f nwliott is clamped with om of thi* llorJxoiitftI s^^mkirs 
near scrOn ami by rmwis of the upfWT laniinnit wm w the vernier la set at 0^. TIh^ leli'^ 
aenpe sights‘ fI approJLiniately to .4^ thj,* lower motion is- clanipc^d., anti by turiniig ihe 
lower tangent fco'W tlw lint^ nf nght i« set csarlly enn a ranise^ pok' nr other objeet marking 
the taiini. Thj' upp.-r clamp is looeemd. and the leksmjpc is tumerl until the line uf 
Klght cuts B. The upper dIamp is Ughtnni-d, and I he line nf ftight is Pct i-wtly on H by 
tundnK the upper tangent stptw- Ttie niarling of the vernier which w^ap Initially H’t at 
fl"' ihi' VBtui* of ihi' angle- 

Metsuring a Horiroutul Angle by Repetition. By nwaiss of the inmsit^ a huriKontal 
angle may bc mc'chrtJiicftlly tmiltipiif'd. and thi^ (iroduct can hv. n'ad with the same pn- 
ciriou us I he sirigk* %'ftllue'- TTli^ pn^etpioii increawi* directly wflh ihe numllN'r of ri^piditiorv^ 
up til six cjr i-ighi'r lu^y^tHl thii- numtwr the pn*rii«inn b not apptcviuJily inrn-«LAHi by 
flirt hl*r n^fh'titinn, laicmlw of iicciiJenlFiJ erruo*. 

To n^pcal an mlgb, US AOB^ I he irunsit is «*t up Jil and the single value uf the angle 
iri nbser^M^ aw pn^Hotufiy dfscrihed. The vender .Nj-tiing If hit unaltena]; thi- inslmmt^nl 
Ls lumed on its lower motion ^ anil a j^*conr| sight is taken t.o ihi’ find poitil, as A. The 
Upper clump IfioFcned, ami iho tolefwop" again sighted to B- In T-hiB way ihc process 
\B ctmtinued untEl the atigEc ha? trerm Eiiulli|dinl ihe required numl^t't of times. The 
Vernier is and the valtu.^ nf tb' LuigW is dett rmiitcd by dividing the difIen^nc^;^ 

twtea initial and linal rt.‘JnJiEigs by the uujiibe^r ihT Eho angle wus turned. 
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SURVEY rN<5 


U^uaJly the 014^1^ hn miiltiplied fouf to rfjx tinn*s, half tbt? nb^urvatiorw bcinif mmif with 
thv irk-i^pi^ fKjrtnnj Ektiil half with, it invi^rtffL B-Jth %vrnieT¥ an? reftd^ and I be mean 
valuLV arr iimhI ia t hi^ EiraipUtatlOrui. 

Seimph' autt>fl ftir n>L^i4JinR lKl^ Aiij(U^ri idHiut a | 30 jal by fvpi^Utioii an: shown in Fii;- 
tb, Fof fiw "'rppt'iiijDHii'' eut lAkua with U^ltakNJpe nurmaJ and. five with 

telescope inverted. alwByA mt'Evairing clsacl;wi?e- The verniai- ia wt at aero ml the begin¬ 
ning but not thereafter; thi^ error mf rJosure ihe -'boriruii elDsun*") w ihm ob^ 

tiiii:ad direetly jai a cheek on the e^mtputhlioik^, and erront in flettinn the ^i^rnkr are 
HViiiilnl. LidUf^h etrmputatiijna on thn riicbt-liaihl page iwtrve aa a ebeek on tbi^ ntisiU^r 



Fio. ]G. Kol« for mauiuing anfdefl by repetition. 

of r^'pelilioiai and delect appreriable mtrtatefi in lumlng the wr^ng tangent st'Jv;:w, TJa^ 
reTOriit.d vjiliie for bve repetitions ia u-hkI nnly m a check; and the H wmier i? u^i\ only 
aR a cfcu^ck, fxee|tl with reganJ to the number of seconds. The ffnal adjusted valuec of 
ihe ttfiElt'A Itu the nean^^t st'condj an^ ri^rnnh'd on thn- Nkeieh, fnr ready n.'ferencc in 
furth»-r iiornpiitaliotk#. 

A bariEcmtal ikngle may Ik- laid uff by repi-tiiion ip a fftmibiT nianpe:r« Firnt Ibc angli- 
is livid off by a wngle sighting, and ihifl angJo bi mi-asumJ hy lepelHion. The correctian 
ia then applinJ at the point to ta- i^jitabLiabi<d by minamring off a linear offaiM i-qual to the 
dislannc ftutP tmilFil. to pciinl limi^ IhL^ langeru (or jq md of I he com'ction angbv 

Meaauriag a Vertical Angle. The vortirnl angle to a point is it* angle of elcvaiton 
5 + j or «k|ireSsion (— J from I he boriEopI al- Tbh? I ran^it Is K-t up and levried as W'hen 
miaHuring horiKonlal anghw. 

For a trariiilt having a hxnl Vf^rtiniJ vernier the plate L»ubbU.^ should be eeptered 
earefully . Tbi- lehM^copi^ ia aigblisJ approximatfdy at the p<dut, suid tht* horisantal axis 
ii* elAmra-iJ. The horiitiiptal cto.-ss hair is set I'lkaetly on tbt^ point, by turning the telwm^pt' 
larigt-pE scp'W. and iln^ angle is R^ad by uprahs of the verEieal Vf-rnii^r. 

For a tranjiil having a iiiot'uble verlleal Vender with e<jntrijl levt;]^ the telescope is 
sighlisl on the )KiiiiT as ikwrilail ataivi^ the venikr eonlml bubble is cauiteredp and tin? 
nngir is reail. 
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In ontinAn' tzi^nunu^tri^ kvfliiiK, vurtiraJ tnken by sighTing iifUEBJIiy at n 

li^veling TOti, tliL- \im til sight Imuok din'cti'ti al o ted rt-aJiDg tqual t<i fisc height af tb» 
horiKonluJ erf tbt transit above tk^ f^taLicin uvyr ahkh the rransit is «;t up, ^ighia 
rnay k? taken to puintj^ Jehned by idgiMUs ejected at tbi* liL^Lant statin ru^r 

For |i‘^veltng with the tranaitp for A^trunutnteal tib!«er\'‘alioitf, or for meastirenieni of 
horiiontal natuiriog steeply incllruxl siKhts, uruany il is desired to tevel the transit 

With gr\-flter prerLfliiiM than that whirh h rMwwiide tlirvugh the ibn- of the plate Eevels. In 
suc:b etuM.^ the verlieal ftvtn IS made Imty vertk^ by tiu^m of ibt^ teltiwope IcveL ttw^ 
p3wti‘ letelfi iMniig dhwegaJtJed, 

Dotible-sighting. For a transit having a full vi«riiea1 eirde, sights to determine ’i-erti- 
eal can he lakifn aith thi^ tehwjpe either norinal (hr iciverted. The method of 

dod/rff-wffAfbrp ennsl-Jt-^ iix reading ontw with the telc^seolie iiutmat and once with it in¬ 
verted, and t^ing Xh* niean of the two ihos (^tstained. It elimiiiates the effeci tsf 

LTiiain inst rumeut al entiof anil reduces tht^ pt^rs»njd error of observation. I n traversing, 
a KiPiilar result U obininifd by measuring the vcrtieaJ aoglL>s of eaeh traverse line from 
eaE'h end, with the teiepcope the mdr up for the uso oWr\’aiions, and taking the 
mi'An of the two valuiw- 

Indei Error, /le/rj error is the error in an oiipenod ajiglL-^ due to fI) lack of paraJleiism 
betw(am the line of sight and the asiis of th* level, (21' displai^^iscnt (lack of 

a 4 ljusiLna^ut 3 of the vertical wniierp and/or IZ} fur a transit having a fixed vertical 
wmkir, iuelmation of tfw to^rtical axis. 

The effert of index errors due to lack of adjust nu^rit nf tbi- iastrummt can he eliminated 
eithiT by double-sighting for each obscrvfttinn ur by applying to- each observation a cor- 
riHrtien determined fby diHibJe^ightingJ for thi' TitptruiiH.:iiii in itjf given condition of jvl- 
iiistmt^nL For the cummuii typi^ of tnm-dt liaviriK a fixed ^>erticaL verllier^ the effect of 
imperfect levelmg cannot bo eliminated by ilouble-^nghiing, but—provided the line of 
sight Ls in adjust ment—for each diivetion af jioinTing a eum^tion can be determined las 
iiiwcribed later) and appliid- The indei torwHrtion is ecgial in amount but oppoMiv in 
sign to the index ernir. Methodii of determining the index error (and. therefore, the eor- 
lection) are given in the fnllowhig paragraphs- 

L I^k Lr'fie aud Axijt of Tfiem^pe If the axLt 

of the telescope level not pamlU-l to the line of wgh( anil if thi* s-erti™! vorniur reatls 
ft f(> whi n the l>ubbk in cantered (Fig, l7a), an ettor m vertical angle n^sulb^. Thia error 
ran be rendered negligible for ordinary^ w'urk by ean-ful adj men! of tbri inirtruiiqi'at i 
The coniMniNl error diti' to (his cauw and to dLspIneemi'nt of the wrljead vernier im 
following paragraph l can be LiimimUecI by dciubbe-FhghHng. The imhx error dUD to ihi^ 
two rau-iesi mn b(^ detemiiiiLd by comparing a diigle reading on tiny jpven point with ( he 
niran of (he two readings obtained by dnuhle-sightiiiig to the fiarni' point. 

2, f>isp|accmea/ af Ferniiw, DisphiCement of the vertical li‘ertiicr (Fig. IThj 

ini^Todncee a cotwlaiit index error. The error can U- r('nit^>rpc| negligible by earefnl ad- 
jufltnient- Thfct t^niblncd index error due to this cause iwid to lack of (inrallelisTn hctwi'im 
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BVHVEVIN'CI 


Chi' liiu> uf 2in4 of tlh^ tc!]L»Ur<»pH? lovi^l be elipliti^tcd h^' doublL'^i^btiiij^;, 

ar tbi^ enmbiTied efror ^an be detemuni^d aa d-wcriliixi iti tbe pTTwding jiuiniifrapli. For 
a iniTU?it having h vnTticaJ vemuT* ibt^ ^rmr due' t« i][Apliuei>meni uF ih*' vi^rticid 

Vernier nloiw ean be dvtermjnwJ—provideil Thv tiiM? nf jqghf in juJjitfff imni —by Itvetin^ 
the tmniilT earefully, k^veling the telet^cope^ and reaxiin^ the veniod vernier. For a 
trtLiutu buivmg a mo^nble veftitaJ vernier with font ml leveb the error due to dteplaei'minf 
uf thi' VL<rtk&l vciiiuj'r nJoni.^ eaii lje detenniiuxl by k-\'4-]tng l>olh the level and 

tbn* vi?niier lipvelp and nwiin); the VertleuLl Vurtiier. 

3. Indiiiulifm nf rrnfiAi^ .•txiV. Fof a tnm^t huvitij^ a hXiiJ Ve^rtlnaJ Vender, Aiiy llt- 
elination of lht> vertieuJ ^7^) due to ermEUMHec levehikg uF the in^trunu'iit ite 

tnKlueh'M an incki errnr n'hkb vaTv*!^ with the idnHrtniti io whieh the lelc^ropii k puiiik'^1 
and which b equal in amonni to the' anRle threqjsh ivhich the liswl veriiraJ wmier m 
ilb^placsal about ihr horbordal aw whlk^ the ini?trujnt.‘nt is din'ett'tl tf^n^anl the poioL 
ThL-i incite error enn bo mndered negligible by carofu! Leveling of lLl^l^ trnnfit beFnre earh 
ituiling «un- that the plato-lewl huhbk^ n^niain in posiUim foriiny diteeUofi 
of poitiUng. It u not eliminated by donldi^gbtingK Fince the oondilton muring the 
error \& not rhiiiigid by revtimal (and plunging'; of the inslnjinent (sw Fig. I7c). If the 
htte of idghT and tlh^ vertiii^Al vernier asv In adjuiEment^ the index error due to inclinAtion 
id the ^^'-rtioil axis alone can be determined for eneh dirtTHniti of pointing by leveling tlu- 
and reading tile vertirol verrikif. 

Fur ik trarLHit having a movable vertical vernier with control Tewl, any moderate 
ificlination of tbi' VLrrtlral axis doi'* not introduce on apprediible error in vertical angle#, 
po'ivirlc-d the instrtiinenl b in atl^iKnu^nt and provided the vernier cootroMevid bubble 
h n^nh'jin] each linu’ an i4iM-rv^adon L# made. Oh topographic ?ijrvL>>^ or stmilar work 
when^ niatiy hurbfontal and Vertical angles are to be ubMervird. the use of the movable 
vertiE^ w'^ith control h'VC'l resulti; in a considerable saving of time. 

Settm^ a UonumenL To H'-t a KuLidiirface mnutimcnti a string is stretched along each 
of two n-ference lini^ interfwting at ih*^ smrfaM' kiration of thi=: point. The location iif 
[he mark on Ehe [nonumi.^nE U then prnk^rrted below tire ?nirfare by plimibLng, 

Adjustment of the Trunslt- 1. To Afijke Frrin-aF fluir Ur in n f'feii4C P^~ 
^Kfiditxilat Jo ihr dn'ju, .'^ight the ^'ertical eross hair on a well-dcfineiJ point 

Hilt llian 200 ft awn>% and tming thi? telescopi- thrmagh a small vertical angk-. If the 
point ap|x-ais to depart fmm the vertical hair^ bown two odiaeeut capstan screw# 
anri rotate the eross-hair ring in the telRTcopc tube until the point traverse# tbe entire 
kmgth of tht‘ hair. Tighten the sariK't™ serews. 

2. fu A/uJirc fAc Art* t?/ Kftrh Phu. Lrvd Uf in u PUtm P^rpen^Hrular to thf IVLiVfd 
Axm. Rotate tlit^ Instnunent atwHit I he vertical axis until each le^x-l tube Ib parallel to a 
|iair uf fhpfiusite leiv.ling fen*ws-. Ctmter thi' huhblea by tEk-ans of Iht' leveling ivrt'w#. 
Rotati' ihi' itiHtniment eiul for end about the vTrticfti axis, Tf the- bubble# become di#- 
jilacfd, liring them ArpffFrtiy l> 4 vlf by means uf the tvljusting itcn:w^. 

3. Tc Aiuitc thr Litif. of Si^hf PtTprndiriihsr to fAc tUrizooioi .4x*a- J^evel thi- insfni- 

iEs^Eil. Sighi on a pnint A jihaut 500 ft away, with to!e#c^HpL' normal. With both hori¬ 
zontal fEKPlions of thi- ia-^tnimenl rlaiuped, pluTige th" tf^tescopc and set another point H 
on thpOini' of #ight and aiKiuT the sanu^ away un thi- oppoidle t^kh^ of the iran^'it. 

r.'uclamp the upper motion, rutate ihii: inatruineot end fcir emJ aljout the vprtiraS axis, 
jutd again right at A (with lek^cupe invuni!d), Ctamp ihj? upper motion, Plung^^ thi> 
telescopi'' ft# iiefore; if the line of iiight doe« not FaJl on ff, set a poinl C on the line of sight 
hr^side p. Mark a puint D, orrC-^iorr^cr uf thti dislonce from C to B, and oiljlut the 
cmsc-hair ring (by mi*ftns nl the I WO opposite homoiiLal nertTWs) until the litw? of #jghl 
paases ihnju^ D. 

4. To Makr. ike Boriiontai .ixiir PfTprndititifif fo the Vfrtiral Ajts. Stt up the transh 
ewar A building or EJthrf object on which is sonn- wrll-dcHm'd point A at a consiEk-rahlL* 


&t!Jl VEYS WITH TRAXaiT AKD 7'A PE 


i- 2 n 


Vertical an^le. l^vcl ihe fuFtniu^nl vltv ran5fLilly^ tha^ pmking Xh^ wrtical o-tin Imly 
vertical, i^ight at the high point amJ vH'iih horizontal motions clamiH'^l 
thr ti'k^copo and act a piiint H on or nvar thif ar'oLind. If ihi' linriKontal axia prrpi'iiflir- 
ular to tJir vt^rtical jixia, A and & u'iji bo in iho !<amL' wrtical pljuiiv Pliin}^» thni hdi'^ 
t^eopo. mlaU' iho iiialruiiK'ni mil fair irful jdioiit tb{> wrtiflU juds, and again ^ghl on .-1. 
tk pm-Ks tho Ick'i^Copo Ijoforo; if tbt^ lini!' uf slight di«fl TKjt fnlE on St set a point T on tbp 
litK^ of hight ^K^itir B. A point D, halfway bt^tw^ivn /i and will lie in tho rtatne^ vertical 
plains with A. t?i|;hl vu f); utovmU'tht* tokwrcjpf* until lht‘ line nf edghl is bejddif A : Icmn^n 
tho fiCPL'Wjt of the Iwurini; cup: &nd rais' nr Inwrer tfu^ ndjitslablc Olid of the horizontal nxig 
Liniil thi' Ijiui of »^l|^liL in in thi^ sana^ vorl ioa] plani' wilb A, 

5 To Makr (Az A™ thf Trit^ape Paf^iHiti /o lAc iJm iof Sight. Promid the 
m for tho two-pi'K aiiiui^tmi*nt of iho dumpy level p, 1-3cinjopt ha fnllou^: 
With tb‘ lim? of Eiight^jit on l\w rod ertahlislunJ for a borizontal litie, thu corM' 

fiop in nindv by raiding or [nworlTig nne end of the telc^ropc IcA’d tubv until iho bubble v. 
a^n^T&lr 

tS. (For TmnKit Halving a Fixi^d Vi'nir*! Vernier i Tp M^ke iht Veriicai (’ifeU R^d 
irAcn ihf T<f«o(?pp S44b^ h Cmtrrtii. With the pJato hubbloe eotiton^h center ihc 
telescope bubble. If the wrtical vernk'r does mt read sero^ loofwu it, and move it until 
it read? sero, 

Cki- iFot Tmmut Na%ing a Alovablo VortimI Vk-mier with Corjtrol Levelj To .UnArc 
lAe Axi^ of thf A turdiarp /jcrff Parolhi i& fAc Ajm oJ ihe TcUsiXi^pr JLcwl IVhcn /Ar I Vrfirtji 
rfrincT Rwd^ Center the te3i4Kt>pe bubbkv find by mesiis of the vi'mier langent 

w'rew move the TiTrtiral veniier until it retwis xeni. By mennu of the vapstan screw^^ ad- 
juFt the level tulK*^ attached lo t|u‘ verttL-al vernier until ihi: bubble b. eontennl. 

Enars la Transit Work, Exr^pt i n Iteld Ast rononiy, a nu-asured afi|;te b id u ay^: eloeel v 
related to a measured dl?tanee, Uu .‘‘■urveyg of {irdittary preei*i«ioii^ H uAiutHy requites 
mueh more oare to keep Utieor errors within prewribed UniitA than to maintain a cor- 
jTvpontiing dugn'o of uirE^ufur pn'vijdoii. Ofleti ufiiiik" aEtfinlion b paid to ar- 

eUracy ill axiguljir irHiaLKtln’Ini'idH. 

/niilrtoarpElaf Emmit. Thi^ adjiUSinKiits, vw.n though frajefulSy nuuJe^ are never i^xact. 
the j^raduotiotiP are nut (lerfi'et, and the Dutitetw ao^ not ah.'iolutt'Jy Trio. 

Errnrn in Korisotital angli'i^ due to tumJuljustna-riE of platit leveb or of horizontal lab 
iH^C^oTTle larger els tbh' anglu of inclj lint Ion of the sights ilicji'HJH's^. 

NrjiiaiijtiEtnient of rbe Eitto of sight beeomi^ of conseiiiienci* only wht-ii tht' teh^cope 
Ih plnngpd- 

Errniii dut^ to iiist niou: ntal imperfert Lonii or DOiiadjuFlJntinl all in’stenuitie. By 
pnjjx'T nkithoiJh uf proeediirv, usually by double-sighting, lliey may be eLutiidiated or 
Rsiueixl to ct ih!gligible quantity. The Bysteniatic pari of the etrtir due to inclinaUqu of 
the \x^rtidoJ Bjck is eliEninaU-d by dEiuble-sighting and rt^oimEering the plate bubbles bc^ 
tweon sights. 

Perwuai Error*. Pur^mnal eimr^i artse fmm i hi^ 1i mitat ions of i Ih^ human eye ht set ting 
up anil leveling the tnuisjt and in nodting ofH^-r^atioEiH. Tfu- iransk may not la- sen up 
osactly over iltt^ ptftnt ; thi- plali^ hiihbles may not U? cenli-reil exarl ly; the vernii'r? may 
mil ije set or nwi aecuratfly; parallax may ujcLpil in focusing; amJ ihi^ lini^ of aighl may 
nuL Ix^ diitHTif-d exactly at ibi^ poiaE. 

All thi^ pi'cvomil vrtufif an- avfidiiiita] and heDVi.' i*aunot iir elimiiiattai. They form a 
large part of I he n-r^ultnnt erti>r in transit work. They ran kepi within ri-ai^>Fuible 
UmitA by care ib ob?en.d»g- 

jVntur'id iL^tws. Soorws of natural eimrF are (I) seltleioeut of the Eripod; umyqiial 
ntmoHpherie refraction; (3) unequal expansion of pftrls of the Eele^xope diic to tempora- 
ture ehangeic; and i4) wind, pnxiLiclnE vibration of the iraiisit nr making it difficult to 
plumb eurrectly. 
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In tile CETorfl rc-eulfin^ from ruitqntl raLUwiti hO' not largo entiugh to 

apprpdably thur of oniiiuify pn'ciidcm. HoWi^ vi-r^ I hi- tran^ait h wi 

on or ihawinjs ^urkti, iwir* may nHw.^ f^uio N.^li!U-iiiL-nt atoompunk-d by 

^pUiCOini'nt ntHiLit thi' voitltal lucUr 

PrvcUion nf Angular Measure ments. Many faotijiv iiifliHMiet* Lbn pn^i^lHion of iruin^il 
work, and no rigid rnSop riiti bt^ fotmiilatefi to uiymro a n-^iuind pTorLnidn. The foUiPwbjt 
vaiure in ft pji'siwnd Way, thi- oiTor likoSy lo ipcrur in moflauririg a 

horijoiilal angle under ftVK^ni^^ ciiiiditicriiri of pfaetiiTp^ iTtHlruinontH btnng in fair iromliLiim 
fuid in fair Adjustment esicept m otberwifiL- t^tated. The angular error will N* 

inalori&ily kss. Also^ ae tbo errors are largely accidental, the? re«iSlant error tn the num 
of a sK^ruaj of iiicaFiired angli.^ may be gxpeetod to vary a» iht? Miuare root of thi^ niuiiber 
of angh'i' mvuJvid. 

Cask 1, rthort i^ights^ point indicated by nmm? polo ob<foiiit-d nmr gtouDd. tiange 
pole pliimbed by eye. Single obsoiration of aaglf:. Maximiiin error 02' to 04 ^ 

Cabb 2. but orhrrai^^ ft^ slaftd for raae 1. Maaimoqi frrOF €1^ to 02'. 

Case 3. Unobtfciitod on ffcll-dn-^fined peiints; ^ightn nut irtn-ply inctined- Single 
c^jiBcrvatiron of aiiEk% vamicr rradiog lo minute^- Majcimum eiTor 30" to 01', 

Case 4. Unubwiind Higbta on wclidf^nid point fir Sighted ont jtc-eply inebned. 
Vertiiert trading to SO"'. Single obiiervalTnri nf angh* repri’sentt'ef by meanpi of 
of bntb vermervr Transit in. excellent conditLon and in good aiJjuFtmenl. ^laAimuni 
err^r IS" lo 30^. 

Ca^e 5- Aj for case 4^ but venuieta readiiig to 10'. Alfio^ ioBlFuiuent £et up with great 
care. Maiinitmi orror lO"^ to 15 'h 

Cabis 6, Unobsenred sights op wollH-dehncd points. liiBtniment. set up with gn^ 
care. Sigbtw not stoeply Uidined. Ttaniit m excellaat condiLion and adjuatroent. 
V^mier reading to 30*^ Angle repeakai six timiffl with toleaeopv nofmftJ iwid m tiniw 
with telescope invijrtcd. Meudmuni erfor 02" to 04^. 

Case 7* Aa for case 0, but transit reading Co 10*. CbservatioDii taken at favorable 
times. Maximum error Ol* to 02". 

Triuisit Surveys. The field work of surveying with the transit may ordinarily hv de 
vtded as Mbwa: 

1. Eptftbiinlui njf transit xtatloiu^ and Ilol-a by angular and Lnrar mi^aauniinimtRr Tbi<! 
transit lilH^ nnny be said to fcMm the skeblDD of the sunh'ey and are calk'd the miilral or 


hans&nfdS Conttd. 

2. Locating objects ftiul pointa with it-spcct lo the trarwit litua, tbufi fumk^hirig th*’ 
driui/ wilb wMeh I he transit llnra^ am clothed. 

Transit fntrvi'ya may be matio by radiutioi*^ frowring, irmnffalfilioft, or 


a 


Mnipc combination of these. 

Radiation- Thbt ciietho<l by itwlf is applicabk- only to surveys cov-cring small amas. 

The transit is set up at nny convenJeJit niatinn frnm 
which can be seen all pointthat it is dL^n>d to IfH-nle. 
llw' distance from the transit gftalion lu cnch ef thi^ 
pdEhts is iiseasiire4l, niid the liorixotital angle b obE^rved. 
Thr angles between successive poiiila may be nn!aann'd; 
or the trutp magnetic, or ass^umed iH-aring or njcimiith of 
foch of the lines joining the points with the transit 
slat ion may be ohf*PTV^. 

Intcraectiqn, Tn Fig. IS, let the pointa .4^ £f, f."* etc., 
rcprcBcnt objeclfl wbiih it bi desired to locate, and kt 
OP l)P a convenient line from Iwth emls of which the nrv- 
kuown pmuta m visibk. The length of the Imw.! line OP is niL-asunxl witb the tapi-. 
The transit 1h act up at O, and emglea to the unknown points arv observed; thc^ may be 
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ftii aximuik^ lui bfariji(^, or sf aiigltw l:»tw«n ffijr(?esi*ivi? p(KintP, A j^jiniUir 
feseriM of obstti^^alioiw ip mw\t^ with tliL- tnuipit %t P. In thif maiiru-r c&ch of the unkno^ 
putriM tie™iw:^ the v^?rtoK of a tftiini 4 ]r ol which the bsw? h™+ OP 1:1 iho etdc of nkcnaurthJ 
Icuifth BJiri m which the tJwreto are ohsat^n'^'d liiiJuiiA? the kwatioM of 

the unknown pointf^ arc thtw dcfimii- 

Si|;ht 4 may be Sakcti Ptintilby tuearui of (wo iran^itp acit up at oppoHiltt umlp 
i>f a liiu^ the and direction ol wbich are hoown. In hyrimjfraphic Mtrvuyini^, thip 

mt'tbiHl is usefyl for Itx-alin); soundini^-- In ihr cony^i root ion isf brifjji^^ and dama, it is 
iieed ta iwtablLsh poinTs for piert and other i=tnjctura] parr^^ that are di(Hru(t of access. 

A variation of The tneihrxl of intcraertion w the ml I hod of rfsertiaii, by TneateH of which 
ihc tranpst may m up at a Ft at ion of ynfcnowd local ion and its h™tiati dc^termini^ci by 
sif^hting on points of known kHdition thrTH>pidcit proldi'ni. j>. L Thi' principle 
of rcsoclion cmploy-lHg the tTunrir. is as rJcyK’ri>ic<l for plane table later in thw nqctiop. 

Traversing- Following * general di^wription of 
I he work of ninning a cfocerl the tranpit sta- 

lionn king t-ptol]lLFh«l in advTintaio'Oiifl location# a# 
ibi flurt'cv progTesyt^iLj and the dEPianeop being mfru#- 
nred Ijeiwcen snijcces>isivti traiLril #iatic]n.4: In Figr I9p 
kK A and B be loeatkinp for imnsit PtaHonp 

markinK the find line of a traverac- Huhp df^ning 
I he points are driven and properly iilentifii^J bygynrd 
stake#. The tranpit 1*= std up at H, the hciriKontnl 
Vernier i# set to a given angular value, a backsight 
is taken on a range p^de at A, and the lower motion is damped- Thi=- linn AR is then 
chainedH the. bead rhjiinnmn Ix^ing lim'd in by the tmnsilman- The diFlancc AB h 
recorded- The loeation of T selertedn and The l mnsil pidnt is estahlisbj'd. TTie traiL-^ii 
is lumcdi on thl^ upper motioTj urilil a fon^ighi is sccitrt'd on n, Thi* upper hnolian is 
ciampotj^ and Thi' augnlar valiM' k read and rvs^mh'd. Tb' flistance BC is chained and 
n'cardnd- The iraiiFit is moved forward tef", a harkiiighTi is iaken to By The point D i? 
chot^m. a foresight Ib taken to D, and ihf^ angle i# read. The line Vi> la ehnined. Tlu- 
proei^ is repeated for point E, idc., until th- iravenn* hr finalLy brought to cloeure on 
the initial point .4, 

A continuous, or opc/i, traverse may be run in oxurily ihi' Aaim- maruier^ except that 
cjf eoufw thi.^re is no closure. The cumulative imgiilnr ertur may Im} determined by 
lieginning and clcising on pn-viotislv [■Ftatdiisbr'ci liof^p or on long travtiw^s hy iwtrononii> 
ra] observations at earh imi!, with account loki^n of corivi^fKi ney of nieridianf. 

DeflcEtiDn-anglc Tmver 3 e+ .SuceCKiive tmiiFii ?<TQilrtna ait- occupied^ ami at eaeh 
Flat inn a taicksight w taken with ths- A vernier pet ai Kero and I hi- lekscopc inverted. 
The telt'f^or»' ts then pliingetlp ihe fort-sight Is taken by turning tbi.': instrument aboul 
vertical axis on itF upia-r motion, and thi deflection angk? is oW'rvcd. The angle an 
n-eortled us right R nr left L, acconling to whether ihc- upper motion is turned cloekwhx- 
or cnuntcrelockww. 

Flgvire 20 illustratcit thi- field notee for a porLUi-n of an open dedertion-angle traverse 
wb?re Ftafci^ ttn' la'l everj- 100 ft. 

Ariimith Traverse. The nniinuth of tbi' inttlal line of the traverw may bo nferred to 
either a true or an n^sumed meridian, i^ucccuslve stations nn' oernpiedH hegiuning w'itb 
the hue of known n^imuth- At each jitnlicrm the imniu t b orwdtfd hy Rat ting I He* A 
vi'Ttiier to real! tlu^ hack uiimuth (forw'ani aximuth zfclSO^^ of like preceding line and 
then hackrighting to the preceding tramiit station. The* instrument is then turned on 
the upiier motion, and n foresight on the following Imnsit wtation ia isecured. The read¬ 
ing icdicfttcd by th' .4 vemk r is ibi- afioiuth of th*^ forwanl line. 

Figure- 21 iHiistmtes the unt^ for u short ckwetl Msimuth traverse. 
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Sped£citiQiu for TriTersiag with Trmmit tud Tbp pTH^m-an isC tniV- 

iTSCB ifl aifcctwl by botb lim^ar otid i."iTcnni uf meaiiurt‘Tii<‘rit. Miuiy furtora 

the fjfetiifloii, mid It laLn be oiiJy m very sietieraJ terms. Tht' f^lluwinK 

Hpeeificutioriis i^ive iippn>xifimteiy bhp nurajiwiwsn liri»e-iu' arvd unfpiliLr errors to be exjJoeU'^i 
when rhe ffiatH are folbwrdr If ihv su^ve>^^ lire exeiiuted by w!l-l mined men, 

with iiiFitruini.^iit 0 in socmJ Adjuf^Inient^ nncl under tii’tmgc field csmiUtioiv, in ni neml the 
imtt of rldtian^ »hutiy nnt exeeetl haif ilu‘ specified amount. Thn ffpeeiticationsi apply 
to iravn^Fvtv uf eonsiderable length. It is ossucmhI that a stanrlanlixed tape ts used. 

f'fuju 1. Fn^cifljon sufflcienit for many preLLminiyy BurveyB, few horkantal control of 
riitTfeys ploite<i to intemiediatc scair, and for land ^mwvi when; the valuio of the land 
19 law. 

Transit read to the iK'art'St minute, lakon on a rangi; poL' plumbed by 

eye, iDeasure<J with a lOCl-fl JrteeS tafic;. iHiw ur i^iikej$ -x+t within 0.1 ft of 

end of tnpi^ SiiPpt-# unsk-r 3 pi^rcuttl dum-gank-d. t>n Hlopur over 3 perrent, ilii^taiiee^ 
eiiher measured on tlie rtlopi' and etmtwtioref nuuKhly applk-d, or memmivd with the tape 
held level and v.ith an ei^imati-d ^ftanilurd pull. 

Angular errfjr of elc#:urL> not to ese™i I '30'\/a, io whirh n m the numl^er *)( obeerva' 
tbnp. Total tim^ error of cloHun^ not to psceid J 'UXX). 

r&nw 2. Pi^-ciaion xuffirient for mg»t land Htirt'era anil for lixation of highways^ rail' 
roads^ etc. By far the gn^ater number of tnmrit traverA*^ fall in this dafv. 

Transit aiigk'5 cfox^fully to the neamt tnlnuU'. ^ight^ tahen on a rangi- pole 
ran'fitlly plumbed. Pin^ nr wtaki^fl -wt within 0.Q5 ft of end of tapi-, Temiaraturi; cor¬ 
rect ions applkd to tbi» Lini^jir inE^un<menta if the temperature of air dilTei^ mon^ than 
15^F from standiu'd. ,<lo|3e7! iindt r 2 fawcetu iListeKaided. On slant's^ ov&r 2 perevrit^ 
diatanreif either Tru^njurrHi on the ;^]t^pr■ and rtjrtectlotLs rutigbly applictl, (w mi^asuEtnl with 
I hi' ta^a^ hpk! levrd aiuj with a eat^^fufiy i^tiroalegi nlatidartl pull. 

Angular i-rror of eEcKnjn^ not tiih exei^^Nl Totnl linear error of dwutv not lo ex¬ 

ceed 1/3,(KW. 

f'/niAs 3, Pn.-i’'isiim sufiicient for niurh of the work of city -niiwiyitig,^ for surveym of 
imporrani l^^HiinJarig'S, and for rbi-^ ci.mtro| of exUinnive fo|Hjgraphir j^urveyji. 

Tranfni angk^ read tw'lee with the irunrumeni pliingi^E l«;twt'en ofAservalioiis. Sights 
taken on a plumb line or on a ranj^^- ptsh- ea.rb'fuily phitnlH^. Pins net within 0,t}5 ft g>f 
end of Capo, Tt niperature of air determined withm lO'F, and correction.' applied to the 
linear nn'nsur^^nu^nls. Slopes dfterinita'if ni^hin 2 pi>rct^iit. and evrrections ftpplit.NL If 
tap^^ Is held h'VoL tbi.' pull kepi udlhin 5 lb nf staEnlani, niid corrections for sjut ikppliiNJr 

Angular ecror of closure not So escttNl Total lira-ar error of cla^uo* not to 

^'scecd l/6dWtL 

rfrtsje 4. Prts'isiniJ suffieiimt for pniehn* (lur^eyiiig. iu fit tee and for other 4.%*fM'cially 
imrHirtaiit survoys- 

Transit angles reaiJ twice with the instrument pLungixl N'lwi.^eo it^atlingM, iwh n.-iuling 
lunng taken as Th 4 ' mean of both A and /f v^jmier mutinpe, Vemii'JT* remlinp lo 3n', 
Instruna-m in excu'llt'ni ft^ijiirtlnient. Sigiits taken w'iih sp*i'dal ranv Pins si-t within 
0.02 ft of crnl oF iniM-i- Ti-mp^^ndnre of tape tk-lenuinwl within S = F, mid correct iorn4 
appliiHl Sltifws iii-lcrming^ wjiliin 1 jawci-nb Bnd cfwrertliini* ttpiilml. If tafM' i^ held 
k'wl, I hr- pull kepi within 3 lb of rtainlarr], and enrnfciions f^^r sag applii-d. 

Angular i»rnir of cliwun;* tuyI (o e-Nmil Total linear error of elusuti^ imjI to 

10,000. 

Details from Transit Linea, The prt'eiMon with wliich detiiik art^ leeutcd dei^mds 
upon the- purptb^- of tile tfurvey. In rt'lraririR pro|Setty lim^ tin- acluid linw may ht' 
ijbfltnicEgni by hi>d|pia or building;*', ^ that t ho oclual coruervi muBt l:>e lorat^-d by tm'oinjre- 
nwihts from olher truns+it lin^?; iqjrb nieamifoim-nts shuuEd be taken with a preeinion as 
gnNii av I hat for ttw transit line. If dtitiiilB an^ bcott^i »cilely for marenuikiiig piirpim-^^ 
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xpui^m-lly ihi? irqulnK} predfriuti nif ttbL^UfuriM-iil^ to lielaitin u kw thoQ I hut for tht- 

AM obj^^n Ahc»i.iJd be cum^ily j^hown vritkin tht^ sucidi^ of tlit' ump. it 

bfini? borrw? in mmd that points caiuiot he pluttud wkhin kw tfcuin pt'rluifjtft l/lOO m. 
ThiLH, if the map flcale were I in. ■ 1,000 ft, thctv nroidd no parliruEju aihiiiil4iin^ in 
taking nieAFyrenK'ntsi clwi'r than ihe lu'arrift 10 ft to dutAibs^ hot if the mUe wove 1 in- 
10 ft^ nu-&,‘iun^ment^ i>hnuld be taken to fi.l ft- 

Angular mea^ireim^nt? to detadb aie nnimJly made with tlu’ tran^itn n ith angles r™| 
to minutf.^. Often the angles uped in mapping detaih* are entjmated to the ntanenl 05' 
wilhoul I he aid of the vernier, ‘^VTn.'re ck^taih' are lucaieij with resjKtet to !=tntieiifi inter- 
mL-Jiate lietutien Intiudl station?, often some hnnd instrument is emplo.ved to measuiv 
tb^ Angltts or direetians. 

Ltiu^nr meariun-mentP In details arv nunfr wilh thh- lOO-ft steel tiijji.% with the tSO-ft 
metallie tafs^ by inAciia^ or HnTietimt*^ by p^ing, arn^rilEng to the precision required arnl 
ihe roiivenloDCo of measuring. 

On most survey's the details are located as the f ravens is run. The obHc^rvations wilh 
the transit, mJket art mode immeciiatciy after the foresight to the following 

siatiun his been taken. 

STADIA SUHVEHNO 

EquipmenL E<]LdpitienE for inr isaring dislaiiri^ by stadia fls ilescritaH:J herein eon- 
Msis of A u^kveope -with, two hurbioiilai aiadia haim U5cs| far sigh ling on a gnnluatett 
rtMl which is held vertiral. (In EurofB^an pmetiee, a hoiiiontal rod calhsJ a S4i5- 
IfTWf bar is ultcn LCH'd, lud the homoutai ingle biitwi'cn the ends of the har is rt^i on the 
horixontal riirk! of thu tmnsit.) 

Horizontal Sights. The korhtomfLi tlistajire from principal foeiu lu rtnl U d ^ K*. 

I 


in wtlieh A" ^ M ii cuetfioieiil cnlknl the mlndia miiTPal fa^nr which for i partinjlir 

instruAimt is a constant so long as eonditiuns rt;main unebnigiHi, and jr is the tdadui 
ifiitttfd apparentLy Intereepti'd hy the iitadia hairs on the rod. Tho.'j for a horizontal 
sight the distanet! fmm prinr-ipal focus to mi U nhtaJueti by iiiukipliing tb- stadia 
interval factor by thi- iiidia Interval. 

The pdncipal fodriH is it a bxtd distanei-’ in front of tb.' objective. Tb'o tb.^ b>riEtmlal 
distance fmm n^nlcr of iaitrtinM'nt to rod 


/> - + {/ d- r> m \ 

m which the focal duptanec/ttf a constajit for a gisvn Ltutnimenl^ anci e {the distaiiEH- 
froia i>bj<v?Eiw Icns to center of instrument.)^ though a variihle depending upon 
position nf the objectivep may for all practical purpose's be raii.Hider£Ni a oonstunt. Thitf 
frpmiuja ts i-mploywl in trsnifoming stidii rvall3n|p^ tn huriaontal distann^ wbui j^igblif 
ate horizon lal and the rwi is laHd vcn-tlcaJ. 

Stadia CanstiBtH. llFiudly the vnliu* nf (/ -|- c) is dctermiiiLHl by tb^ nutnufacturer 
and is fftatrtj on the imsidi^ nf the iJiMtrtinietil Itos. The foraJ difttaniMv/can be doterminivl 
with ail n^'ctwcLry iceunry by forming the nb/iietivii on i iJistEirU poitil iivl tb'n measur' 
Lilg thu rlL^tann^ fmm the crust^hnir ring to the ubjitcllvs. Similarly a nu^m value of r 
can be di-tertnlrit;d by im-iisunng the dutance from the vertiral axis to the objedive 
when the <ibjeetive \» focuaed for an awrage length of nght. Usually t/+ c) is nearly 
L ft and under ordiEiary dpruii3staTiei.*i* may be considefed uf t ft wit hnul error of conso- 
quiCLco.. For intt'mal-fociidng teh^scopes, (J -^ c]\a zero or neaj'ly eo, 

iDterril Factor. The nominai vidue of the stadbi Interval factor K - f/i bi uiinlly 
\W. With an instromt'at hivinjE fiwi stailia hair», the interval factor can he Eieteniiiiu>il 
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\ty olHte'rvmtiiin. Thii uhueI |iroccdiiftt u set up the instrunient in & iDcaEion when? a 
horwnial mn bi> obtnicuriJ anJ mlh a tape to lay off^ fmm a paint distant {/ + c) 
in fmnt vf the centi^r of tht:> mstruiof.nt, disUuieeft of iOO. 200 ft, ete., up to perliapfi 
LOOO ft^ vUdEi‘'jf at Lho painis tbufi calobEiLHhLiiL Thi* ^ 1 ta[lia nxi in tlnija hr^ki on 

eocli of IhiC? jftakofi, anil thi* Htadiii inti-rval k n>iuJ. Thi! moan of thi" eompiilid ntaclEei 
interviJ factore w imk^n as thp most pd^obb vaiuo. 

IncliQed St^ts. Figure 22 Ultial imtcw an iHErlitvod line of iti|^t, AH ladiig the ntodia in^ 



Fni. 22. Znriitml ulndin siftt. 


tervftl on ihi^ wrticaJ rmi. Thi- harkmitMl TOmiaiooiil H of ibo JnE^lmed. diilAcitv D h 

1/ = + [/+cJco8« (36) 

which is the jp-tmml ^ciuAtiDn for deteitciiiikkg the hnn;i{mtd diatao^e from center of 
iii^l rument to rod, when the line of k inolliied. 

The vertical component V of the inrlined diitanei^ is 

V m }4KE&n 2® -h tf+ e) iftn (27) 

which is ib*^ gpoeml oqualiuo for the difTt-mnn* in f^luvHtion between the center of the 
innirunrent and the point w the line of Mght cuts the rod. Equations (36) and t27l 
are knovsn as the ''stadia forniLjIns for inclined atshta." 

PeniiL$$]ble Approiimadoiii. Mon^ apprusimale forms of the stiOilbi formulas are 
fluRirientiy prreue for must Bladia work. Generally dktanres an^ computed only to 
and elevations to tenths of feet. I'nder these ooiKlilioiis, for wide shots whenr %-erti- 
ml atiRle# are tew t han 3“p Eq. (.20) may properly be reduced to the form 

m 

But fur traviwji of ooru^iitemble bngthp omim to the systematie error introduii-d, this 
a|)proxiiaation should not be tnotle for vertical aoitliv titau laerhapKi 2 \ 
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Ovfbig to ujmLUAl reJrajctioTi and to arridi-utal incEinaiioo of tiw: rod, ote-n^bd iftndiH 
iiiltfrvalji Ana in ^iii?nil too larf??. To offfflpi tb* nywleiitatic cttvtv from tliwi' 

liourM, ffrfjuontly on surveys of ordsimry po-WiiMi thi' constant ij ^ Eieft^eettini. 
Henct! in any ordinan' ca», Ert may with suffiH<‘nt prorinimi b' in the 

form 

H “ <Hppro?c) (2ft) 

Abo for smal l Mxglerk, Bq. (27> may genertilly be i^scpqr'tawi.Hi with Muffieient preeisien for 
orcUniry work in the form 

V (SLpproK) 

Differonroti in devntian obtnlned by tiering ihb opproximAte formula will he enrrwt to 
ihi^ ni>njirAt 0.1 fl for nJiglEs* of le^sn timn 25 

Thi* determiiiatiim of horiiohtal dblatisa^ ttml difleronct;!^ in elevadoii by algt.-braie^ 
gruphlral, Or meehiUuciLl mL'tiiocIs Is toEmijetiibly ^^InipliHed by iioahing Eqs. t2ft) acid 
(dO) ibi‘ of ealieubtiutL^: honet^ ltiesi> forms of the stajiltn formulas are the otwp 
genomlly omplci>'ed. Moro dt-iLrl^' Deeumle mmita raji be obtBiitaal tdtber by adding 
0.01 ft to the observed stadia inEorv'al m or by luldin^ I ft to the tibif^-'rveiJ stadia distaD^^- 
Ka, if I hi* telpfUfope i* not of the ifiU-m&hfooii^ijig lypi?. When A b 100, the eomtnon 
praclire b to miiittply tnetualLy thi* sraiiia interval by 100 at the time of obsi^irvation and 
to rwird this stadia distanee Ks In the field netohcxifc. Thtia, if the j^tndin interval wen- 
7.37 ft, iht* Hiadia diMtaiiee te*jrded would 737 ft. 

Sotw; ia'il.rumenlft &fe equipped with a slWrd arc OJI thi' vertical circle., by nieatls of 
which hori^ntal dbtonn.-^ anil differeuceo in ek-vatlon are determineJ niLhooi n^ading 
%'ertleal angles and wdlhout lahkis or diagnuapr The stadia arc Ims no vetiiior. Fur 
Fame in^trumenLa, horifonlal distance is cumputed by the observed stadia 

dbtann: by the reading of the starlia arc. expressed as a percimCagbL For other 

instruna^nls, horixonlal dbtaiLCe h computed by iru2>frarfipp^ from the oiiseryed uLatiin 
diAtanrv- an oboervEKj curtectiuili., in percent ^ tiliM.^ t he j^l ndla dtStiiliEC. Vert icaJ di^t ance 
IF by muitiplyang the o^aserved p^lafliailj/tance by the reading uf th*'! V'erl.^" 

i&tHiiba are, oxpreai^'d aS a percent age. 

TramuE-sradii Surveying. The field procedure of locating p^^inte consisca in oLserving 
dirrrtioTus usually by axuiiuch? ami diatnnee^ by stadia. In addittmi, diffenmees in 
eli'vatimi an> detenniiiE'd either by din-ct k-velJng whi'it it h praeticabla tu do fhj or, more 
UHually, From observed voTtieal aitgEcs cuid Ftadin distances. The field party ccmsistjc oF a 
tranniman, um.< or more rodnien^ and usujilly a recorder. 

In topographic suTv^^yliig, thU met hot] may be employ td menily for tbe coltcctiun of 
tb'tails, the horizontal and vertical control b^ ing i^aiabllslad by other mimnn; or it hulv 
Fm! i^Tnployo<i for establishing control lu* welt as for iletnlla. 

If dL^aib unly are to be located, tb^- ini^trument \» ^tci up at a travx-rse or iriangulaEion 
stalifHi ibt elevation and loan ion of u'hirh ar^ known. The height of thi^ liml mmeiit 
(Hi) abovE> thif station aver which ii is set is meaf^uivrl wiEh a rod or tape. Tbe traiisk 
bf orieoti^l by sighting along a lim* ibi; aximutb of which i.? known, ihis azimuth having 
fa.en s*ei off on the horixontiil circle. Thb- uppiT mutiun \* unclamp^nl^ aiid stights ta 
di^wnd poinis are taken. Flgun^ 23 shtiws noh^s of uFi^^rvaEions taken fmm I'lation f" 
of a tnlve^^e^ the ek-vaiion of ibt! station baidng bwa previunsly ikrtemiimid as 423-&. 

Jn mea^niring v'ertical imgleH it ts eustumary, wbej^^ver pnu'tlcHbleK to Rght at a oh 3 
rt^ading cs:)nal to thi' bE^igbt uT iiett mm i'-nt uIhivc the statiocii over which tbe^ transit is pwl. 

the dcLail to o^Hterv'id tu at Eli-arly tlu.' paJne i^leVation as the point nver which 
thL*^ trafisit is Set, Ehefu Is a niaiked ad vantage Ln delendiEiirig difTeronre inolevatioii by 
direct leveling. The notoa uf Fig. 23 show that object 12 was oW-rved in this nmt]£u.‘r. 
\’\liere the requirfd precudon b not high^ tbe stadia traverae with elev-atiotuc of traverw 
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iktprmiOLHJ by verticd angl^*- and Kimim dbjtskna? ii' b rapid ur^bus iif 
hftth hojiioptBl and vt^rticBS timtrol, Th^ pmceduiv is thi- kuor? bs I hat already df- 
wrriiK'd: in Brlilitlim, vertical aiL^b'^ lire uhs^'n-ifl fartKiib [ht; bapiudeht and the furciaijsht 
frfuu t'ttrh J^tatien, thi* tek-wopK! bcliiK i?tp;ht4'^l al a r«l reiMlinR to thr heiKlit of 

iii!4tniim-nt above rtaison over whic'h the traitsit is up. "Tb' im-an valuen for a 
idven barkdj^ht and thf preredioR fon'^ii^ht are uaed in ibe ecnnpiii4itiMnuF. 
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FlO. 23. Stan-iia notM for loralion of iJetiil^v witli eJevatLcina. 


Errors in Stadia Surveying. Man v uf tb- t-rrorit in rtadb ^urvi^ving art- thiy^^ eumni<m 
tti all aimilar u^x^ratkoiiJ mvh li-'^ direct levelinR, indirect leveling, nud mi?ftflyiN:nHn^ of 
huriEonial ami Vertical angles. Hourci-s ijf errtir lu honEontal and vert seal dUtarvet^ 
rominiteci fnirn otjoerved starlift inli^rvab are > 11 ^toiLLa inlervol fnelur not that amEnvi^, 
t2} rod not siaoclar^l length, (3) ineorreet ob^-rv-wl p<ladia intervid, 14) rod not plumb, 
anti (5|l Urwqtial tiRfractlonr 

PrcEisiqii of Stadia Surveyinfi. Many faeiora inhuenre thr‘ prt eLiion of sEurlia mirvey- 
itiR, tmi\ no defiJiite i^ratemi'ol itf the prrcL-tun for n ipven proct'dEiR? r4iJi Im nnule. 
Kollowing are onlimnlor Ndii^vwi to fairly h^pn'at^niattve of ivwnil claaRt^ of Piadia 
worlt, tiiiw,* oKlin;atei l>cing fui^ed >m Eb’ n^ults s^tcureii an surveys run under a variety 
of I ioiu^. 

1. Fur side hIsocr where a slngb oiji^i'rvallori h with Mglitj* deeply inelinoci and 

with no particular care u^v:n to r EU-mn'^ the rmiV b hig plumb, huriEontal dbUneiiic may 
haw ft pn'CLHitin lower than ^i^D, ftotl kndividuftl iJifTi'n'Ocen Lti ebvaEioD noav be iik error 
2 fl or inon‘ per l.QOO fE of hoHrontaJ di^Tanct'- 

2. Itnder the oaitie i-cHiiJit inn^s in I biEt wiEli ‘Oinill vert teed nnglea beiiJ maagiiafib 
earp in appruxltmUely plundnoR I lie nxi and with leugtlia irf fight between 20(J and 
J,50O ft, the pii.*cbion of horisootal dbiiukccR should \>i* not lower than Hoo- Thu ermr 
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\n tUffiTVtikist In clev&tion per J.OWJ fl of hohioDtal duitjinec m^d not be Mort ihim 0.3 
ft if vfurtieil &iigtea mro c4Kerveil td 01 \ or more than 1 ft if vicrlicsJ ase obiipT't'icd to 
05'. 

3^ For A fApid stadia travt^rw nf donmdwrabte lurif^h nin tbrouj^h riMji^h njiidtn' wiilh 
THunerTJiiJFi hmg sriBbtfl, he\n^ meamin»d to mliiuto^ but without pn-t^utiim 

to eliminflte p^jTitematk efronfi^ the error of dueiinT may be as low a^ 25 ft per mile in 
plan and 3 ft per mile in eLirvation, 

4. For eonditiDns na io 3 bul for eountry fairly level so that nil vejrtktal naiKles ire smalb 
t be error of rloflun^ ouxbl not to e3reee<l 15 ft per mile in plikii ami 0,5 ft distaiws.* in miJes 
in elevation, 

5. For roujith rountry wiib vertical angles up ti> 15% axinU^ to minutes^ itkI ^ftamlitrcl- 
iued, rod plumhed with level, nighta limited to 1*500 ft and taken forw'ard mid btit'k from 
each traiudl tftnti onp and interval fa rtgr carpfuHy deti^ nnieiLd, the ortt>r o f elodure may be 
kit» than 15 ft Vdistanee in mit^ in plaii and 1 ft VdistaiieL' in niilefl in elevation- 

0. For mnditiona ad iu 5 but for Icvt^l edimtiy so that all vertical angk« are RmaLE, 
the error of clwnm.' may be as amall as 6 ft V^didtana^ in nule^ in plan and 0-3 ft 
y/ d'tRtancc in utJleif in elevation. 

7, For eOEulitiami tiF in 5 but stadia Latervals determined by use of a targi^t rtwl with 
two tarfprbt and observations made during cloudy daysi, the error of closure in plan should 
not LCtceod 4 ft V^distanra.^ Lti milea. 

TRIAflGULATIOK OF ORDINARY PRECISION 

Claasiflcadoii, Triangulatiuti aVEtteroi^ are claf^hed according to (1) the averai^i! 
angular error of closure in thi^ tiiangJi.-E^ of the syek-ra amJ C2) tht^ discrepaney betwe^^n 
the measumil length of a baK(« lint and it# letigth as ccimpute^l through the system from 
an adjacent bftM Hm?. Trifingulation for thi.^ oEtensive surveys nf the Unilod StaU^ 
go^vrtinn.mt i^ clanniBLd ua foilo^-v^ 
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First- and ist^eotid-ordcr tnangulatioii xvuuiiv miL>^tbrjds of high prerisiun not ofU'Xi 
ni:'eewar>- exeopl on very exterwive nnrvcyr. Third- lUid fotirthHjnier iriangutaiiort 

rvUiiifv methods of oitlinaty or low pn^eisiuii, 
Mjfhcienl for control of the iisiih. 1 intomiA- 
diate and largi^feaL^ surveyw of lltniti-Ml an^n. 
The du^uMton hendn giitierally prii&lmf to 
triangulatioD nietlKsis of ordinal' preeiaicin 
for purveys of limited uxtent. 

Triangularion Figiues, !n a narrow tri- 
angulackin frjTitcm a chain of figure^ U em- 
plo^uMi, mnHiPting of palr^ 

gfMi3, ifuadriiiiicrtjii^, or combinations of ibiw 
figures. \ wide ^rtem conaintfl of joinilar eamhinalionPH irregnlarly o^Triapping and 
intermingling w that «?vi>mJ raijtai eXiaL fur computing the length nf triangle siidtM ami 
the hmgth of each haiie line from an adjacent baac line. 



Fco. 24. C'hain of i&EORle trittngl^- 
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Chain af Singit Tn'tinfllej), In tbe riuiiti of fciLd^o Icwigk^ (Fi^, 34 ) thoro U but od& 
Asute by whkh (iiiitAna*^ fan be coni(mt4Hi thnniRb thk^ ehiJn. As the mm of tbe 
ureil Anisti’,-; [n mch triiuii^k norniAhy w\\l not shqiiaJ oxibelly SSO^ the ans iuJjui^t4'd 

l<> salij*fy thw rvf|UiAiiiM^jit liekiro iht^ ihsittnm luv oOMpuled. 

CAoin of Paltt^nM. Iti t.riani^IntianK n p^slyjsnn nr ^'w^filraUpuint Kpire" m rompoHed 
(tf A cjf trERfi|t;li‘fl, ik- ]^roup being tMHjrwiE^I by ihn^^ or mure ^ides and having 

witbjQ the figuA- a irifingulatinii esEation &t » verieii c^iniPHi^k to eJI the triang^i^r 
25 illiL«trat4'S a rhain eompoftwi of & SLK-sid^Hl iKsli-gon EGJKIF^awI t wo fivofliijkwl pa]y^ 
gotia. The SUM of thn nik>a2Tum:l angles in earb tnangle of tbe polygon ^^hould equal 
ISO"^; nLio, the sum i>f the noRh^ ab^mi ihe wot cal p^flut ^htmld equal Further, 

thi' ieugtJi of any i^ide may he moipylsil by two pait*^, aoti (k-ee I wo eomputed length-i 
shfHjIU agrt-e. The i it’ife rved aiigJw in eiieh |iolygon art* so ucijusttHl that ihi*^* ihAs* 
eoEiii it iua^ exiirt. 



C^irtiM of Quadrilalfrali. A quadrUatenil difers fmm a four-stiled polygon in that there 
j* no triaogulation station within the Egufe. In Fig- 26, euusider one of the qundrilat- 
oralfl, a* ACDB. The nWMured angles give vaIw* for four trianglea ACB, ACD, ADB, 
and cm, in each of which the aum of the angteA ahould equal I8D*. [n addition^ the 
length of any line should be the same when computed by one route fw when eompuM by 
another 

Choice of Figrirf, The ehain of triangleg in the simplest but dow not afford «□ many 
ebeekf the otbT forms; henee, for a given pn-eLnion the base lincia would noed to be 
placed cUxt^T together. Tk ctiain of triangles is satisfactory for work of low^ pn^cinion- 
For mom pmel-^e work, [generally quBulrilaterafe or pcdygon^ an* ueed; the qinhirilateml-^ 
are best adapts**! to lung narrt^w sy^items, and thi- polygons to wide ayjitcms. 

Strength of Fifiure, I n t he t riKOiiunn^t rir c-oinputations i if l ihuigulatiuti. nearly alwa^is 
Ihv HICII* funcliuii is UMii, Aa fnr a givi n error in anglt- thi^ vtnyr in rtlle k rvlatlVxdv Largi* 
fur anghu cieiir 0“ ur njiglt's in-ar 0" iuilI 160® an? miifi^aijraiilL". 11 has betm found in 
practitv thal siutiafartory n-ndts can Iw st^eured for mosi purfMUH-s if the niigli's nwd in 
ihf irominiiaiwHM fall N tworn 30“ and 150“. Hiiwevvr, many angles ineasun-d in thi* field 
are not in iMnHHUing the length of tin- sideti of tbi* sysit^tn. 

An an uid in declining w liseh uf sewraJ altemntive figuns (nr obiiiw of figures) k lo ue 
used in (riangulation, tk* n laliw sin ngths of the Rguri't^ enn t)e deterniineil by eomputa- 
tiorw hajH'd on the jftie of I he alight, rhi- nuTnIa!r of dimetiune to bt^ obw^r^'ed, and the 
numbt^r of gt'onietric ciHidilk>ns that mui*t lie satishnl. CniiHidenitirw <if ecofiomy 
Aometijneif rtmder one figure tnmt' di^Kfrable than another even though it may ho the 
wi*aker of thi': two. 

The relative Htreiig;th of figure can be evaluated quantiUtively in terms of a faetoi 
H biot 4 *d nn the iheocn* of probability ^ the lower the vnJutT of R, Lhe stronger the figure. 
Strength of figUA' h a faetor lo be conKiden^i in establishing a Iriangulaiion system for 
wlueli ik-^ cThniputatiuns ran be tmunlaiiipd within a dimned deg™? of prerkiun. Fur 
example, for tbird-order triangulaiLuEi it k sk*sircd?le that R fura aingk! figure not exetwd 
25 and that R belwtwn two ba^tt line# nut exwed 125. Jn sonu* castw it may nut Imz 
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raerfwwrj’ Ui cKrtipy all ibt- nliilifia*i of ihi- ^wtctti «r to obwrw nil the liiK* in both 
dijvrli(jiij>. Furtbpr, by tru^iin* of <?ninputi'fi of fiKiirv, wJu-fiwillvi* route# of 

iHimpoitAtion (rlinifw of i‘k'ffiA^ritftl trimi^cfl) mo tw' and thp he^ ehoet^n. 

Tlwy follo^mK brief tn^atnH^nt the eiwenfiid rrlaliotas for efimputing R- 
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» iiuioLmt of roiidkiumi to sutikihi^l iti figuiv. 

- total number of Utum in fijpirt', inrluiiiOK known Iuil. 

* number of liiw# ubiervi-d in both dinpetiooH, iorludmiK known 
Hue if ol^ryeil. 

“ total numbcT of fflalionn. 

= numbiT of ori!ijpk>d ^latjooa. 

numhiT of dinjctiorw obtservotJ i, forward and/or hftrJti, ex- 
rluding thcHf doo(s known liii£^. 

« ruT'iieetive Ins^thmic diETen'iieL'a of ihi? jiirwHt exprowird in 
unit^ of the akih decimal pinto, 001™ponding to a change* of 
L #ocond in the '^dwtan^^ anglsrii^'' A and R of a tiianglo- The 
^Ibifanre angk*^ an." tboH- op(xi«Jttj the known «ade and thr 
aide requii^^i. 

Auznmation of vnlut'S for the purtioulai chain nf triangW 
through which lb* computalion i# carrttnl from the kno'M'n 
line to ihe line rtajuiretl. Valuea of {^a^ + *4^3+ 
m Iriangle am^ idven in publLribxJ tabloa. 

C = in' - + 1) + (fi -2^+3) (31J 


R 


—jj—+ ^4% + 


132) 


Ba££ Nets. In practice, for oconotnic rf4UK«i# usually tJa- hfli=*> lirw-ii ari' much nhorliff 
than the av^-mip: length of the Aiika of the t riaagle^; in the muin 1 riangulation 
fn order lo obtain tbi^ n^uired pn:ifl#30ii in tb- computed length of (hr kick's of i he nuiui 




Fin. 27^ Ba^ nete. 

triJiJigli^, it i* iKsei-AtAr^' to e.T|)iiTkl tb» Iwiw^ ]iiM> through a group of nmallor triangles 
railed the bonv ncf. Fij^re 27 nhuwK exampki^ of heufe iiCIe affording quick aruJ qeciiratc 
cxpariRon of thr line to the lunger e'idc# iif the ^yntem. In tiTangidAllon of onlinar^' 
preckiioii, lauie linen are placed peffaap«^ 20 to (iO trumgle# apart, the durtanm depi^Ading 
no the ntrengtli of the Egunio. 

Methoda The work of triangulation eomi^ts of the foUowing atepa: 

1. ReconuMRrance, Ui sdc^t thelomtinn of atationnH 
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2. Em:tioii cf wunatn ami, in mmr^ reu^irji, trtpindj^ oj- tclW^^f? for plq-vaijn^ tbf i^ignalfi 
^cJ/or iho iftjftnmurnt. 

3- of unglt^A I Biding of 

4. In numy si^rronoitiLCBl obt^tTV^tiaiiA at ohd nr mun? tiiong^ulatiDn [xiiDta, tn 

ordi'r to df'tf^miLiir lhi> Inii:' tiii‘'ri[iiiLn to whirti oiiintiilw ftrp refe^rredr 

5. Mifo^ionmli^n t nt lumv Ucll*^. 

OimpotJiliotka, LnclutliHg iuljujilm^inl ot thi- ob^^rvatiqn?^, thi' CoEUp^UtatioJi of 
tlM' length nf mrlir uihJ the eompUE^Tion nf ihe mnrdiiaAti.'fl of tho irtiLtiurL^. 

Iferein the rk«rnptEuti of nu'-thorL? will be cnncemed prindpally with trijinguktiim 

nrilEEMTy pn^frunoji, nimi^pcifniinR rroiKlily to th(‘ upjhT of ffHimh-onlirr tmngnlii- 
Eion- Triangu^nf hm cit Ie>w pn^runon diffi^ra from thjiE lyf ordioai^’ pnwUion m the fuitow¬ 
ing EVfptrt^!: TI«‘Ft‘ tfi prartirftlly no riHr^>nnmjfts?Ln«^ mu I oflt^n fin- ^tAtiOEyt an' MdtK-lH 
as the work progit^-i’. The Ftatjon.^ are marked with a pok\ or portaf^tii IHihhI. 

Thf liwc liiu-AATi^ nnW'HriNj hy tJn- onciinary niHThfhid of rhainiEig nr f40EULtiiih:^H even by 
t'tAilLfl. Thi.- angJiifs nf thi- Eriangles nni m>t netiiwiarily aiJjuHU-d to navi the known istH> 
EULtrie mid irigoDomidno coTiHJitiorts, No com-otion i^ maiio wbt-Ei tbe iEiintninamE ie 
nol fvX up exactly over The station. No afttrononiical nbgeri'atiDiut an- made. Often 
the melhmJ of graphical tnangulaEion wTEh the plane table m employed (p. l-52k 

I^Komiaissance- Thf- rhk^f of I he ptuly examinw the terrain, ehueding the picwi 
favorable t<Etes for ^ratinrur. fn Ehli? nmm'ction an? ojn^denxl The numbt^r and ^hape <if 
thi' triangle#, the tEitervidbility ami ftfei-^wibilEty ef sTaiion# and iht'sr UM=>fulm'7f.'« in latiT 
work, thf^ rwil irf nec«war>' npi^nal^, Eiml the ronvenEenft' of Lin^^fuie mt'a^iircnu^ntn. 
AEigle#and dwtanw# to ftdjaffljjiE fiiarjnmiitre mughiy dvtvrmiDtd—angk*^. eithordinvtiy 
by Lim- of the priamatic roEnpaj^j^ or jsimllar bttnd iiwTruinent (jr gra|.>hieaJLy by ii#£‘ of ihi^ 
pliLLH' lafile; diplaneii??, either dirertly by paring or odnmeter or gmphieally by mw of tlie 
plane tabhs Existing lUEijif: an* a gn-at ai^J ir^ n'«Hkrirtiiii«»anfv, 

Stgnala and fnstrucaeqt Supports^ At an imrtrumenl Ptation, it nJt'si/abJe to have the 
rignal of a type tlud wfl] (a'-rtEiEt pEacmg the iiu!tninu.'ni din'otly over the ^'tatEOEi when 
angles an* t^i be In a Hiuutl triarnguliitioji i$yKlein with irunigk* j«idc:# OEily a few 

hundn^ij fiK>'E in L'ligth, portable N^lgluil# rfuch or |Kile# or light IrifHHlK wilh a pllEmb luEe 
may bt^ Xind. In Jari^^r #y><Eelua^ gvtk'Taily I be ^IgEiaJ in a pertnom'nt tri|HK|. 

Wheix* ibc iiut tmnk^nt Eiiti^l he elevated to titKMiie vunbilily, a mmbioe^l btifierving 
Eower and Higiuil may be built. A central tripoil ^pporte llu' iiiKEmnn'iit; anuEnd this 

a tbnv- or four-^^deii Flnjetuif^ KiippiirliEig I In* plntfijriii ii|ion whirh the iilatE^rver 
Kianibt. Thus the inrlnmu-nt tower U fm? from the vibrations eatiHxi by moverm’nta of 
tin.' ob«^rving giarty. 

In oflditEoi] to the rmjor from wbieh nl:i#j-rvation# an* luken, nften miaor uln- 

iimtft for knad i‘OfitEt.^1 tvinblinhi^f] by nh^'r^^alioEi# from ifw majiir KtatiuriK. Alionr 
Ktatirjns tnny be SEgTiaU) en-eEtd al dt*i*irable brationt*^ or they may lx- sueh obieetp ax 
h?rM' IriK-x, Hpin-s, fiagHEaffn* aEid chimney#. 

"^Tbi' I line for oh»;rving is in the late afli-rnih^n nr at night. For night oliKt'rvntiore® 
mi elect tie hunt? l- usixi ax n -'<ipniL 

Angle Measurements. For iriangulalifin oF inEemuHliaEo pn:‘dxionH usually the nfigle.-i 
in the system are nieasure^t by mi-an.*^ of a R^ptintlng thi'odolile, which if of AinFrieaii 
manufaetun- is simikir in general riesign lo the ordimry mpneefs tranMi hut is of larpn 
siai-! and iif a higher graihi iif workmanship. The hnriinntal cirek* is 7 or in, in diatmter, 
MuJ m mfno nly ihe verniers read to 10'. For Lriongulalion of ordinary and low' pitvision, 
the ordiruirj" trariFti may be uxid^ 

In Trmnpilatfon of ardinary preeisioti^ angles arr Im-oaUtwl by the method of TO pet i- 
tiim, thi* number of n^p^ditiniis oJid procvdiufi' emploi’ed dep^MidJiig on the n^quiti'ij 
precinion. Tbi' iiifll niiiMmt, S4> faj' os posHibk\ sbould be probvEid from auD and wimi: 
the nir xhotlld Lh' eknr; nmd gn*al CaUY^shciuld lie taken in set ling i||i thi" iruit nim i-nt aoil 
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in In inwijfuliitiDii of low prociriioa. the juiickw HP* luually dpulil*.**!, with ihe 

telescope pluuispcl betwe^^ii tcw^a^^urenientM. 

Tf precwo are to bo oblulnL'd, iht^ timtnjrcn ni imlftl tw' maiiipulflted wilh cttn'- 

Tbo plftle butibkw shrwild Iw kept f?£niort*ch but the k-vehng nort slumid not be dL^ 
turl^ed except bo tween n:iR'tiiioiiH. When luming on tb' lower iTHPliDr^ the Hthrmhi 
lie in conlart with the kowt r pluio: w^hen tundiiK oti the upjH-r motiiJii. tbry sliould he m 
ountftct- with tbi^ up[jer plate aJid ntU iW lelowMipir. Th^ Iasi pisUinii th*^ tai]]^^Eii 
sctewi^i ilhtsulil l*‘ Clockwi^^ or aRaini-l ihr s.pB34wiii^ spring. To idimiiiate the olfi^cl yi 
twist in tb- inptui after each n^pt^litloii ibt^ iiistminenl shuukl Iw? retati^ on iI-h lowt-r 
TiKitioii in the same tlifoction \n whith il was mrEibsd on its upper motion. That h, the 
tlin^tion of n^ovenu^tir is oilk'f el^Jckwl-it! ur eciLtnti^relockwwi^ Owing te the 

poNTtbilities of unequal settlcmi^nt i/ the tripod mei to uneciuaJ +'spiiiisioii of the parts 
of thi^ telirwnpts it L-^ desirabk- that the elmTvntionjc shoukt b’ made as rapidly is 
oinsiateut with can,'ful work. 

Azimuth DetOTtninttifliis. In coinpotiiig tb* niurditiates of triangulatiirii station? a 
meridiati of rebr^nec- Cohher true or aSf^unu'tij is u-^al, and asiiDuths oF a£l lims in lb? 
syrdcm art compuUal fmifl com-iei^ atigk'S. For an exti?hsiw sysTem the ri^ uwridwk 
ia employed, and account must be taken of t he mtbvergeiu y of meridmus- The direct inn 
of itu* true meridian ur tb' true aitmuth of any hne may \h- determimal by aal ronomical 
ob^rvatkins or from rcf+ renci^ linm eslzdiluheti by KevernmeDtal n^mcHw. 

Base-Line Measurement- For Eiase^Iuie nw.iv.'^ummfintj' of ordinary pnvisiun eitbt?r 
the sttsi] tapt* or the invar tape may lx? efnplnyedn hm for mi-asurements of hieLti'r 
cisinn the invar tnpu w alwa^ns used. For kmg UiP*} such as are umtd m an extenMvL' 
trianffulntion ayato^m, often a "doEig'’ tajxf (length 50 m to 500 ft) is used- It ia ilivimhle 
That iKl' tapn" lx* *<tandArtljzni under thi? eoiiditioiu of EeJn^iion and support thal wSlIi he 
employtxl in ihe lu?ld. 

Wb?!f the line is dong a pavud highway or a railtoud, usually miwureouints an* 
Iiuuk with ihL' tnpe fupportial ovrr Sts entha length and at a tiiiH? w him I he tomperalut^^ 
uf thi- supporting surface (highway or railJ is not appreciably different from that of the 
surrounding air. 

When* the hafe line L‘^ over uneven gruiind, eiid suppcirLs for tb- (ape are prnvidib'd 
usually by ijubstanimi poets, piThaps 2 in. by f in., driven firmly in tbu ground- Thi-se 
an' placed on a transit Ime at Intervalfl of one tape leEigth, nrcarly as can be determinid 
by rareful preliminafy' mi-asurt^raents. A strip of copper or zinc taekud to the top of 
the |H 3 ist to receivt' ILh* niarkinjp:^. Profile bvt?lHi nn- run over Lhi^ t<pp of the icnlelcf- 
niine the gm/SH=-iU frem fsist to pfwt. 'IIk' tap^ is iisimEly supported at one, two, nr ihnv 
|Hiints b'tWHi?n tta* end Hupport.^. intt^niii.d iab* pointsi }uv placcnJ accnraU'iy on 

lb’ icjatie line by driving nails at Knule tn stakes placed nn liix' at tb* proper intorv'^nU. 

Thi^ iX^uipim^nE for basc'-line measun*trxnt inrludes at least uni‘ slaJifbrrli^il tapts 
Two stt^^tche^ fl?'v'iK‘s for etpplyinR Eunsiori, ont' of whieh i?equipped with a spring baiaEite 
or a w'eight and pulley: two or thm* thenuoEneters; a fimily divided pocket scale; di^idertt; 
HJitl a iiwkine awl or neiiJIe- 

'fhe party ™ie?ists nf fniir to rtUt iDOn whufx* dntlt^ are ilidicati-d by tb- folkiWlElg 
descript inn of (lie procedun^ The^ pn^jwr tension is appSii*d to the tape by jw^ans of I In¬ 
st r^teb^r?, with the ^fpring balanix^ at tb- forw^ard i*nd uF the tajx'. “^^'iTen the nw imd o| 
iLw tap^^ h oljserred Ut euiudde with the previously enlahlisbctl mark and when the 
pro[XT tension IS nppll^, the pfisilinEi of the forward end (if the tape is marked iiv a fine 
lints ejiipavid by means of the awd nr luadln on the metal strip en lop of the post. Thi>r- 
mumeEeniS fastened to tb* tape, one near raeh end arid ifcunetimes one near the tnld-tmintp 
on- read at the instant that tb^ mpi* lengtli is fimrki-d on the- Forward post. 

Tbi- tap*- is I hen (atriid fnrwitni withiiui la-ilTg alleiii'i'^i ti^ (frag on tb* ppi^umh and the 
pnii (*^ is n'laaUMl. Aft^r a few ukiasUmtlicnts^ the i rnl of I he Ixpi^ wiLl pivjbdily fall 
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iH^Viiiid iir phcjrl cif lhf» litiiLlfi nl tlir liletiit ^trip iIk- txnl farAuiil Bjcc-iardini^yt It 

be Upccw^ar^' td l|w iei baehi Ut Mf f&rwardii whieii nrc tl>pA 0 l|JvJUolilii 4^ H:£ild.ll dii^ 
tiling mjidir by iiii''iini4 a 6ne|y div’jdpd anti it pair nf dividvrA Tbit rdll^ 

fiitinna mi^HKLirPFni^iiI an* in ifetiiil, and niitfw art^ ki,*pt m ibt^ fii k form; 
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Err&rs; Corrrriwpw- Tim vaiiuUiE tsrtOHi and rorrectioTis ill onUnary inraimirfmpnta 
wjlli thi*- tap* are pn*viom;ly homii. Ill the moajurenufnt of base linoa the 

nf U'tnp'mt uro i» lb** tnw^t sourre uf 4Tror; in mure pn^cbe w^rk it la 

L-u^toimiry lo mm an invar tap* and to mraaure ibi- baat^ lino on cloudy tiay» or at night, 
whtin tla* air und iho ground are at tnw'ly tho riajm- lompt+rat tires Correetions arc msjile 
for length of tap\ trnip^ratun*, and >Fkip*. They are al^o made for sag and tension when 
conditions of use moke ^ruch ciirrectiuua oereasaiys Errors due to impi^rfeet marking of 
the I ape lengths on ihe uietaJ 9tnp5 are reduced to a mimmum by careful mimipula- 
tiori, f 

HpiTifiatiiani. For a ba^* line imt thiui ^ mile in length measured over um-ven 
gnuind, saiisfiirlory resLilis far thlnj-onler tHajigtiliition wll:l la* ^ihtainisl ufKier I hr 
f^jHowing spi^riheatinns- Tht^ tap* ^hatl bc^ stabiiareJiKed by the BuTvau of Standards; 
I he ln^■ai^ teEnp^raturv of the tape Fhall be d^itiTmined within a maximum error of 3"F; 
I he ele^atioins of marking pu^ts islial] be determined within a msunmum error of 

thS ft; the tap shall be supporter!, if pos^ihk*, titkler the same conditions a^ thosi* exii^ting 
when it wae slandanlized: the tendon of the lapn- shall not vary more than 2 o® from 
llie staiidjird teitstoii a^lopted for tlu* work; and the erjror* In marking shtdl not exceed 
O.OfiS ft. 

rr tiu* line is iiieasLiri-*ci aJong a pavement or a rttiirowi I rack, thi* foreguiiig eonditinrts 
will apFdy exetipf tlial tbii p-mibssible variation jn tension may be increased to I lb. 

For basi* of lower pre*cMon. coEresponding mndifications may be made. 

Jifeductiori fo LmL Ft is sometimes ne4x=*sfii*ry to rudtire the length of the basi^ lirk- 
to ihr Gi^uivalent t^-ngth at mean eea level. The rem^tiork f‘i to hv suhtmeUnJ from tFh* 
aetiiaJ length Is given by thf equation 
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ill which L 3S the length of the bare line, .4 is the Etu-an altjtu«ie of thi* Fjasi* line aliove 
st^a k'Vfl^ and ff is ihtt mdius of the eitrih (mean it » 20,SS9,000 ft, log R m 7-31 !i^V. 

Iteduction lo Center. At rertain triarigulHtion stations it is iliffisnilt, if oot iiiipossibk% 
to place ihv instrutm^nt v^=:rlreally beneath tbi^ obji-rt which has ta-eii olea*rvtai fr4jni 
iuljaeent sunt ions. At such a plafH*^ the instruniciit is ret tiwr any convenient point 
ii™r the princi|Hil slat ion, ami anglw lo the iid}aot>nt HtationB are measured with tbi* 
same precision as olth-r angh'S in tb? pyplem. Ths*si» anidc^ will not be the same as those 
which would ta* oliserved if the instniuib'nl were occupTiTng ihe exact location of tb* 
main station; to 4i4itain the rtirrew];iundi£Lg niuiii-^station valui?, cf^rre^ctions are eoMpuli^l 
ami applied to the nN-’a^ned angitis. This procedure^ of correcting the tibwrved atiglt.'s 
rtiiuctimi fo rcjalcr. 

In additkiEi tti Eb* nv*asureim'nl of the angles to adjacent stations, mea-suienumts are 
niaile wf il) fhi- distant* freim the iiLalii stailnn to I hi- station, and (2) the 

telockwisi'') angle al the iseupiid station Fn^twi^ u thi- nifiin sialion ami an adjaCiml 







1 -^ BtfRVEYITiC 

Ftollon in iht Thi aituition w by Fig, 28, whtw f) n>prt« nt- «l n^in 

Matiun in thr dyjrtcm OAfff' A ■‘ftJ T rejin^uli tlw pflint iwupied by the- ini*lrutiijait; 
the- diRtiiin^ts rf HiHi th(- ATO are nu^ujured, Tk.^ leneUia of «ll ^4d^w in tk rnmn 

nyaU^m,, aa, Tor ^jKBjuple, • S,ft59 »n’ 
knowQ appftixinwitely fruni ihe anuli-;? that 
XvLva been imiM-uml ftt the fttaliana A, 5, 
£>aad frwn tht+ knciwn sddia AS, Hr, etPr 
In Okii triangle AOT, ik T ami iHe 

two eiiii'S anil J art' known; bea«i, fk 
ttiigSt' ean lE» eomputccl. Tbb nngie w seen 
to fie th& diffenitiee m diir^ioit nt matiim 
A betwtH.-rL the Hnefl AT and AO. Thiin'rdn% 
if the dduetion (nainiuth) of AT w known 
with nsspeet t® any reference ineridian, the 
direction of AO wnlh rtspeet to the isame 
ttxuriduin i^n be (computed. liktiwiBC, the 

dirMtwne of tht iin^ ifO. CO. and £X) can U- found; *n<i fln« ^ 

n=r<.™d to tbt‘ Mnv t»=ridian. itw correct aiis1pi= at O beti»i*ti th«e at*tiM» can br 

iktermlned. 

The vaJue of n in triangb AOT is given hy the equation 
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anti %ncc the angle is a 
value a{ Si will he given in 
ihe mm of 1", odf 


small angk for wlikh the bs nearly t-qual to the mrc, thi^ 
i^eonik of are If huth meinber>^ of the equation ai^ dividifiJ liy 

- *1 y (aptiroji) t3i>J 

sm 1 It 


rt will be noted that d/iln T i* a coneUnt For n gitvn *tAiLoa, ho thut oa™ hi value 
hft» been determined the flucwMsive eornHslion nnitlce Xi. Js, isir,. ejin \k ni^puted by it 
ringlc tnuHiplicatkin, Binw the wrreclion Hnglee are upubIIv Mindil, The Klide rule wiU 
ordlnarilv render vulues eorred to swiiini*. 

The Method of com.*etiiig nt^glH' for which one of lln? sighte li^ Im h to an .-c- 

centric aignnl i* the Bimc sfi t hat juiit deecribed for an ccccntrie LiL'lniment slot ion, 
Correetioa f« SpherwaJ Eawia. HinM the nn-aj*ured Riudes are spht riml ansLe, each 
irianzk' will eontain more than 180". The lunoimt greater thiin 180* ia U-mii'd ihe 

fjrt« and I* nbout I' for rwrh 73 Ml milw .Tf ati'H or irihJtgk'. More acctimu-l v. 

g i (1 — <31') 


in which S - ipherical exojHit, *iW[ida 
□ - areap sQ mill's 
* = lElitliJi- at Mauler ijf triangle 

ii)g ^ - 10 

ifigT - 

It ID cW thiit TiQ eurreclkiii (ur i?ph®rieal eK^W5=< will be newB?iary unlcj^ ibr triangl^^ 
are wry large, and then only in the tnost preeire work, fhKH-third of the correction w 
DuhtracteJ fruirt eaeb of the Angles, 
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AdfufltRicnt vf 4 C hmin of TiiuigJ^e^ A chMn of truuigjcii in adjiut^ in twa 

ilMhvf ttiaiinn adjwftmr>\t^ to mako thr sum tjf the w^nglm about eaeli point 
360*: luid rht^ ,%urr lo make tb- flum of ihiy thjwe imgk» in earh trian^fc^ 

^ua\ 180*. In tmuiculation thewe two (uUtiE^trneiita luv imdx^ in one aperation 

by tbij initho^l uf kaHt Miuanw, but the fcillowiri |5 B|iproximiite elution yiekis results 
HuifictentlT pn*ei-e for mnsl: of tniin(pjlrttion of nnliiutrt" po^dkion. 

To nmke tbe mm of l\w ajsjfiiw bIhiuI wieh p<sint equHJ 860** die obw.‘rved angles are 
odiied together, fliifl ibt- sum w subt ratted from 368*, Tbi' ohnyltijig dMerenre is divided 
by lbt‘ nuiohMT uf auides, and tb*^ qaanlity m found is iiddi^i aip^ibnueBJly to eaeh angle. 
To make tbe sum of the angles In t^^eh triangle equal 180*. a -daiitar pluji is folloiml^ 
using the angles ohtakked by die si at ion tuljustn-ientp i.e., tiu' Llms; ani^lea of eaeh triangle 
an* addid togi'iJier, and their sluh ie jFiibtraeled from 180*. (JuL'-lhird of the differeneo 
Is added algebraical Sy to each of the throe angles. 

ThL^F method of adittstmt'iit asstinws that all the angles were obwrvod Ln the Hmm way 
and with thi- same prr-ciffioii and is applieabli- only whtm Piieh U the caje. If certain 
aiiglefl are measurtHil with a higher prociPion than <wrtain othera, ihi^ method may be 
modifuNi loadily by wi^ightiEig the ohsemtioiis of the sev’eral witbin the system. 

Adjirntment of a QuadrUatenl, In tht' ngure adjustment of the auglfw of a iiuiuJrilHt- 
eralp two cemilitions are coiii!jdered! d> the tfajoritrfn'r rmdiUon that the pum of the in¬ 
terior Hngtes of a pla™? rectilinear figure is equal to in — 2>l80'p in whieb n is (be number 
of rides of ihe figure: md <-) the friffnnorFtfffrV rewdihoFii that in any triaogb the sines 
of the angles an^ proportional to the leugtlw of the aides opposite- Firat the station ad¬ 
justment Is niiide; then the giHj-metrir condi¬ 
tion in satijifitid by adjustment of the aiigtes 
of the four overlapping triHngles fonniiig 
rih> ctuadrilHtenil. Tb^u tb- trigouimu'trie 
condition is ftatwfied by u^iig the udjustiMl 
angli*? to eoEDpute the length of an unknown 
ride of Ihi' quiulrilat^'ml from that of a knomi 
ride by the four pt^sslbh? rnuu^. tbi‘ angh'^* 
btnog forther adjusted if necessary to make 
the Length of the comfPUUHf ricle indept^ndeul 
of thi' route 

fifoMjWftr roadinow. Whei] all asigh^i in n 
{|uadLrilateni1 are meanuredp there are four 
ovedapping triangle?. The^ii! art' phown as triangle? A.HD^ and j&'CO in 

Fig. 29. In kwh of tbjw triangk-fl, the sum of the three angk^ ioiihI bn ISO*. 

lietieop from thi! figun^n 


ISO' 

(371 

Hi+/+tf +A - ISO* 

(38) 

ei+i^-e-|“A - ISO’ 

tm 

-I-* +/+ff - ISO" 

(401 


Also, the sum of the eight kitEefoii tmglii- in tlw figun* must equal 360% rince they form 
the interior angk'fl of a rlnai^ figure of four sides, Tbl-i may be derivx-d Jilao by the atidi- 
tion of Eqa. (87> anil {38S or (391 and (40). 

u + i + c + d -h e +/ + i? "h A ^ 360* (4i) 

Further, edjire thi' upporite angk-s at the kten^tetion of the dLagonalp mmt be equal, 
U rollows that 

6 + c = / + g (42) 

d + a « ft + u m) 



Fto. Adju^tinenl nf a qUBjfrilatej-al. 





l_ 4 |j aUS^'EYtN'G 

If my lhn» of tlifisc seven e^uAtiona art sstUfind, lh« otliEr four must of wjcuasity hn 
(ilito. fviwlioM )t (42), wid (43) Are ttic on™ isoet convemenl to u»e. Thr 

fotlowinR proeedure ia atigjpsrteUr ... . i. vt_. »„ 

1. Moke the sutioo odiustmi'nt as foUows; Adjuet the mgli:* around ™«h poml to 

make their sum c<iurI to 300'. . • i.. i 

2. Using the values ivmlting from the rtation odiiwtment 1. add the irlght angite 

q b c rf e / f. and A, and suhtiaffl their sum from 360®, Pivide the ddlcreiM* hy 8. 
md’al’eebndcidty add the tt-suU to caeb nf the ei^t thus aatisf^-ing the conditions 

^ ^Ua?ng the adjusted values fnitn 2, find the differeivw between the sums (A + e) md 
U + fl), and diviih' that diflerenof by 4. Apply the HTsult as a rOHnetion to each of the 
foliT angles, inm-asing tw«h of the two whoa* sum is the smaihr ai«l di-ereasing each of 
the two whose sum is ihi' larger, ihua makini; these angltw satisfy Kq. (42} without di.«- 
turhiiiR the ndiustment for Eq. (41). IVnceed in the saiih- way with each nf the four 

angles involved in Eq, (43). .... ..... 

Ynaonoforfric f?M» 4 di<iofl. If the length of one line, as .4£f, w known, and the limi^h 
(d the oppomio aide CD is to be computed, the computer may seleet mw or another senes 
<rf triangles for use in areunipiishing this iwlllt. For .•wnpln. a solution of trian^e ABi 
gives the length of .4C. and then from triangle ACD the roquired length of CD is foumi; 
or in the triani^ ABt’ the length BC is found, and then in BCt> the len^h CD is com* 
putnd. There ate four posable choices of mate through the Ggun.-, nwl it ikpw remains 
to be seen whether tlw* angles, as so far adjusted, are so r«latt.>d as to make the valu.' of 
the length of a computed dde independent of the route us«J. Assume iKal the length 
nf AB is known and that the kinglh of CD is to be found. 



s „ riifi 4^ 

AD = 

Hin h 

(44) 


sain a , „ Bib 0 aia (C 

CD = .4D-7-7 = AB , 

mnf sinf.^nh 

(45) 

,^LtniUrlyH 

, „ aiii 6 5 in 

CD - AU -^— 

am e iiiii ir 

m) 

Kf^uutinK 

these valurai of ClK 



(nn a gin r sin am d 
hinf^n k win f 840 p 

(47) 

nf 

sin rj Mill c an r ^ 

.*€11 b an d anS ^ 

(48) 


Expnived in logarithniie form this is 

(logsin a + In* + h)R«n » + '''K <f) 

— (log Rn A + tog sin d 4- log sin/ + log sin A) * 0 (49) 

The angles me tested for satisfaction of this equation hy adiJing the logaiithmie sines 
in the two graupa as Indicated and by finding the diff«n‘n»i! between the two sums. 
Various adjiulmenla by which ihw difference may Is* n-duced to aero are poKsihk*. 
The '■least Miuaivs" adjuatroent gives the OKHt probable valuea to the adjuated angles, 
but it is somewhat nwn.* elaboiati* t ban ia necessary for most surveys. A simple nppmitb 
ni pt.. laeihod. which gives an equal correetiem to each anglt! and which <loes not distuifp 
the geometric cooditioo, is as follows: (1> record the bg sines; (2) for each angle recortl 
the tabular logarithmic sine differenwfor I' opposite each logarithm: { 3 ) fiwl the Bverae,* 
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a in If^K sdnn by dividitig; thf differvnre fcsrtwh*i^ii thr i^uieilk by H; (4> find 
tlw ftv^'ragSi^ & fur 1(S ' iIh^ raf b pyp* ihe nmnhffr of s^ocoiid^ of are to Iw 

ftpp(k^1 9 ^ a coffortion to i^iph antflo- ((>1 luld thw tMFrectbn to fwjK of tlh* four aog!i?^ tho 
mm of whoaM:^ lop if^ tJw flntwlli^n i^btntet it tram twh of thv tbi^ wuiii nf 

whcigo kig I** thA" IjiTi^iT, and tboj tKe- coiTi?i:tod valiw'w an* otilflim'd. 

]f one nr mon^ of thi' tuiglw^ gn^aler than 90 ^ tho trigonomi-tfic adjiirttmuot oi nuidc- 
aH jLiet ikwnbi^d, lAitlioiJt tibtuiiiing rise Ki'Ennotrie ndntiorkH, fJowt’vt’r, tYui ano 

of an ubty^ twigio ilorn^a^ifii a# th*- nngli' incfeaHt-ii. the corre^porullrig Jor «iiu^ wiSI U* 
rhangied in the dirt'oiitni uppi^idte lo that dnsiiwi. the error intrtMluiM.'d by thL» 

rotvclidon wiW fit fu-gliitibU- for ihw apfiri^simate zuijlu^tment; if not, the trigoouniolric- 
aiijiMt-Qiont flhouUI bp lepoatcd. 

Adjustment of a Chain of Figures befwoon Two Base Linas, ff twi^ buM' limw 
nwa^iod an addilionnl mDditLon is Introduri'd, oanudy, ihnt the letvgtb of mch *idi' in 
the coiuii.-otlng ebain of truuigh-- ur fiuaEiniiiiirralfi mtwt be tbi- ajum- ivlu*Ji compuU^l 
from tmo base line as whi^n cornput«l frtun ibt olbi'r. An esacl sjktbii iri |KH»ibb oidy 
by ihiy nii thod of least Hquan^n but the following approximate nvidhuKbi inay Ih? uM»d in 
triangulatiun of ordinary preeL'oon Ln the wise of a ehain of figunw. 

The figuriw rtriaiis^i's or quadriinli rals' are aJiuHtwl individually previously 
deaeribtd- The tun+^tha of ihii ^ided are ihun eomputnl from i-ach llpe |o a eoiomoti line 
about midway ia-iween ttw ba*i* liisrt. ThU rommon line may thim be eonveliHJ to 
reconcile tlie two eomputexi vb1ul-h of its length, with nr difftnnl wtijtliLF iKUtig 

assigned to tbo iwo romputed values as desin-nd, bartt>fi nn the known condJtiotts. The 
alfect of thia ronvetion may then tw earried IwEek through each half of tlie thain. as 
follows. 

If the preeiaion of the artpidar iminBurements ia relatively high as compared with that 
of the linear meftsiJnjmoiits, the liwsn of each hedf of the chain are corrtwitod in proportion 
to their lengths an compared with the length of the common linep leading the ao^^ im- 
ehanged. In effect^ thLn procedure abjinks one entire half of the chain (inducling ita base 
lino) by a fixed proportion, and swells the other half (ineluding its baw dtre) by & Iked 
proportion. 

if, hnwever, tiu' precuion of measurereeutA is relatively higb, the lungthsi of 

the base tmt* may be aaminnil to ht* correct. In this ease, the correction w tapi^rwl ofi 
From the full amount at the eommem tirw lo Eem at each base line, ihi' cofwction to each 
lintf being not only proportiocial to the length of the line but aN> njughly protiortietial 
lu the n-lalive rlhuanEX^ of the giwn line from the Iklbc line. This prucidure ciiangfa tbi' 
values of Ihe angles, fkml the IleW valui^ of lb- angh^ are UR-d in furtiu-r cOmpHtatiOiis. 

Betwiicn ibe^ Iwu i-:ctremc^. ik- pfiicedure dept^nds on the n-Lallve precision of thi^ 
BTigular and the linear measun-meiits, ami w^■ight^ may be asfdgnL-d accordLugly. 

CorapuTadon of Triangles and Coordinates^ In computing the k-i^gths of the Mdes and 
the coordinates nf the stations in a iriangulation it Is de-iimble lo follow an 

orderly proct-dun- to expoilite ihi' w ork and lo avoid niistakiw. Conveu]i nt arrangenH-ntfi 
for these compulations for pline triBiiguhiiion art- given in figs. dO and 31. 

A sketch of the figun^ > drewn (Fig. m), and Lhti vorliceK are lettered ns A, 

and C in a clockwise diri-ction, tioginning with the side the length of which is known. 
The sides opputdte the vertietts are indicated by rlu- corn^spoiiding Inwcr-caso letters as 
a, k and c. 'Fhe sine relation statea that 

i „ c oj- log 6 = Iffg r - hig fiin C + log abi B (59) 

sinC 

Ac^jordingiv, if the lEjgajithms mv- Accorded in the colmiui of logarithni.4 in the onler 
logf, colog sin C, logain A, and tog sin B, then big ej is found by covering tog jdn if with a 



1-48 


SUBVlVlXd 


Station 

on 

line 

Angie 

on 

distance 

Loganithm 

Figure 

c 

i.452.S8ft 

4r/92f‘ 

BJB&m ^ 

aC 

C 

0.}343OG(coiog) 

G/i/eni y^\ 

A 

QZ3Z40' 

339^ 


B 

43'/S39‘ 

9£72&3r 

W ^ W 

a 

iJ942S4ff. 

3.238433 


h 

X4$S.74n 

S/93082 



h'jo. aO, CtftnpulAtiou •>( trianulff. 


narmw strip of papt>r nuil (ulJine llw oth«f ibw* Alwj, tuK b i» found by oov'^'f- 

ing log «n A Mid addinii tbc olhi^r lhm.‘ viduiii. Fluidly Utu JuFluiLrvB n ami A found 
a» the bumhon coiretipoiitLiiK to their rtiipiHUivo logRiithtiv. 


From Station B 

Frcm Static A 

t 

' 

Z^34’‘32‘£4* 
y BC ‘ /,94234 

/Tofa//at +99/39 

/Totai dets. B - -/39Q34 

CtVeni / 

Z=/2UO 'Zr 

AC--/A55.74 ,r- 

Tofa/tat. A~+64137 \ 

Tofuf dep. A^-/69.7f \ 

A 

1 


7by«/ Jtr^. C 

Ibtai tat. 3 

LcosZ 

iogL CO&Z 

iogccsZ 

/og L 

iogsinZ 

togL smZ 

L3if>Z 

Tbfttic^3 

Totaidfp. C 


Mean 7bia( Lat!tv</eC**Z^Z^fj&4' 
(Check) 


i-L&Q0.28 

3.204^195 

93iS74Z 

3.ZS8453 

9.733^i 
3.042/f4 
^/ja/83 
-}t$9a34- 
-4S9.U 


(Check) 


Tofa/ iaf. C ^2^2^!j&3 
Ta/ai lat.A *34.L37 
L cosZ 
log L cosZ 
hg casZ 
foa L 
fog sinZ 
fOgL SinZ 
LsfnZ 
Tofai depi A --/69.7/ 
Tofaf dep.C-469.11 


H,4Z0.Z6 

3./623&B 

3SS9237 

Sf63CS2 

9J4I249 

2.90433/ 

-319.40 


Mean Ibtaf Pepanture C“-469.!/ 


Fid. . CniripulBtind of fcordindlin. 


An i^xaropli^ of the eoQiputAtidii^ hh ^hdWEi in lUv taljulAtiDt] iif Fik- 30, for whith tbo 
known iliiLB ATL^ (^vdn on tW i^ketrh llw triAiigkt:. 

Figure 31 show^ » Toito for computing ibe coordimtcA of a irtation C from 
eanh af tb? fltationf B A, Tbe known plane coorduiitei (totid and toi»] 
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fkipnitunO of ^ *ikI a mdii tile known lw*Briiiff slid of 8C uid *-4C aie fibfmn at 

thr lop of ih*- hf^n^. TKli oiiiapulAlinn \» i^rivd out imilatod, with dut^ regurd to 
r4(fns. BL^mning with Jujs /. in iIil- t&bubitinii. compuEfttionis for total latitude- ups made 
n^ndiop; upward and compuEatioM for total depau-iiin- sav made reading downward. 

Thrte-poinl Problem- When the main irinop^hi- 
tion bn^Ei rompli'^tid, frvC|ULmtty it k d^mnl to 
the liM^tion of Jiddil.iutial points whirh ue 
tci bt' otf iflatnmient ptntioiifl of a topotiprapliic 
purvey or for other purposes. In triaugulatian waric 
the ijiwition of an irtPtrutnE'cii fltation ap O (Fie- 331 
is* detnrmiiu'd by meoPuriTie t^aeh of the two an^eB 
HuhterwJed by litifti to three visible Ptatio-itfi, A, B, 
and t\ and by Miking the irmoitb'^s invoK-eti; ihis ib 
known aa wai ving ibe Ihm^pairti prchitm. Thus, in 
33 ail parta of the trionjEV fortiud by the .^^tatlrHiB 
and C am know a. The aiii;k'S a and ^ an* 
measured at thi* Nation O. Tbn prubk^m w 
when the val uiw of I he nn^cW ^ anii if have been 
ikrtt^fnaim^H for the it-maininp^ |iartP in each of tin? Fio. 32. Tlipw-pomi prohEam. 
tnanKk« ABO and ACO can tJien fa? computed. A 

ehi-ek bi afforded if the pame value for the side AO teistdiP from earh of lh*ffe triangli-^. 

Tlie prnbk^in h* intk^teniiinale if the I^tation O lit-B on or near the gnjat circle pasiiirtg 
through the ptationp fi, and C. Thip condLli*)® will be evideneed by ibe condition 
that -h ^ + A = 180^- 

,Si4iU(ark: Given ibe pldra h and c and the angle A, alw the otsjserycd ansk-s m and (J 
(Fig. 32). Ui 

B “ 1 ^^ - + a + + If) 

U ihe ptationM A and O lie un the oamc side of the side a and if the PtaEion O id outride 
ihe irioDgle ABC^ then 

S - + if} (All 

for which caiw the dolution by thid method Is impodp^ible when o + - d. Let 

csin ^ 

tauH? « —— 

0 zfUi tie 

A = mi - y) 

Ean A ** eot (# -b tanN (52) 

If tan A id pae^itiver iberi J » S + A and a = .S — A. 

If Ian A Id negative, then x * *S — A and y ” 4^ + A. 

St«M Sjstcnis of Plane Coordmatos- A gn^at opportunity for bcaJ uae of the na- 
lioTittl triajjguiation hn^ eonie atsoul through the adoption of state pyatema of 

plane coordinale?, whetehy one «et of phuu* n^^tangular nxsrdimites k maiJe to ierve the 
whnk* an-a of a sr^] Ptate or a portioa (l 4 -iually half) of the an^i of a large fffate. Many 
iriangiilation ptaUoiu have bi^n eptahli»hL*d and monymenM by the VB. Coasi and 
Cleodi'tie ^Sur^^ey^ A map projectiun has lieen chosen for thi' atate. Or portion then'of^ 
such that thp errors of prajertion will rarely exceed 1/10,000 and, ihenffnrep will be 
ni*Kli|dk>1v for mxMl lootl aurve%Tf. For otatca of greater extent eawt and ww a I-ambert 
(Ninfurtiial amic projectiiMi is used, while for ptate^i of gnalcr cxtfint north and with a 
inrtijvem.*- Ali'reator pmitftion b empkiyed. Rcfercnct* oxm for each ions hjc c^uch 


and let 

then 
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thut X wwl ji of aII poinM within iIk^ an% wi!l Itc poedlivrr the locAtion of 

nny pniot rsn be ijm|[oiit45<j by pimply $tAting ibe* coonHoAte^. 

Al a di^an’Ce of H to 2 miles from each trungylalioo eL&tiDii b on 

mork, or monument, which can be sighted rrom the sutiuu. The jihum cuor4iDaU>« uf 
the station and the plaj^- aiimuth to the mark am publuluHl fur thi iofomiatiun of 
ii^ngineers emd Purv^^yotP. [ Care must be taketi uut lu njtiftu«o i rm* ur geodt-t ir a;diiiiElhp, 
which take aceutuit of ihe coawrgeDcy of mL^ridiiiiid, with plaru^ or grid juimuthp^ whicii 
am referred to u Kmgle cwriJIan far the ioeu:\| In addition to the moDumefLls for bori- 
aontal cuiitrul, a «yMem cif iKtich miurk^ fur veitiral control has })tta t^lablisbed ihrokigh^ 
out the couotn*. 

Tu maki* nf tba^ slate *i;%*Titem for a hjfsJ 5Urvey+ tlK^ KUr\'eyor j^ebi up the tnilljiil 
at a ofarhy Iriangulatiun RtatjoEi of thr^ pj’s.terti^ orkuits it on the lira’ of knciwn plane 
azimuth, and runs a survey iby iraver^ng or triangiilatiun i tu tbe an^a under con^dcra' 
tion- Tbi' roorc^i^at^“^ of any point in the iwal fuivvy tan thjui he conveniently fom' 
putid in le.rms of the state system by the ordinan* methuds of pliuw sun'e^Tug, Pn.‘f- 
erahly the aur^-ey should hv cht^ked by traversing either bRck tn the original station 
or to anoihrT triangulation station- Jf elevaliotot an> determined^ they are referred to 
tb- ejiiahlishiii pyrtem of bi^neh marks. 

Gcodcdc Leveling. A^ii^tciated with the uMe of trinogulation for hoiiEoutal cuntml 
of A survey is usually some form of leveling for vertieai control. The high onlur uf pre- 
riaton required for tevi'ling over a large area ftdb? for instruraente and jurthuck whieli 
are ordinarily employi^l only by gyveriimetiE ugroik^. Thi^ unit <if %^-rtical Elirttam-u 
umrd by tlio C.S, Goasl and Geork^ie -Survey » th^ Tracer; that used by the Geo¬ 
logical Sun-ey is the yard. Bench marks are eatabliiibed ml inter^'als not eicreeding l or 
2 miles. The level routes are nlmoat In variably along railways or highways^ tberofnn% 
the bench marks of the s>']f>tem of vertical ctmtrol &m in geru^ral not [lEiar the triangulation 
stations of horiEODtal control. Fiekl nietbcds employ pn^cise diteel leVEiliiig, with iwu 
r«k, bAkncrd foresight and backsight dktftnces, EioliEcd length of iighL and other 
ppectal pmcautioiiii. In the office, the firkl romputatioUa are cbecked+ correelions for 
cftlihraUhd length aoEl touipetaturL^ of rod an* applied^ and a com'ction deptiodlng upcai 
latitude and uJtitude is tnaiki for the ullipsoidal shape of the earth, which rendnrs levwl 
surfaces at a ipveii ioealioEi lionpamJlei. The circuit el-twuivs' pxv testtiJ for aerious 
dtperepaneicB. The final ndj usUrastit is then made to elcwv the m^w circuits and fit them 
to the eskLing aystetn. The vidiiit4 of ebvaiiomi are then puhlbihed, 

THE PLANE TABLE 

Orienting the TaMe. For map sraJeT* smaller than ptirlrap^ ] in. « SH ft, iKe pbtru- 
IhIjIc in Scl owr ihf" rtatiuii wIlhouE any attempt tu plaei^ the plotted point vertical!v 
atajve t he Station pioint. For maps ghT Inrgc’f scale, i he fable k set up roughly and orien E^^il 
apph>3cimntely, and tb(-n it k ihifted bodily until the potnt on the paper i^ pmetlcally 
ovsft the station pointy as indicated by plumbing. In any Laiat% the aim b to net up with 
Huffieii^nl isare bo that the pbtted position of bnRii drawn frum thi' station will be enr- 
ft'eliy shown within the seale of the map. 

The table may be orie^nted (1) by use of thi^ (21 by b<Kk*i^hiirtff^ (a> by solv¬ 
ing the r^Arw-p^nn/ lA) by Emlving the prMem, or (5^ by menns of the 

Baldwin nohr cAflirl, mseil in eomuH^ikin with the nhadow cast by a plumb line. As soon 
as the table k oriented, it is rlamfusi in position^ and all mapping at the atalion is carried 
on Hitbout disturbing the tintiid. 

OrienJoEiort hy f For rDUgh mari|Mng at ’^Tnall Heale, often orientation by the 

magnetic compufV w suffwis-nt Ey pR’cijie. Tills methofi IS silsreplibh^ to I he enoir of 
eompass work, hut an rrmr in ihi,^ plottiHif diTettinn of our liuu introduee;^ no syslematir 
emore In tlu> lini's pluttcii ffimi Furi^-^’iling r^aliuEis, 
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If i hr Ib fiwxi lo tlwi dratfinii Iwurd, ihe iMfsanl IB tirirnUHJ by rowing it nlwmt 

Tb<: vrrtifiii wtiB uni 11 l\ui fiwd luBualSy magiwritjr tiurlh) w oliarrve^ii. If thr 

if ottju:ihA=^ Ui tbi? nt to a moviihlit pUtc, thr of iht nikir or ilu« 

pltttt' U alibi'd witJi It mi^ridian pniviauBly eirtiibtwNHl un thn ihoet, and the 

boiird Ln tiimixi until the ni'edk* nimlf tiorLlL 

Orwfji^ld'^jj btf HackjfiQhHtig. Fcir intenruxlMiie or larRe BcnJe, UBuaily the 

fcwBtrtl i» nrieiitixJ by LmckBighting aluni^ an t'litabli^hL'^l line the Uireetion of which hets 
Ix't^ri pbUiHia pievitjiii^ly hut the hrugth uf which need not be known. The nK thml ip 
equivalent to ihait employed in aainiutb tt^ivetBiiig with the tramit. Greater pn.-eiBiDn 
Is ubtainabk thao tPFith lie eompaap, but lui error in dtreetion of one Sine L-t tnyiBfenTii 
to BUteeedine Mmv. 

The pSttJve tabk' id ^let up ab at ^ ^Fig. 34;- uii the line ,‘tP which has been plulUtl 
prx'viou^ly tks nfc, ihi' bT mtghtedHe of the idkhuic plii.'ed along the line hn, and tb’ branJ 
Ih nrieDted by rotating it until the line of Bight fallB ut A. 

D^Gnitions. Wb-n a Pi at ion or objeet. ik pighii'd and a my b- drawn thmuKb tb- ploHed 
Uwatioii of the Matioti oeeupied Inward the rtatiun or object, the sight, ip ealliKl a /ore- 
atgAl. Wlvi.Ti till' Pi nsightedge of the alk 
dade b plaeeil along a prev'ioualy platted 
linrC pm^^lng through the plotted hwution of 
the station i>crupicd atnl that of another 
elation or object and thiiti t}w fKmnJ ib 
turivHl until the line of night cutB thi‘ sta¬ 
tion or object, the Bight is railed a 
VVIu'n a known ftaiioii \s Nghl^^d and a 
line ip draw^n through tb.' plotted tcication 
of that station toivarnl the station oecupied, 
tb? wight is ealkni n ncaarlion. RiTseCtiim b 
aLn 4 > H gc^taiml lems apfdicd to tb^ priMre^s of 
ili'^termiEiiitg tlie loeatioii of I he Bt.ai ion ta> 
cutiiidL 

Radiation- fn Fig. 33. the plane tabli- b 
.-Uinwn in pwitiun. o^'or station O in the 
n-nter nf the fiidd- Tlie plotted kieuTiiin 
thi' plata^tabk -station b indicated at n on 

the pLane-table phw't. Thu alichuie b pivoted about thL-= point ; and, ai* sights hre taken 
to point# ap H, and Faye art^ drawn along the *ilgt' oF thf rider. The distanced are 
mi^aHun^ and are then plotted (o scale along tb' c^irnypmding mys, thus hx^tinK tJie 
patite At H, and C cm the rrtnp at 6, and e, Tlik procoLSuh’ is cbIIinJ rudmtiorh 

Travfrsing. 1 n Fig. 34, a of ira^-erw BtionR A, H.<\ rtc^., L- a^irm-nliHl. Tin- 
plarie lalih' b sir! up elw bI and « n*pr™i!nting A is pUur+wI In sueh tm'ation lltat the 
u!bi^r Biaiiciiifl will fall within the limifp of the shcH'i. IVilh the stndghk'dge pnBsiisg 
Ihnmgh o a sight b taken to statinn R: and b, its Ideation un the cnap, b plotted by radhi- 
lion ju-st deBcrthed. The insiniTnent b then set up at station B and is oriented by 
Imek 5 nghliikg oil statiun A, A fon-Eiii^t is taken to station (\ and it^ Im'-ation b ploLt^-d 
nl f- By a similar pn.icciJun.v the Inralions oF the remaining statiotus are plotted. 

Intersection. The locatinna of ohjeets A, B, fl, etc. iFig. 35b ^ plotted as fol¬ 

lows: Tlie plane fable i# set up and oriented at station A/, a jdght tu Htattoii .V b taken 
as in thi' jiH-'tlnxl <if tnivemuiiL Htul ibe lirH- mn nrpn>seiiling the line MN in dmwji li> 
siTilc. Rays of inJefinJte lengiH an- drawni from m tof^'anl the ubjects .4* H, etc. 
The plaEK^ taJj-k' is tbciii stf up at wiatjon *V anil b oriented by haeksighting tostalion Af. 
Itays are drawn from n Towarrl same obji^ts. Tb' intenreelSons uf I hew- rays with 
lb> ecjrn^jjoncling rays draw^n frnrn m mark tb* plotted li.iralluiis of ihi- objtn# ut a, h, 



E’jns 
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vtc, tiP I hi.* cphip<;tfi Jirt- mi hul may hti riculed fftim ibt; map. If 

thu tinitSi^ tiptwiiMi thi' inU-pw^tiiig rays is smalls l.b« liitatkiii will b* inJeEinitc. 

Graphical TriaoeaJatioiL Giaphicd triaainjUt-iun athluvcs the eaiEC nsdt# as tn- 
uiKulatiDii with ihn tranml, but the prrwtiurv iliffura in thal ibu plotted loeationn of the 
diptanL signals lua detemiinod ifruphieftlly mi tluj pluihe-tttblo she^- The muthod in- 
vpIvca lK>th IntereMtion anti, whLit neceflaaiy * njSMlion. 

In «>j»ployiii|c ihia meUuid. at IcEiit two ami preferably three ptationi aa ami € 
tfl!?. 36). the looitioiw of which are known, must fjc mpahle of bem|! ocoupii^ by the 
liailrument and must be marked by mjpmb. Their locations are plotted on the plam?- 
tafjJe sheet at tt, b, ami £ prior to going to the field. The flcld prore<iure w as follows: 
Thu- idafw* table is 0 ot up aa at .4, aud ia unented by sighting at B and C; raj-s are dmwn 
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the plane table 

towd other »utinw «J(h H tf. v\ and chureh ^pire. The tabhji- then i»t 
up nod oriented at atatiuns Jif and (7 in mierwsjon, and the Bame object* are*i^^ apiin. 
The comet pMU-d lortttltiii of each aiatioo may bo dctcrniiocd by the IntcisecttOtt of iwn 
raw, a» hy thoee drawn fmni ataliow A and Bj but the location ia proved if Uw three 
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/ ™— jLChijrch 


V 

f ^ 
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\ /'i 
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GrtjFbiMl triHfijrulaiioa. 


rtiya drawn toward a pven object are found to pass ihnjugh a point, aa shown by the 

third IBS’S drawn from station <7, , . . ■ 

Hesection. Ristxrtion t» the ptocetrs of di'leminini; thr plot it’d location of a slation 
MMjpied by the instruincnl. by mrana of Mislita taken toward known poiDU the loeatioiw 
of whieb haw been pbttccL Hew^ction cnahhs the lopPKfapher to wflcct advTWiafP'iuw 
niaiic-tahic stations which have not been ploltud previotjaly. , , - i 

With the plane table oriented owr the dndnd station of miknown location (on tlk' 
wap), two or moil! objecie of known kwatkin me sighted; as each object la sijptcd, a 
hiw of indcfiium length is ilrawn through the plotted location of that object on Uw map. 
The intetscclion of ttusc lines marks the plotted location of fhr* jjiatnj-tabfe matjoii. 

The table may be oriented by any of the methods stuu-d uii p, i-nO. It is emphaaitod 
that for the methods of orientation by mapietifl compass, by baeksii^ting, or by solar 
chart, reaeetion mn be i»ei.-omplishi>d only ^^fcet haarH Aos 6fs« nricirfcrf. Tf reaeelioii 
is by liar thiW'pomt prolikua nr the two- 
point problem, urientatiEin sjid rcarction iPv 
Bfcoinplished in the Hune operatjan, 

Resection aft*r OriBnialiao by Compass. 

If the plane table has been oriented by 
means of the cumpass, the mothud of msiie.- 
tioii is as follows: tsd P be the slBtion oi un¬ 
known kssalion tareupied by thi* plane tidile, 

BiHl let A and h be two visibie stalions 
which haw been plotted cm the sla'et at o 
and b. Then the plotteil location of P i* 
detertnined by dniwing a line, or naecting, 
ihrough a in the direction of A and resoet- 

iite thnaigh b in the dirpetioo of B. The ,, . . 

point p where the two tor more) lines cress, or rweet, marks the plotted loeatwn of the 

uulniiDent fltAtlori P, 



Fia. 37. ftftflif DrwtiiatiDn 

bork^ifthtinj;. 
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Resecdon after OrieoUlion bj B*cksig^l^. If rht tjkhk b nrirnlt^ by Wk* 
fiit^htijiiE H lim.^ thf iJin’cHon of wticb Iih? bts^n r^otto^l bm tht- li^ii|?tli rlf which 
may be? unknown^ tht^ mi^lhwl of ork-otutina mul re^veliott in tm fcJkiws: that tb' 

topo^pher wL-h(^ ia rpfxupy sUtkm C iFig, 37) iLl^ ni which Iiha not b^-n 

plottt^l bul from which cun bt; tim pninlii an A juid H ib* Joealionti uf which Imi-p 
Im^ia pkitti-d at (f And h- He urietitn tb: hfmni at <itu! of tb* known ntatintm an ijUem! 
a fontsighf to f\ imd ^Irawri through h a ray of inrii-flTiite leoftth. He then wta tip tb^ 
pUiw taJib at ntation orients it by backj^lghtiriK to H, arnJ Tt>tieolB from A thruiiKh a. 
TV intoftscelioii e nl the ray from b mA the njasortioTi line fmm o b the pinftctd IwiEm 
of the pLane-tabte rtiri«T tV tru&njfk^ aiw anrl ABC are nimiUr. If the angle 

Vtwti n tV imy ami the reM^ctlma line w nmall, tbi hication will V iadt-hnitc ? for nt rong 
local ioa Lbe artrte imglt^ betw'oon tb?fe linen nhoujrj be grt^ter than 

Resecdon and Ofienudoat Thre^point Pnjhlfsm, Frocitiently tV topfiKtapher 
wbhea to occupy an ad\witageoua Flat ion which ha* not been loomed on the tnap 
toa'an! which no ray from iLKmed Ftatiojw liam b^'n drami, at t V s^mie dnai Ddi^nta* 
tion by use of the eoai|Hu^ Lh not snfiideiitly accurate. If thieo located aUtioma are 
v'btblc! tbs ihree-pKiiut problem olfcrp a con^'enient method of orienting and reacting 
in the itome^ fjperatSort. TVn- arts several aolutioiv^ uf the lliru>-pojnt probletiL In the 
United Star^Pp experienced topographers ecmmoniy employ a methoil of direct trial, 
guided by rulei (see followkig paragraphs). TV mechanical or traeing-ebth solution 
(P- LFtfunpler lo* tmdei'manrl but is not »o eattefaetory tir «« exixwfitious under the 
usual field eonditiona For MutioD nl tV thnt^poinr pcTjljlnm by computaGon, em- 
plo3^ in transit work, see p 1 ^9. 

Trial Muhod. TV plane table Lb set up over the etatiDo of unknown location and is 
rarpented approxitoatoly either by compa^w or by estimation. Heseetion line? from the 
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three stationH of known location art' drawn through the corn'stamdiiig pEolted poiiits, 
Thcfio liiwa will not bteraect at a common point uolc^ the trial nnentatioo bappeiiE to 
be convcl- [An exception lo this atatenw^nt Ln disEUKRsuI later in thia artieio.) Uciially a 
amall triangle called iJni trinn^a o/ error ig formed by ihe three liinv i Fig, 3S>, Tb' t^ir- 
reel ploltcd location of the plaoe-tafik- station, cnJtcd the pitint ^upAl. then t^timale^l 
more eloaely, ih\f mAdhiHi is to draw area of eiretEai through tb^ puintH nhnwn i thnaiRh a, 
and point fc, t, and fee; and o, e, ami ac)^ the circles will tnlerM^et at p, I he paint 
Evught. Usually, bon>>verp the Mm^ct location of tfai.^ point ^ught k estimated more 
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cfinvvnHEDtly by tml (FIr. by Ruls^ I miul 2^ j^wn below. Tlie Arnold iJumi 

reofH^ntod by Iwi-biiRhiiiaR ihrmi^b the eetimateJ location of p Inward one of like knofirti 
Qtaiiaiifl iprelembly tin.^ mewt dlNtjini); nnJ the onrnlAtiub is ebeokjed by rescctbiR from 
thi^ otbiT tw» known 4itAtiQni>. If the thme linoft Jtill do not mxi al a pubit, the process 
Ui repeated until they dot ihu ortenf-ation is then correct, and the comfnnTi intcriEiortioo ctF 
the three lineiE is the correct plotted location of tht^ plane-tiible Htaiion. 

Rvdf 1. The ptnrU it the wtinf tidt o/ n/i ntcttffui Unet. That it lien either 
to the right of each line ifas the Db»!!rver face^i thi- mmarpi^ckdini; fltauori) or to the li'ft of 
each line. 

Rute 2. Tht from rath rrsfiii&fi fine to fht point it propoitianal !o the 

irtiffih of thfit tintu By “haijcth*' xt mcanl eilln.>^f ibe actual i-liHlanec frotn planc^tAhle 
Htalioii to known sitatlini or the ctim^pondlnR pltjtled diatanciE. 


p'lo* as. ThfiMi-poiffiE problem, riolyiioo bj' tKnl, 

RiiU«tc 1 and 2 are KkL-^neral and apply to any lotutlim of t he pJain-^Lable station evex^pt 
on tin* RfKil cireff through the three known italioiLH {tig. 39K Jn tbiin caae, re- 

fipixdliwi of the orientation of the table the linis^ will nk.>et in a common poiiil {et'e points 
2 in Fig. 39) which will not lu-^^saaiity bi^ the point iM^ught. If il ia iiuspeeEeij but not 
known that the plan4>iable Nation is on the great circle, either the gmat chek' kjbrjulcj Yna 
plottcaJ on the plane-table pheet or the oriental ion of the tioard should lie ehangiHi 
slightly Mid a second trial made. Jf it is found that the station is on th£) gn>iiL circle, 
one (or more} of the three known ^atiort^ imiist la* by a known slat ton (oc sta¬ 

tions) suitably li>cated- 

Ruhy ] and 2 are supplemented by the following auxilinry^ mlcf which apply to partir- 
ular locations of the pSanc-tnhIe etation: 

o. ff the new station w inside thi^ great lnanKli% iht^ point mught Is within the triangle 
ipf ernOT and is in the sairw* pozotion relative to tht-' I riangh* of I'jror tlmt the triangle of 
error occupies in the gn-at iriMiRlc (Fig. 39, iioint 1). 

h. [f the new staliun in La oho of tJo^ tJuroe st^gmcobi of the ipeat eireW formed by ibe 
of lht> ktobI itiangk.^ die point sought ts xm the EipjKWi'te* Hide of die resection line 
ihrniigh the mkJdle known p<nnt from ihu tntcrseclloii of the other iw^o liot^ (Fig. 39^ 
point 3)^ 

Cl If the new atatton is oulside thi^ great drele, the ^i^feint nmight £s always on the tnaie 
side of ihp rejection lino from the miwt dtstant point a*** thi* point iif biteniertioD of the 
other two Une# (.Fig. 39, painlB 4)^ 

pf. If the nt^w station is outside the gn-nt triangle, of tW si]£ sectors foruicii by die re- 
iwclioii Ei^4.■5^ tlicre are only two in whlrlt I bc^ point mugbi rmt on the wm mde (right 
or teft*^ of all line?^ 
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t. If rwjw 49lBtbb [3 30 loc&ted thit thp Lnantfle of ortur 19 not fortiii!d within tbt- 
liniita of the pladnA.-^tahle iRheet, tliat irt, if two of tin.- n^i-i^tiDr^ lintai ^ alniLi^t pamlLl 
iFin- point 5]^ ihi'^ ruTVgoing nilL>4ritill npply. 

/. If ihi- new Btjition U on line bi twot^n two of thii known eUlioiu, lIil^ re^rtion Jims 
dm wo from th«*y two ntiitiotu wUJ panllel. Tho forv^ing rule* vtill applv. 

The of the deteniiiiifttion vnrves with tho loc^tiori of tb* pItuiiyUbLe »b&tion, 

PLji dEq^eribed bt-Jow, Thi* i^tmngth «f detemiituition ithouid be L:oii}dde«d not only in 
fleJeetiuK the nwt favomble of the Availnbb Iluowei ^Lutione but mlaa in dedding whtdher 
I he tliR<«epoinl problem taJi ABtiidAetori ly be tL-ttd with iht^ pinoe ifthb at n idven loca¬ 
tion. 

Whdja ihti iMZW station hr inwUli': the gr^at tirtlp, tbk‘ nearer tile mw station to tlv^ oetitor 
i;if ittavity of tht" great tiiangle ihe Wronger ihe lieteriniiiatiom 

V\ hoo ih(" new jftatioii h on the greaf cirelLi, jtn Incatioa b indetermmatu. 

When the new stalion h near the greal circle, tht^ detemunation Lf^ weak. 

Whim the new Italian is outr^ide the gn^af circle^ for given anglefl the uearrr fhe 
jclatjon la ihe middle known station The t^tmogf^r thedetermiiiatiaTi. 

Either when ofh^ angli* h mnail or wheii tlu^ mw Htatiuti in on line with two known 
}«lationfi, the largi:r the angk* for the thirnl known Nation (tip to 90 '') the ntr^niger tin- 
detenniTialion. Thi' two known idaticitni miiLr or 00 Ibit! ahuuld no-i be m-ar earh other. 

Method. A piert' of tracing doth or Tradjiif paper if fajrtened on ihi^ 
plauw* tabte over the luap. Any eonvi tiicoL point on the tmdng cloth t# rhia^n to rep- 
nvL-iit the unknown ^talion over which thi^ plw table h fel, ami fn>ra it rayn are drawn 
t^iward the thrvi' known .-oaiionfl or Thtii the dolh h [cH^-ned and h JihiftcHil 

ovTRT the map unlil ibf^ thrift ra_\nfs through the eom^punLiing plotted polnta. The 
inten43ction of the ray* markii the ptutu.^ locAtinn of the plane-tafde slat ion. It 
prieked through onto the nurp, and tht« tabltr h omvited by fhacbiightfng on one of shEr 
known staiionf (prefombly tb^ moFt liistaiifc). 

Reaeetioa and Orientation: Twcnpoini Problem. The purpoF^ of thi? twcNpoiiit 
problem 10 to orient tb^ table and to locate the Btalion ofeupkd when only two FtatioEif 

art v-wibk and when it iji impo«fible w uor- 
diisimble ro ftccupy either of them. To ae- 
erunplkh fhif^ it is tii'cenaary that t.w'o i!i;tup«i 
W tnade, the fiivt at a c<invcnic?nt (Ibtancci 
from the ifEatinn to b* ^leeupiKl, and the 
iK.Hxnid ai I hat station. t>wiiig to tb- leitgth 
of the ptrieedure^ this methnxi in mit pmc- 
tintl except where otb'r methods cannot ljt 
tun'd. 

One graphical solution of the twivpoint 
problem h api follows] Tb‘ locatiuriA qf the 
two Flattens A and H are plotted on Eht> 
plamvtnlik nhivt at n anti b {Fig. 40). The 
plaw fabk- \» m t up over rome grriuorl point 
r from which ceus be ami the 

point P whEiiw pbited kwation is de«ict*fh 
The Ikrurd 10 ciriented as m-jirly am p>tti|ble either by mmpaAs or by «.vtttimtlon. A point 
c'corrwjHandInK toT on the ground w plotted by i^timatioo an the pWi^table sheet 
I Fjg. 40, left). Foremghta art lakon from r* on A, B, and P. distanoq from C to P 
M estimated, mid ihi- rom^p^^inding cvilimiitt^l liTcariun of /* is pTolted at p\ The tabk' 
if taken to station P and is oriented i;pmtatively) by a backsight un V. ForoHlghl^ ao- 
taken from p' on A and B; the: inieraeetioTLs of thrasi? mya with the rom-^poariing rays 
from r' are a' and ft' (Big; 40+ rights The line o'ft^ In p^irallel to a line betw^oen the 
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com^punding Actiml poiiLtit A ami B. ^Vit h the of the Aiidaik mking llw 

line a'6\ a point Z at mma cUirt*ni:tT from (hc^ tAbJe i* stjt on thu lim^ of iii^hr. 

Tbt- lillddulo IB mavftfl t* ihsy linp fib, and the- boAJnd i* tiuDod udUI the Baiptr pwint ^ bi 
^iightL-tl. The pUiU' tkbli* u now onf^nud «5nt*elly* mid by n^sertion tWugh a anil b 
tbe loiealioi!i of tbit plane-table £<tatioii Ib piottod at p. 

Details with Plane Table. The operation of ptatUng details by rAiliatkin with thi^ 
plam? table in cotntnimly known ftp taking At'de Table 5 gives the sequence nf 


Table 5, or Opee^tioss fou SJide Hnijt wmi Plise Tahij: 

Alldiide i‘quip|Hyl with Stadia lUTc and fixed vertii'a! vernier 


ttocloiaii 

Tn|KigrnplnT 

1 (Computer 

lleconlur 

^!et# rod on 
ground 
pc«iil 

Sights on rod^ with lower opcms 
naif oil a fuat mark 



Rmcbi and raUg stadiu uiterx'al 

Se‘tN index of 
slide rule on 
stadia dia^ 
tall IS 

Bi^'ords staelia 
intervid (or 
diStuTHTo) 


Draws ray 




Levels teleseope^ ?tnd eet^ ^tadra 
life t-d 2#ru t^r fiO) ^ 




Sights on rod, with stadia index 
j*t no mmv fiLurk of T an' 




Culls r reaj.l|iij^, H rending, mid 
reading of lojiiiile eroes mdr of 
fix! 


Beconhi }% H 
and rtiil reading 




Wavets rrHiman nbearl 

Cnjni^tes and 
calls iKirison- 
tnl difit4ini‘i» 

Records borii^m- 
tal distonre 

i^tarta to new 
ground 
point 

Plots iKjint 

(Jc»tnpntcH and 
verEieal 
tliittttnrt- 

Ktamb verliml 
dintance 



Cornnutes and 
callR i^levBtiim 

Rixxirds eluvntioEi 


Uecordsi olevatiun on ptw*et 




Tntorpolali.'fi imd sketches cott- 
tnuTT? ami feai ures 




JW liw “ <}Cll3i|3EKd «i|h ft WtEflll Vemitr IJXBLOtoI InTri. tht tofriJ^lftljll^ Uw DOf||Ty-|rVw| 


Opi^ratioiis for lakioK a Pidi^ shot when thu alklade is equipptnl wilb a ptadiii arc but nn( 
with a vertical conlnoj luvi*!- It la a>isuiuH lliat the parly couslsta of a pbne-iahlu tnun 
(called a iopogryj|4trr>, o^tln* or mun* rcnjiDe!!, auii a rompiiter. fn aeloal proeEice usuaJlv 
no rccHsid w kepi of the sidu shi^ta. In this artielo, however, it is aasuirpL’^l that a if-corder 
is emploj-ed for purposetH of tmining, cheeking^ or record; and im upemtioiuc are also 
listed. Each line of lable ri'ada from left to rigbl, and the opt^niEions in each line 
follow lho» of the preceding lift?, ll is evident that the pmgmis of iJie party depunds 
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SURVEYING 


IjuTSt^ly upon opi?r&tmcL nnd up<in tht- diyp&leh with whtfih tht' topcif^ptk^'r 

porfonrw his chitii^. 

If thi- alicfiult i* i-C|uip|Kt| wjtli ^ vvrTit*tt3 vtraiifr cuntml Ji'vpI. it in nut for 

tht topogr&pht'j- to Icvid tb' ii'U.'ratiupc; iiute^pJ ht wtitum ib»* rtnitrul-k'v'i!:| bubblD. H 
tht Ls iiwt L^ippp^d i*ith n. iftiuiift arc or viTtir^iJ control level, ht U.-!VeL% the 

tcEeseope, R^ib thi> <T«»r, itnd thf'n rciuls ihi' wnbifll anjtli'i ib» ilctptihi of p^L^- 
Ccdtire are liiiMiified uccurrtingly. 

AdjusmitinE of the Plone-tublc Alidade, 1. To Jfofeif fftf Am 0 / E<i4th Am-f 

FotfilM la fAe Center iht bubble iur bubble) of the plate li-vel \nr kivelsi hv 

niuiiipuliktin^ the haard. t)n thi^ ptajie-tiible ^hv^i mark a g^idt lirue alciug otw* t-dxt' ut 
thi- ittraifihMjpv Tuni the ttJiilade end fur oncl, OTwl a^it pliiK* the st.rmRliUHjge ahmg 
tlu‘ RHith- lim^ U thi' bubble hf off center, brinu it k^m-k half troy by mttkitn of t|u' adjELHi- 
inK wiJi’Wrt, Aj 5 ttin ccuter the bufcjble by maiiJpijktbhi; tha bcumi, ajiii jvpea! the 
b^t, 

2. To the TerbW CrtUn Haif Lit in a Plan^ /'crjierMiieuJar to the Ifariiotltat AiiJf, 
Wight the Vtsrtical cross bur on a welNehm-d point not 1™ thAfi 200 ft away, amJ awing 
the tehfseope through a small vertical angle. Jf the point appearn to Lk'part frum the 
vertical crow hair, loooen two adjacent fiCirwA of the eros^iair ring, and mtate ring 
in the teli'scopt^ tubt' until by furrhor trial ihe point sightt-^j tmvcrscA tht' entire k'liglh 
of tbi? hair. Tighten ihe mituy two eicnjwic. 

3. ^ For Alidatle oi Tubc-in-slee^i' T> 7 M!> To the Lint af Sit^hl ("ointitk. nTiih the 

A™ of the Tfkofope iSkwe. the intcRiectioii of the rross hai™ on ^tiu- well- 

difineil point, Rotale the telcwtopt^ in tb- sleeve through ISCI" luduidly iht^ of 

mration art: fixid by a shoulder and a tkiKl- If tlk^ crow^ hairs have apparenlJv movurd 
away from the poiIlt^ bring each hatr halfway back to its origiiial pcndilon bv ^>ans of 
the cflrwtao screws holding the cross-hair ring. Tbi ailjustfuent ±0 iilimIc by m^ipLiInting 
opposite wrrewR, bringing first otie cross hair and thb-n llii^ other to its (^^tEmalMj correct 
p«»ntk>n. Again sight on tb^ point, and n^pc^r the tesU 

4. < For AhdiuJe id Tube-in-«teove Tyja -) Ta Aloke the A m a/ tht. ^tHdin^ Ltvtl Paraild 

to the Axiif of the Tdtecopr Stem iafrd Ptnte ParnUti fo the Line qf Place the 

striding levfl un ibi U'h*scope, and cenler the bubble. Remot-e the tqvel; turn it end for 
end; and rE'plare it on thp tek=ecope tu3»e. If the bubble is off center, bring it liacli half¬ 
way by nwarifl of the adjusting screw at one end of tki level tula.^ Again Ci'iUer the 
bubble fhy rmwtP of tb? tangent scahv)^ anel refnat lhi< tart, 

-Irj, (For Aliflad^- *if Fixi'id-tiib- Type) To Make the Axur of tho Ttk^pt Lnrl pfjndiet 
io iht Lint Si^hi, Thl-= JPuljustittLlll k lhi> .Hanie as the tWOMpeg ndjuKEmi nt of tb^ 
dumpy level, esccept rs follows; T^'ith the lino of idglit set on the roti n^adiug t^Lfddhiht'd 
for a huriicmtid lipc, tb' corrertinn is made by rabing or lowering onv end of the tc|F!^>pt^ 
level tub' (by rnmnn of the eajis-Lan screwsuntil ihc bubk>le is cenierfd* 

5. (For AlkLuIi' Having a FimJ Vertical Vemk-r) Tu Make tht YrrUtd Vcmiirr Rfod 
Sfero When the Line of SighI /n IlgruontaL Wilti the board k-%'el, cooler the bubble of 
the tebscope bwl. If tht^ vertical vernier doi-n nni rea/J Jiero, locftnen it and move It until 
it riMids iejfo. 

5tf. iFtir AUthide Having a Movalik- Wrtiral Vemk-r with Ouittol Uvt l> To Moke 
the Axi* the Vetnier Ponird Level Par^iel to the Axh of the Tdemipe When ihe 
Veiitfol Vrroiee Pt*uts ^ero. Center tb' bubble of the teletiiaipt^ levi'l, imJ move the 
vemiHP by mi'tmff of its tangent screw until it rtadn zi^ro. If the confrtiMevel bul^bli- i.^ 
off center, bring it to Center hr mtnna of the eainstan ■rcrt'Wr at the end of the eontrol- 
level luhp. 

5b. iFor Alidade Having Tangent lAluvement to AVrtical Vi^mier Arm) This type 
of vernier tip atiiusimeni, l^eeaune fur c*eh direetlon of rtghUng tb^ vernier in eel 
at the iTult JC (by oM^ans Eif the tjiJigeiit seicw) w fs-n tb' telit 44 'njie hai lieen ItMrtdE'd. 
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MAP DRAFTUTG 

DrAwidg^ The drawiaip^ of vamiM ^if imipe^ prudii^, muI ctom 

tJu-ir ivKfulnew dcpLUflfl iip-m thi' irith whicb fjoiobs w»if lines Afc^ pn> 

/k^ct^^d nn pafK-r. Fi-w tUmuiui^ns nre ^hnwa. Ddstanrf^ an; Uta'a^nii with t be ottgini^^rV 
xnk\ HJkd imjch^ with n pn^trHrlor, Poinbi Afi^ plaLti:^ wiitMik to in. hy 
of 4 w^-J]^harpt:rw?d hanJ p^iidl; with u diit^ nvc4\e aruJ ru&iiuj; amJ uning gr^^Hr 
ran-i puaist}£ s^n tw plotbxj withiii Ln. The mnsi tommEiii f^irmn of lettoniiB nre 
Itc^inkAnit iiJope \Metv \ Fi|{. 41 ' and EtL^duiTai v?rtieal bttt ns 42}, 


ABCDEFGHU 
KLMNOPQ 
RS TUVWXYZ 
ab c defghjjkimn 
opqrstuvwxyz 
1234567890 

normal 

Hickory Tree iO ft. 

C<N4PR£SSE0 

WASHimrmfa7i*m 

EXTRNOeO 

NEVADA 

FtO. 4i. keiuluLntt letUOtK plope loniu 


ABCDEF6HI 

JKLMNOPQR 

STUVWXYZ 

abcdefghijkJmn 

opqrstuvwxyz 

1234567890 

NORMAL 

Excavofion 23 cuyd. 

COMPRESSED 

RICHARDSON ESTATE 300 Ac 

EXTENDED 

RED RIVER 

FlO. kHiiiiiiJcIt [riTprx. vrrtErd fririii. 


Maps- III geiiL'niJ ilkT iiifrimiation that ^ho^uld appt'ar on & map ihat la to IjecortHj a 
part of public rewiFilij nf Ettiyl rlivistan ahiaild includi- dio foSbwing: 

1. The Jength of each Iiih*. 

2. The hearing of f*ach tine or the angh- btitween interHceting linis. 

3. Thf local imi of ihe tinef with Tefm^fint to-{‘siablisibed counfinate njtcs. 

4. The number of each forma] ^ubdivb«loii, ffqeh m a seelion, bloek, or lot. 

5. The lijcntioji anJ kind of etkeh nionumL^nt ^hjL with di^tanfea lo Tcfepenci' nmrkfR. 

13. The l[K!ntinn and naine of iraeh mtHi, i4tr\-am. landmark, etc. 

7. Thi' nanii^::^ of nil |iro|a'rty owners, in^lmUng ownE»«s of property aiijact^Jit lu t he 
Imct luappi-d. 

S. The dinwtion of iht' meridian (tfiki nr niagncric or both}, 

9. A legend Or kE-y to E<yntbol8 shoa'ii On the map, 

10. A graphtcaj Eicate with H nH-rtHfipontliJiB imte J^tattng the aeab at w hich tbj map was 

drawn, 

11. A full aiol c<adhiuxMis ile-R-npEjcifi tif bHiEiriljipic^ of the tract by bfArinx nnrl 

length of and ihre an'a of the tract. 

12. Thk^ si^ignatun-s of thwn^ pckts^^ing title to the TraeE jna|iiJt^i; and, if 

ita- trad is tik an aitrlition to a Sown or diy, a di^ication of all ^treeta an^l alleys to 

uw of tlw puhlie. 

13. A ci-rt ideal ion Ijy thr spun-eyor thaS tlw plat is correei to ik^ |«-sl of bid kEkow'ltNjgcr. 

14. A m at ami expticil lltli* ahnwfng the fiame of the tract, or {ts owner's name it-i 
Iwation. tb‘ of the dmwJng funli^ thiK w shown E?L^-Hhi-fTc), tht ^nrvvyor fl mun^, 
the drafbnmrk's iknTm\ and the dattN 


l-tiO SUHVEVlS"G 

On [tiapH that tmd tirtilii.-ial rL<ttlMJx^ mwi an lh\^ 

rallowuLg }4hatild alwa>'t4 a]>pi^ar; 

L Tht din.^tiDn qf tin? nbL^ridiAii, 

2. A k-f^Liid or key to symbols itwiL if tlwy wt' oliw-r thftn ibp oommoa 

a. A j^phical of the Dihp with t* corresponding note stating the sente nt whith 
the map wn* dtnttn. 

4. A ntnil niiil appiupriate title generally stating the kind or purpose of the mnp, the 
name of tin* imct [iuip;fjefl or the rtame of the project for wbirh the map is to be used, the 
location of the tn^t^ iIid of tbi^ drawing [uitleos this is shown elsewhere)^ tbe eou- 
ttiiir inteHiiil, the nolm* oF the engiiiL«t.-r nr draftsman or both, and the datcr 

5. On lopogrnphlc’ nuipfl, a statoiiuUit of the eonlour inter^nL 

Cirtmiiltonal Siffn*- Objects ora tepmsenti'd on a map by or aytnbok, many of 
which are conventiciiuii- Far numy put^Hises, it would lessen the UiefuLnesa of the nmp 
if nil ihe obji%t 4 i wi^re hHjiwti far which eonventioruil mv avmtotikv Oa the othi^r 
hand, maps nuide For specUU purptiw”* ofteti nhuw features not. inchidfcHl amooK thei pom- 
mon ccKOwnlional sigw- A rhait of mure than 300 stondariJ symljobs adopted hy the 
VJ^. bftar<l of Jkirveys and Maps bi pnhltished and For rale by the U-S- Geolopeal 
Survey^ Washington, D-C, Hn^ sik^ ul the Hymbahs should fw propnrtioned sompwhflt 
to the scale of the EUaip- 

■Srufei. A map scale may bi> utat^^d oiLhei' tnimertcaJly or graphically, os rollows^ 

1. One inch on the drawing ropreseats some w^hole aumber of fs^^t on the ground, os 
1 La. = 200 Ft, 

'2. ?^ome whole □mnbi.ir of iochiiH Oa the ilrawing represelitH I mllu on thif ground^ as 
h in. = 1 mile. 

3. CJne iitut of length on the cirawitig repu'sents a stated noinbcr of the jianie nnlts of 
length on t he grniind, m l/h2.500. This ratio is called the rt^tseninim fra€tion. Ttv' 
!(caJe is indopendi^nL of the Uaila uf nuusULremi.mt. 

4. A line on the tnnp is oubdivldixJ into map distonct-s corTvat^mding to cunvb.inient 
Uiiita of length on the gruynd, forming n i^p/nVaf scalc^ if th^^ map shrinks or awelb, 
or is reproduced in rmotluir iu£l% the graphical scale reaioins in correct priiportinn. Thi- 
Uaiti!': ef measurement AbualrJ alw^n^'s tjo stated ^ but if the map is to bi^ Toprodiic(K^| in 
another sue it should be mode clear that the aumijrii.'aJ saato is that at which thf;* omp 
was drawni; for eiamplci ^'Original scale 1 in. » 2fXI ft/^ 

MAP FLOTTIIfG 

Plotting Control hy ProtraetDr. Where a trav^^rsi' is to be plotted by protractor, the 
poaitioa of the firat line is hxed by estimation, and its letigth (an Aff) Is laid off by 
an^un.'£rvcut. The prutraetor is orientetJ at thc! forward prant Fas H), the di'flt^tlon 
angle to the succt-ssiing line u laid off^ and a light Einc of illdL'liE1iU^ koigih h drawn. 
Along this line is laid off the gi'vx'in diRtanee to the sueeecdjag travi^nfn^ point 

fjii« F’Sl and ifo oa^ 

When thi- directions of ILntis of a EraverHc are given cilhi!r us aj^lmutha or as tatarings, 
a meridian line is draw n ihnxigh eat^h flbatinn, and the direction of the succeeding liin.' is 
laid off with r^peif't to the meridian. 

Plotting Cadtrnl by Tangant Off 5 l^ta. in prineipto, this mcthcsl h niimlar to the pn> 
tneietor method, with the tiifftmmre that an angki ia Laid off by lim!ar na^osuremenl which 
i.-i a eortstant times the natural tangent of the nngli'. In Fig. 43, AB represents the 
plotted potdtiou of the InitUll Ilia? of a Iravefia^ aiiti 01 is thi' deflection angk at [i W'hieh 
il is deskrad to lay off in ordiT to di^termlnci the direction uf HC. By tin? tangimt methoil, 
I hi; Liur laat esl fdilishiNl (in this ease AB ) Is pioLoiiged somL' cotivenlent distance, omially 
LO in., to form a bo^ line Bit. at I hi ' end of which a taTtAUkdieulaj ihb' is erecti^; and 
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the dii^tiinee ii iaid off equa] to ibe Icni^h of the beM«e line Hb multiptkLHJ by tlii> iiatunk] 
tiingeJkt lif a, A Hue dEm.wn frem it l^mHjj^h dehne? the diieelion of HV, 

H the defliH'tkjn augle k (fir-aitef dimj 45^ ufrnally the bue linr k exl4hilii!wHJ bh h 
perpendiculiir to the prteedinj; Um At ll^ point lii&t plotted, mid the rtitmifSe-til of a i* 
imni ifii*u*Ail of ibe tan^^jit. 



Fro. 43. Plottinj^ by tarment 


Plotting Control by RectAn^lor CoordmAtea. Thin method, aliio h^aT^^ ni* the 
^^niethod of tot-al latitude^ and depai^un^^^/' is the only pmetieiiJ one for p|ottinj$ 
teiuK'e B>'steiDf of honzoni al cont rol. 11 is comiderAbly more oeetirate ih&n. the imd hods 
just described for plotting traverses. Rertangular eoordlnati'S are ako r<mplo>T^i for 
ealculAting (E»ee p. l-6d). 

The coordinate ases are a rr/tffeara meridian [%rm^ nmifnetie, or assumed) AOd a line* 
at right angli.'s t bsreto called a re/erenre parali^L The intersect ion of these Jiuea, marking 
the origiitK may be any point in the pimney or may be a point entirely outside fhi? survey. 
With ihe direction nf each aurvey line d«!temiins^i and it* length krmwii^ coinpulations 
are made to determifie ila laiitud'e Anri depaftu/e or thi^ lengths of Ita orthoftraphie pr^ 
icetion upon the rTii>]idian and upon the pamlhil naipeeliviiK^ The oiigin ^viiijc b^^n 
choAerip the coordinali'A fur the aeveraJ cunErol poinlA me coinputrd by ufling the lati- 
tudi'fl and di^pBjHuii.'A. The eoordmate of a pDint measuit'd normal tn ihi^ patAJhd is 
calh»| the loiai IfUitade of the; points the coordinate lueASureii nomuLl to Ihe meridian is 
calterl the fiafol depfirlttrf. With the enordinate axi*# establkhr^J on paper, a point is 
ploltod by laying off Ita lotaJ latitude and ils total depart urt^ to the required scale. Tbp 
following p&ragraphs art devoteil tn a mure ileiailt?d disciiARon of the proctwii^ involvtsh 

Latitudea and Departures, tn Fig- 44, AB n'pn^^nti nny line the latitude and di*- 
pajture of whieh it is dewred in di-tercuini^ nnd the iimna A'*S anrl Ell' rt'preiseni any ita>nd^ 
lAii and any parallel- Tlu^ Jini^ AH the angli^ a with ibi-! m^ridinn. 

.4s the latitudf^ of a lim* is the nrthopnphic projettion of the Hue upan a meridian, the 
latitude of AB La A'B" « Jib AH nw ct. And a^ the dbpArtUFv of a Hue is its ortlio- 
graphir prnjectjon upon a porallelp the departure of AH lit A*B* m 
iStaled in the form of a general nih^ applicable to imy Ime^ 


Latitude “ lengib X cosine btiumg angle 
Departure ^ length X nr^e bemiug angt? 


m) 

m 





1^2 




T Jitiludiv flir nsi N^h tir jKwiiiVf fur nil lineup having a northerly bnexinn 

and n^uih or ii^Qiiptf tor all liiKfl having n niiulliprly heannf; Ih^partuit^ miv diwiKnaLHj 
a» lEW or p!kMi-Niw fw line# having an c4istorly liearing arid U>jir or for Uinw having 

a wtt^ltrly IxwnB, Thus, in Fig. 4S, for ih^ line -4# the latirucb k Xorth ar +, an^i 
the dL-partnn? hi hast or +. For it(.^ the ktiltiiir- k Scmlh or aad the ilf’^arture b 
East or +, For CD tht^ latitudi^ k ^uLh iir —, and ihs-^ di-partun^ is Wiist or —Fur 
DE thp Latitude is North or +, aiul the departure is West or —, 


N 



FlO. ^flr LalltudH acd clrparturs- 
□(f line AB^ 





F|o. 4^r PiFeriioFiB of latitude and 
drpBEturw. 


AdJuiCment of Angular Errori Before the Latitudes and departures of the liars of a 
doeed iravejrse are computed, the angular error of elosure u dctermiDKl by the known 
geometrica] condition^. The angles or bearings are then m adiusted nr corrected that 
the sum of the mteridr angles is (ft — 2)100% In Tvhich n Ls tiue nomber of aideif. Oftpu 
this adjustmcnl karbitrarjv baaed on a knowledge of the field conditions^ but if all angles 
have twen tneaHurEKl und^r like ei:inditi€ia!i, the error is distributeii ecLtiaHy to each angle 
in the traviirae. The angular adjuslment dopsi not yrdd true valuca, but it yk-lda the 
most probable valuetfi that am be assigned- 
Error of Closure. For any dosed lia^'enso, the algebraic sum of the Utitnden Sh 
should be equal to uun, and ihi* algi brnie siun uf fhi^ departures ^ D sboulkJ be i-qual tn 
However, owing to rtfrors in field tm'asnn^ments of tmth aright and distanHw, in 
general an unadjusted traverBs will not close on pagier ewii though the ploltinK is without 
error. The eomlitions stated alxiv« make h pu«qhle to d^termin^r the linear error of 
closure € by means of the computed latitudi^ and depart ure, as follows: 

f - V'eiSL)* + (Sw'» 

The direction of the ride of error is given by the relation tan « - Si,), 

with due K'gnrd to sign and the Qtuuinint in which thjd- l^earing Itctu 

Balancing The Survey* Wheis the linear prror of dEmirt- has bwn ilelermlriLd as 
ihvirrihed in iM preceding article, usiially corretetions ate made so that the imversc wdll 
form a mallu^inaticaJlY cloned figure, and Lhe corrections are applied to tb' latitudes and 
depart aiuf in ituch manm^r a* to make tb;ir algebraic ium equal JUr-fo. This operation 
k calU'd bofaneini^ fAe symey nr bofandPHT fAc Irowwar. fn many cases a tarefuL arbitran' 
distribution of eom'ctjons based on knowledgi^ of field conditicmfl m the best that can be 
made. 

Rules for EiJaiiMg the Survey. Thi' compa*M ndt staiim ihat the comTlion to be 
-pplixj to u* j of «ny J. tu Ui. total cor^^ction I 
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tJiis k'tiKth of th*' tiouTve 10 to ibi-' Ivn^th nf the tra^irnir, 

roffrction to be upplbmj to the: 1 


Tht’ imritU mie Staten that the 
departun-l ^ comM'tioo in 

of That eoufitt? u to the anlhjicu.-iScaJ Hum of aU tb^ 


iaLiturlc I , JIutitiidL'' 
d4ipanuiii4 ^ Jdepttrtui? 

depl^i^l *" tmvprae„ Thv OLUUpt^ nilu h logi^] for tb-^ a^mptiomi Biafie, 
aoiij is the om- uiotit cimtmoaly emplovied. 

Computacioii of Coordiuat-esr "ft hm tl b d»dred to plot puiiit>>s tiF horiEontjiJ cont ml 
by the method of poordiirntt^, iht.^ btitudiv and drparturt^ of lht> mntro] Iiim are tiom- 
puled, and \n the rase (jf a olom.^ (r&veri*c> Lhi- Mirvey u bakiin'd. Tht- origin La rhoeien. 
and the aroordinate.^^ or total latitude and total departun^ of eaeh point in the joirvcy aiv 
imputed by Fmmniing algtbraieally the latitudes and depeu-tuies respi-t^tivi-ly of litaw 
betweou tW point and the origin. Tahli^ d is an example of the computations ordinarily 
made for a elnsed traverse. 


Tahi.k G. ConJTLTATiuva rtJft Uai^nclvo Si-mer axd DEnutyisixo Cqoboi,'«ati:^ 
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Platting Coatfol by Coordinates, tJn the tinkwingf papisr^ an enctotdiig rectangle w 
dmwn to tbi n.'q^’d HCftIo, its jwsltioit bring fixed by eftliiiiaLiun frciu a enottl^HzaJe 
rketeh^ Ia^I tUKL liFig. -Tti). be ihe eiictwing leetangb for tki Lraver^^ for whieli ihi- 
Cijinputatiotis ajc given in Talile fr, Tk mecangle Hhtmld l 3 e dmwn aith peat cart amJ 


































































SUBV^YINQ 


chi^biyl by ACAling the lengtlw of the dMisoimb- The IpoLtiaiui of the reference luenLiijui 
ttiid refcriMice piinJk^] dclermined by tb* di\vn of ihe endowing re^itAngle. 

For example, in FiR. -l^i the n-ference p&niiliijl U liKstiNJ by icafirig /4 and KM eriiiflS ie 
3S7 fl, the total lalitude of the most ^utberky point of the mTvey\ The location b 
rherked by iieailinK AH and ML eqim] to 1JQ4 ft, the totaJ latitude of the moot nortberly 
point of tiu,' atirvev. 



Fto^ Flollinc eoalrcil eoordjnatefl. 


Plotting DetahA. If an object ha^ been ioAittd. in Iht' nikM by I he metbixl of nuUaliun, 
on I he map a line bt drawn frirm thi^ plotted toeaiion of the instrument Nation in n dii^o 
lion coTTuspofidiiig to that on the ground; the cLUtance froni station to obj^et is thim 
jiadcd off along thij* Une. !f mi object baa Iwvn ]i»cmted by JnterBcetion^ the earfea|iaiiilipg 
angk's an.i Lairl off from the two cotilful stations, and the point is plotted at tiny intet- 
sertjoTi of tbi+ two lines thus ck'ltned. [f an object has bei*n loeated by linear tm^asui\> 
mentis frein two aLaiioiiB^ It is plotted nt the intert^^ion of nrisfl of the given radii drawn 
with tfu- drafting oompass. [f object# of somrw'hat indeiiiiitcy form have been beatud 
by perpendicular offwts from a travenw line, usually ibifSii offisnfa may be plotted by 
c-stimatihg the perpentlictilnrs with the eye. The anglers are laid off with a protractor. 

The work of plotting details is li.^ n^bned than that of plotting the horizontal etin- 
trol, but tla- aim I# in pint obims of drffniU- fiiso ami shape wiihin the nllovabk Iknit of 
error. The locatioo of all important deiaile should }x‘ oheckLiJ by iiiE?wqjjremeut, and that 
of importnnt abject^ by inxpectian- 

Omitted Measuramants- When fnr any n?a«Jn ft is impoRBible or impractical to deter- 
mine by Held ohservationfl thtt li^ngtl] and beariag of ftver>' aide of a dewed traveraCn 
mbwing data may be computed pcnvided ihnt not more than two tiuantitiea tlengtba 
nndyor hewinga) are omitted^ 

Thi^n' arc thm genrnd cami: (1) Icnglti ami beating of one Bide unknown, (2) omitted 
meaaurementa in nd^Ofninflr didea of the traVelw, and (3) omitted meanurementB In 
hionndiotnorg ifkliar. In CMe 3, the Bolulion involved changing the cider of rridi.^ in sudh a 
way as to nkake thi.' two partly unknown judea adjoin. 
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L and B^rin^ o/Om Side Unkmim. II ihr Bij|fi4jrate fltmi nf iht*^ tatitude^ and 

tbc a^g^bnuc mm of thr departump of the known fidtw arc di'fiiictintfd; by 

^£. and ihi'.n Lh^ IfiiiKth of the unknown giife in 

N 


^ = VCSf.)“+(SJ>}» (56) 

{Old tho tfijigent of thp bonjiriR nfij^Jo id 




(ATI 


Hith dm- rn^f^jd to 

2. Lengih One Sidr. anti Bearing o/ AKedher Side Utt- 
knotTft. Figure A7 repn^mt** b elt^Kl tr&verae for whieh 
ihedirx't'tiou of the line DE - d and ihc length erf Lhp luu? 
EA — r an? nol determimHi by held niE±afiUJtrniehtA. Let so 
iraaginajy liou extend from D to A, cTiltiJiis off {hv unknown 



sides from th^ remainder of the Then 

forms a clni9ed Iravorse for whieb the side DA ^ f if unknown In tiotb iliroetlon mid 
length. By the method of thi- prirceding paraKmph+ 


and 


tan bearing angle of/ 


dup- / — (liep. a -f dep. b + dep. c) 

iat-/ —{tat. o + fat. ib A- lat.^) 


I.«ngth of/ 


lat/ 


dep./ 


roe blearing angle of/ fdn bearing angle of/ 


(58) 

mi 


In eumputjn^ tin- length of / by (59)i it la deaimbh! lo urw the targiT of tb- two 
ftuuititie^K lalitode or departure- 
Tho angk* between the lin^ e and / in I he triangle A BE Is 

Z BA E ■■ a^tmutb erf “ ai^IniEith of A D (601 

tn I hr- triangle A DE, iho length of the two sid-esp d and/and one angle BA Fare known. 
By the relation that Mnea of angle# are pruptprtionat to fldL^ oppc«itt% 

nn OEA = £11] DAE- (01) 

4 


With angle DEA knowm^ angle ABE tan be computed, and the remaining unknouti 
length is given by the I'qaatinn 




aui ABE 
sin DMA 


ain ABE 
'^ain iJAF 


(im 


AIk»^ the airimutb of DE — aaimuth of £>/l — ZA BE, 

This method of isqliiUoit is generally appli-ralile even though two tianly unknown 
courses are not aiiioining. Obviously the latitude mid the doparlitn* of any line of fixid 
direction and length an^ tlie same for one kwatlon of the line an fur any others Ako, 
rtgardhw of the unU'r In which the line* of a diieed figure arr* placid, the algebraic mm 
uf Ihi's latltttdesf olid t be algebraic sum of the departUTY^s nius t lie xem. Hence^ iwu 

partly uuknown Fkie^^ of a closed traY'iime an- nof adjoining, one of the «idei!i w coiRidend 
an inovid frum itH location to a second Incut ion paralk-l with the first, such tbal the twy 
partly anknuwD slides arljoin^ the solution then becomes klentieal vhh that just de- 
seribed. To simplify the probk-'fn tht! data are usuaily plottid roughly tu snuill state, 
When the huglh of one side and the bi'aring of another arc unknown, the soJutiori 
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lU't^ribiKl ui thin ^jtlu will j^Giuimllr ivitdifT two vidiiBS of of thi? unknowoj. Often 
i1 [s impoRFihlp tn tell whieb eju the E:om^Et vBliu-^n luilf^ thx.-^ i^''neml dircirtioa of tbi- 
riidi' id iinfcnnirp heArinpe ^ 

I Hi- AiLp^k’- hetwi^i^FL ihi* p^Ftly unknown Mnm Bpprajifhivi W'" thi! iHilutioii bi-eomm 
wnttkjajid thr anub- ltt^twt'^*u Wm^s beecKnim MmaJl 

tbi' i^lution beronir^ Ptnrng, 

3, 0 / TtrttSiikji Untimm. In Fjg, 48^ AB<'D 

rvprt^ntfl lbt‘ portion of a dotted trav^m? for which ihi.'- 
eoum-f ttre known in both direction and and lltr 

lintiri DE and F.4 nre cemnse#! far which tIk^ din-ction w 
known hut the length L* unknown. Fn>ni tb- tiitiludi-^ aihI 
ik-partof the known tJu^ iL^hKth and iM^ariiii; 

of the dOHtUg line atv rtvOlpliUd; aoJ in thv Irianpli' 
A DE tho aUjd'^ and E lire coniputcHi froin known 
direetiofii* of the nido*. Thi* jonitth^ OE ELtid P^A bok delormiiuHj thmu^h the lelittlon 

DM ^.4 DA 
lan A !iun D eho A 

If the two line? wv ivui tsdioloinit. thi' prohlen nmy be saK’ed w* though they wtth\ b3 
1 -xptainf‘d in 2, Ajt- ilw* anisJe between thi' partly unknown line? apjirtPiiehL-e 90^ ihv 
solution fc>eoon3os ?tron|!; hthI m ihv luiKk ttppFUBpHifrt D® or 180^ iho jwlutbein iHTooiiiit^ 
weak^ the prohlom being indett-rminate when the tines are pamlbL 

4. DirffUm fff Tuo t'lr^aou-ii. The solution b shnllar to That di-swritn'd in shi’ 
pnnx^iing paragraph. In Fig. 4S, if DA ie the dosing sidi- tif the known p4>riiuu of [hi- 
traverset it? direction zmd length are coraputed; then tht' length? of The thn-^^ sidiw of ihi* 
triangle ADE nre known, nnd the nngk^ A, D, and E ran be eomputi^l. 

The general direction of at k‘a»t one -of the partly unknown Htii-it musl he nhsH^n^f-d, 
Hiur^*^ the vulucB uf tlin> trlgo-nnmi-'tHe ftmctiofid^ tucroly ih'tennini^ the ?hapi^ of the trianide 
hbjt do rot ita p(Mitioti. 



Kio. 4S 



CALCULATIOll OF AREAS OF LAND 

Ai^a by Coordlnites. In Fig. 49, AE('DE 
n^pnhstTiia a IracL iho arL>a of whieh hf to lar -eIo- 
termined, SX a refenmei- tnmdtan, and H'i^ a 
ntfi^reti-cc pamllcJ. The ctKirdinalc-fl of .4, E +.. 

F an^ ktutwti; far any point ibuAr eoordinativ 
im' iHt' pi!rtx'ndiL'ular dbran-H? from tho rertT- 
ono' iru'Hdiati^ defined ajh the total di-panun.^ 
or the mcni/ifm dt^oudf, and tin? |wri)cniiittilar 
difftatirE? from the n?fi'n'nft^ parallel, ^lefiiii^l ai* 

I Hi' total latitude or the ptiftiUcl dixfdlrCC. Tliim, 
f-or .4 the mi'ndlan dbtance u a A « mi and thi^ 
patalli4 dUtance ta it"‘A « Meridian dls^ 

Tainx^ am ref^ded a? pfwitive or negative ac- 
tonling to whether they lie caat or wesl of the 
n.derenoc meridian; parade! disdaEct*? are fr^ 
ganh^il aa positive or negative atoonling to 
whi-ihiT thiw lie north or south of the refer¬ 
ent,' paralk'l. In the figuit' all nu'ridian anil 
paralkd disrtaricee are popitH'e. 

The area of tH- traCt ran he m-niputefl by 
?umjniLiiR alKi braieally tht' ikTW of the t ratK-£oids fumTcd by proji-eting tbe lines upnti 


KiOh ,\ivik hy -rrMiinlinateTi. 








CALCULATION OC AUZAS OF LAND 


H17 


tbt- referenrf nwriJUn^ thus 

Arvn ABCDF « HCmj -j- *Pfi)(pj — pi} + H(*«a + frt^Up^ — piJ 

— H(w** + — P 4 I — — /Jsi — + ^«l)fps — pj) 

By muJtiplkBtiotj aiifcl a fi^armn^iwru isf UTnm in thi^ oquAtion^ Xht'tv w t>ii- 

taiajud 

12! BltrA =* H" P^fwij — mii^ 

-f* pitwj — Ml) + Ptf»'M — ffiS'i 

Rtih: Tn d^trrmjinf fhf Itrfo a/ u (rad htid \ckrn thw rintrdifi^lfs 0/ Hs^ cotn^jf nrr 
kuotm^ tnuiiipl^ fhr peiru/M rit'.i&lJ'Wf, ur tttdittait, mrh rttrfftr ike di^errnrit b^itpeeti 
ike ffferidiau dieianC^P^ eiitSfiMuir, q/ the /vUviPirL^ attd the pffceditt^ eatnerA^ almipit 
tiigpbraipoliy the ftflliiiriup /rum ihe fureietiittg, Ont~htitf c/ fhe aigebrair turn 

ike rtxuliing productM in the required umi 

A rsyfuJi kli'iaiiral «i5Cfpl fur we^uI-iJ \m? nbtttinetj by aiwiiyif ^uhtmctinif thv pn^ 
oNiing fwm iJu^ foiluwing. Thi^ ^jgii uf ibi- rth* h nnt i^giufieant. 

Eiiuntion (<541 t'flii aisfi be eKpres-^fif^ In the form 

2 fl.nm m nt|pi + rri^Ps 4' Wfjpi -|- ai|ip| Hh ■^aipj 

— m\pz — f^iPi ” nJiPi — ~ mspi 

WliL-n tMf! form ii employed^ eompuiaticinA ^dii ha- timtie eahtenb'ntly by raljiabtinp^ 
f&ch parallel Elibitanee below I he roireipooding ZDeridiari dL^laan^ tMP fullowa: 

yfnt,\ ymi 

t67) 

Then in Eq. (tt7) the differn*!nee betwNri]!ii the sum of fhe produef:* of the eooDiinate^ 
joined by full linra juirl the sflmii of the producTj* ef the rooniinates joined by dotted lines? 
IB eqiiftl to twiei.^ tbi> pLTi'a uf ihn- iraet. 

The method may be tnetiilied by LtiterebEkngini^ the wurcUi “patfallel" and ^'im'ridian.” 
^Tien the comeri* an' ncit all \n one Qimtirant. puj-tJeular attenlion inuel t>e to thi* 

atgebniir pigiw of menilhui and pamik-l 

Principles of tbo Douhle-Tncridian-distaiiGe Methnd Tn eiKiipuling aeea by tiM"! 
douhk'-niEMiEiEaTi"r|h=[aiire loethud, the Joititiidiw hjilI ih'fjaiiuw of all the mum-fl nn- 
detenniiied^ luid tfu' sun-ey w hahiiiiei>Ei. A ifFerenet* meridiatL is ibtHi aj^juirud to jiass 
thrtmgh «ame tFtnner nf thi^ tniet ; the drjubje tneriifiiiii distaoet^ of eaeh line rompntetlj 
and doubkf the art^as of the trapt^utilH nr iHan^h-e furmiKl by nrthograiiliieaJly prcpjeeting 
the Bt-vernl tritvtw liTjas upon the iiu-rhiian are eutEipnti>d- The atj^-braje sum of thesk- 
double aread u double the arE:n within thu 

Tlh> |a-n>eiaijcuhir distanee fnmi tJa' luerirdiaEi Eo any jxiint in ihe travem^ is called the 
lot id departun- or (be meridian dietnfM of the point. Alendian distanecs are ci:in.^idi^re 4 l 
aa t>eing positiw if they lie of the reference nu-Hdian and negative if tla^y lie wcfit of 
the n4en-iice mt'ridiaru 

The sum of tbi' meridian dbrtajketf of the two eKtjemllii«a of a -Straight line is called the 
doubie mtridmti dinfnnrr rOMDjl of the iiiie. If dh- meridian pftF^-a ihrongh the most, 
wmerly cerrH^r 0 / the travum*, the double mendian dJjtaiiee of aJ3 linL^s will ts- ptadiiv^^, 
which is a cnnveniimee (although not a ncce^ity) in eoiiipnEiEhg. 

Tlie length of the urlhographic- projifcfioii nf a Erne u|Kjn tht* jneridiim in the latitude 
of the Eirwi, latitndi^ being EXUiBidcred hs posit! w if the directinn of the line hm a northerly 
eomponrnt and nt^jpiljve if the direction of the line has a soittbi'rly eoiniPOiamt. 

Earh tnkpi^iioiij or Inangk for which n course in the lni\i?r^»e is mte side h boundi'd on 
the^ north nmi jkiuth by nu^ndLan distances and on ihi- west by the latitLide of that course. 


1H>S 




Tlwn>fi3fie the double aren nF aJiv IHhiikU'! or traptfioiJ formed by ^^rojeeting a given 
course upon the mendian v* the pmdiJcL of the double meridiAik distance of tbe coun^ 
and itff latitude, or 

Double are* — DMD X latitude (68 ^ 

In computlDg double aiuas, account is taken of dpi?- If the nKiridieui estends I hrmigh 
the most westerly point, aJ] double meridian distances are pc^itive; hence the dpi of a 
double arL% k iht^ aomt as that -of the coiresponding latitude. 

Follovring arc three convenient rule^ fur determining DMD^i: 

1. The DMD of the first course (reckoned From the point thuiugb which the reference 
inetidian passes^ is equal lo the depart ufv^ of that course. 

2. The DMD of any other eouree b equal to the DMD of tb- preeeillng eouree, plus 
the departure of the prteeding coun«t\ plus the departure ttf The cuunse itself. 

3. The DMD of the last course is numerimny etiual to the departure of the course 
but with opposite sign. 

The first two rules are employed in cumpuling values. The third rule is imdid aa a 
chtrk (in the com^ctnesw of thi? computalinfiii. Due regard must be given to pigiei. 

Arta within Cloaad Travaiia by DMD Mathod- Following is a siijumaiy of the steps 
employed in ridculating by the DM D nki.-sthod the area within a closed traven» when ih^ 
lengths and bemiiig'i uf i}w sides are known, 

1. Compuie the btiindea and dispart un^ of all coursea an described on p. 

2- Find thi; orrar ni dusunr in Iatitudi.i and in departure as deseritHid on p. 

3. Balani^i the loitiTu^Jas and di^panurcif in nceordance with one of the rules ipven em 

p. i m. 
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4. Aniiimi* ihmt ilia? mftfJfT'iict? (ruiridtim paMua Uimikgh thy wi-iilerly p<iint in the 
flurirtiy, 9 hd tniciiliite the DMD's by the mks of ihe pntKSfdiq^ artiulc^ UFing llic cor- 
rwl^ed (k^parturcfl. 

5. Compute the double areaB by multiplying wicb DMD by the eom^poatUog eor^ 
rmt^i latitmkv 

tl. Find the Algebmie euiu of tho double Jinw., nnd determiiKi the &nA by dividmg 
thk Buiu by 2. 

The foregoing ^eps ure illustmted in the compiJtationB' fhown by Fig. ^ in whjeh the 
flrefi of h tmet within a tmiu^it Iravenit; b* dclermiTied. 

Arem of Tnct with Irregular or Cunred Boundariei, -Often nn irregular boundary U 
not A aharpty defined line; and if ntfaeti from a traveme line are tahen autEeiently cloae 



tog^ther^ the error Involviai In EM^naiilering thy bmindary' aa aLralt^t between o^Faeta ia 
AF- compared with t.hf' irtamimokta of the meiiHUnKJ uffKeta. When thia asaucuption 
U made,, as is UFunJIy tho rane, the az^unifd brjiimlAry Inkc^ sonii- mieh form as that £h 
lustmted by the dotted liniw (^h\ eto., in fig. and the arr-a^ bc^twn^n offaeti are 
of IraFK^Eoidal j^bnpe, UndiT nuch an asaumptiun, irregular an^ai^ are said to be eah 
eulated by the impentidal mi^hod or tlie ^rapttmtinl rufe. 

Where the curved Ijoyndarieii are of sueh 
dehnite chanicter ns to make it jui^tifable, 
the art* may he raleulatiHii somewhat mort< 
areunitely by a^uming tbEtt the l)uundary 
is maile up of SEegmentj? of paratiolaa and 
computing the area by mf^hird 

ndf. 

Offsets at Regular Intervals: Tripeeofdal 
Rule, Fig^ S2 n-pruaent a portion uf a 

liuet lying between a t.n&verse line 4^ and an 
irn>gular Iwimdarv CD, offaels At, Aj , _ having been taken at the regular mtervalA d. 
The imirunatiun of the areas of the Itapi^ioids comprising the total ama is 



Pin. 52. Area by 


trjipexciifliii rule. 


Area 




A^a^ll + Ati 

- 2 -' 


( 60 ) 


Area 


-c 


Ai + K 


+ As + Aj + 


I 


m 


&lualion (70) cnay be e3tprem*il runveidenlly by the following rule: 

Tr^pexaidtil Rult. Add (ht Hperupe ii^f (Au ojseb fo fAe mim of Ihe irti^m^uiie ojfsds, 
Th€ product q/ the qmHiiilf (Al« dricTFiain^f nfid fAfl rcrJUHicra ifderpal hHiPstn offsets if lA« 
na^uiVed oTSO. 
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SURVKTING 


OJIaecs ft! Rjc^Iat In-bervils: Simpsdn'G Rule, Jd 
Fig. S3^ let AB be a pprlicm of a tnmvTv^ Iw, D^V 
& portion of ihi- curvtni hpundiir>' sHaymiHi to be the 
are of n panbola. and ftj, and Ai any three cooflecu- 
live ii>ctdi](oilEU' nflgiels^ from travoree lino lo bmindury 
tjikf n at the regular inlen'al d. 

The area bolwii^n traverw Wnt and curw- may be 
eutD^demi ae eompewed of ibe trapeEoid ,4SCf> plua 
tb«> anp& of the RogmenE bel^t^Q the parabolic arc 
DFV and the ecimtHponding ehord DC. Om? property 
□r a paraJMj'la w lhal I he ao-a of a n.-gineiit (bs DFC) 
» to tw^Mhi^i^4 rite ana. of ihe enelo^uig patidleloKmat (amCDEPC). Then the 

ana ln^Lweeil tise IfaverR- iine and eunoni beuniiaty wllhia thi' length of 2d is 

I + A|\ 



Kin. 53. Area by SimiHon'K rule. 


Ai,z 


.. a/ 1 


(711 


“ ” (A| + + AaJ (72J 

o 

^Hmilariy tor the nest two ititcnniLbi^ 

M,* ^ + dA| + Aft) i?3J 

The aummatiuh of thi-sse partial areas for (ti — inters'^fths n being an odd niinil^er 
and representing the number of offflctSp h 

Area " — [Ai -j- + As +''' A ^ J TA? H- A 4 -K ^ ])| (74j 

wbirh is conveniently expntHUMl by tlii+ followitig nde applicable to any nts? where the 
number of offsets t?i odd and the intervnl bt^lween thl^ niTHetJt la ttiiirurm: 

SiTftpwn^M Rult. Piud iAe vwn 0/ th^f. ri-id fdwt twit^ the gam (?/ &id 

inttrmtdt^€ offutis, pliAJs four times lAr mm 0/ lAf «wpi .AfuZfipl^ ike 

qtmntily fAlM detenfiinrd arw^iird of lAe COmifVffT itdervat heiirten njf^cta, qm/J lAc 
h the reqmrtd urea, 

If thf total number of offR'ts is ei?en., the pnrtiid area at either end of the eerica of 
offret# is compute^l separately. 

Offsets at XfTfrgiilAr Intervals. Th' melhod of criorfJ] nates dcseiita.'ci on Pr 1-66 niay 
lie applied tn UtP ptubkiii hy as^fuiiilng the origin ah; i^idng i'l-n ^hl^ ttaveriie line and al the 
^Kiint where tbe^ brst o^set is taken. The coonlinate are then itu^ Imverw^ line and a 
line at right angb# llaireto. The rule given on p. 1-67 may then bu tu the foibw^- 

jng; .\fahijdy the disJanfe ifilmft the trnpfTse) if r^rA ifUmurdiaie off^ifritm the fir^ iht 

dtffrretice betireen $hr ttro adjiltffd ojfiwiA, qhnri^ /mbtruetitiO frnm ihe prgcedihg. 

Ahm, midiiptrf ihe of ihe Aim? tiffee.i fram the fir^i the mm of the laxt i Wf} ojsetg. 

The offltfljraic mm of these prw/wrfs, % tura^ is fAi* regui'rrd area. 

Arei Cut Off bj a Line betweea Two Ppmtg. In Fig. 54, let ABCDEFG represent 
a tract of land to be di vidi-^l intfi two parta by a liiu* e^tientiing fr^jio Ala D. Um demired 
10 deU^rmiiH? the length and tlinhclion of ilie eqtoff line -ID without additional held 
nieasuremenls, and to calrubtle ihn an^as of each of ib^ iwo part^i into which the tract b 
divided. 

EiihiT of iht' two fwrta may U> etnuidored as a cIummI I mverse with the kngEh and 
hearing nf aide D4 unkneoffn. Cunsidi>ritig the jmrt ABCD.i, the latlEuili^ and 
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cli>pArtilr»H of AH^ if(\ and {*{> an.' kIvcii; heiict* Xhi tatitude, dupuliure^ ItMifthn and benr- 
ing of DA may ho detfirminod am ckvieribod on p. Thv* an?A of L4th€r part can iht'n 

ht found hy ihi^ wirdinat^ nks^thod or iHcr UMD mi^lbod. 






F[q. M 


Aj^a Cut Off hj a Lme Rmming in a Givfto Direction, [n Fiflt- 55, ABCDEFG rep- 
respnta a tinset iif dinu^nidotw, for whirh llte eciiTH?led latityJoa sLod dcpartiuTS 

BJ¥ gjvt n; anil DU tvpn^nU a line, miming in a nivofi dimet ion, which Through 

ihp point f> and dividEa the trad into two parte. It u dt^ired to calciiLttc from the 
pven data ihe lengths BH and ^A aiwl the area of t^arh of the two pnrts into which the 
ifEct is divided. 

Either of the two parta may b€‘ con^Jen!d as a plowed iravcrse for which the lengths of 
(wo ^dcA an? unknown; tbeae lengths can bt computcid as described on p, (“66, Conaidor^ 
ing the part ABCDFLA^ the latitudw and departures of AB, SC, and CD am known; 
from these the Icnglh and bearing of DA am computed.. In tht tiiangk ADH, the 
lengths of the «dca DH and HA are found, and their latitude* and departures sm COm^ 
pute<l. The area of ABC DM A b then calculated by the coordinate method or the DMD 
method- 

To Cut Off a Rtiinired Area by a Line tiu-ough a Given Point. In Fig, 56, ABCDEF 
rcprtflf nta a tract of known dlmctudon?, fur which (Ju' eoirwlL'd laliludk* and departures 
am givtm: and G rcpre^iils a poinl In the boundary, (brough which a line is to pass 




cutting off a tcuuin^l area from the iract. U b Assumeii that (be iknm w it Kin the tract 
haft btHin computed by the co^irihnatc method or t hi- DIA D method, and that a sketch 
of the tract haa been prepart‘<i 
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eURVETING 


To fiod th* lungth and diructkm ol tbe ilividEiig the procedure is sa follows: 

A line GF is dmwn lo thsit iwuer of the truTerse whkh, from Inipectbu of the sketch, 
wiU eome ful'ShtsI beiiijs cm ihe n?quirtd lino of dJiisioa. Ttup bititiph" mid dopartiu^ of 
TG are coenputed- TIkiii in ibe trtkvprec ABCGFA &!] aides an? knciwti GF- By 

the methods described on p, i*65, latitude, departure, Icnf^K (tnd bearing of OF lire 
de[eriCLitu.d. The are* of FABCQ^ the lynount cut off by tbe line FG, ia computed. 
The difference between ihis area ami I hat rcciiimd ia rDUnd. 

In the Jigun*, it i" a?^umed that FA BCG has an art^a (5[n''ati^r than tbe dedred amount, 
GH tn'ing Lb' correct position of the dividlnjE liw^. TIk'h the triangle GFH feptt-^enla 
ihiiP anra: and^^ m the aiigb F tnay be KimpUted from known bearuiga, there are 

given in thia Triangle one ade FG, one angL> F, and the arefl. The length HF ia com¬ 
puted from the relation^ area = erh atu €: 


HF - 


2 X area GFH 
FGsmF 


(74) 


The triangle tB then solvcfd for tmgli? G and length GH. From the known dlreetlon of 
GF and the angle G, the boanng of GH is oomputed. Thy latitudes and departures of 
the lineff FH, G//+ and HA are then computed. 

To Cqi Off a Required Area by a Line Rumung in a Given Direcdon. In Fig. 57^ 
ABC DBF reprL-«!nts a tract oF knuw^n duDenMoai and mou, which ia to be divided into 
t wo pari.^,. eneh of a required ania, by a line running bi a given direct ion. The corrected 
hititndr? and departures am known. 

Through the comer tliat Hktly lo b- nearest the iLtie cutting off the rL-quireij 

mea, a trial line DG b drawn in thi- gi^xm direction. Then in the dosed tiavcrse GBCDG 
the ktitudivfP and dei^Eums of tit" and F J> and the bearlnga of OG and GB arc known, *inil 
the lengths DG and GB are uukoDWxi. By the methods given on p. 1-60 these unknown 
quantities aro Found, and the latitudr^ and depart urea of the coiirHes are determitud- 
The axT'a cut off by the trial line is ralcuktod- The difference belwix-n Lhb area and that 
required w represented In the figun^ by the Erapozoid DGJH in which the Biilo DO ia 
knuwn. Tb' angles at D mid G can he computed from ibe known bearings of adjacent 
sides, and in tbi^ -my $ and d are di^tcrmined- Then 

X* 

Areii of trapesdd - DG^x + y (tan # + tan t^) (7fl) 


in which tan s or tan ^ ii positive up tiE.'galjve according an S or si lie? within or without 
the trapemdp and x is the altitude of the trapezoid. (In the hgure, both artgirs lie with¬ 
out the trapeznidp and himoe both tnngenla are negatived The value Of x is found by 
(totving ihiH equation. Then GJ = ^ sec DM ■ x see and /// - DO + x(ran S + 
Iftn ^), in w‘hieh ib'? ^igns of tan S and tan ^ an^ an given alxivc. 

LATITUDE AND A21M0TE 

Latitude hy Ohsarratioii so Sun at Nrwm. Tb' latituib of a pvt n slat ion can be 
di-lermifwd with a fair degr»H- of picri^iion, orrlinaiily within 01', by nh,trying with tb^ 
engineer's iranisil the jUtHude of the sun at local appanmt wb^n the cun crofwefi 

tlie meridian, tf the loniedtuib of ib- plairv is roughly know/u it iw utnii^reK’ary to olwervi+ 
ibi' liimjj fmt if tb- tongittide is unknown^ thr? staiLdiird time of the uliflervalion inuat bv 
taken. The problem coiialatH In Ehuermining the inae aitliuiJe A of the center of the huh 
aliovc ib^ cek^tlal horiaon and computing the appan>ni declination i of the mn at the 
instant of sighiini^ Ttwn the latitude ^ in 


^ - A -h 5 


(77) 
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Tbji JiDrliuhnd cEtMj hair iff cvniliiuously un t.4lbLf thjL" Juwxt or tlue? upptr limb 

uj' thi" until Fun nwltf? itF ixm^Ernmn tLltiimJi^ imii bcginB its fl|ipBJvnt dL-scent. 
The tnuT nJl Itudr nl Th<- sinlN n-nter w cli^terxiiim'd by tkiiptyirjK to tlie oii&t'j-vod idtitEide 
I hr ■t'yrMtkiiiH bir iinJrif rrmr, m^midiiimrtiT rphi^nirnF), uEici rE^ra^tiuti and fiarailaK. 
Thi- l&tituik tF tbcii lii'trrmincd by Xlw -i^untinn j^vra abow. tt ^^ibuLilcI bo Jiuled tSial 
tliu of iho eom-etioci for rt fmftion lUiJ pumllax if Hlways Tlir Fiicn of the 



Ym. ^. Lath udr hy ollaMm'iillnn otv ^un ftt riooD. 

iloriiiLAtkciii U iir^tLyr from .September lo March and Is fur tho rvnmiiHli^r of the 

yea-r. 

Tlir helJ hottis and coFn|nilatiunj= are madr in n fmrm simibu- to (liat nhown in f iR. 58, 
Fur ihiiFP ohHervtttionF the hingilddM at the wbf unknow^Ei, and the fflaitdiyrd linu* 
WKLH ri'ctFEtlrd Only the wna^a Itm er limb ixas t^ERhlini- The itiL|r?t rrtur waa dt^trmiicHxl 
by duublE^-EiiRhtinR nt n mark^ the letter? L and H in thi? rotuuin hi-ndi-iJ “'CLrctr” 
die»ti‘ whi'llar the vertirfd tinrlr waF left or riRhi anii tb'ndort^ whet hr r the tilrFcupi* 
wart nEirmnJ or iiivt-TtetL Ai* thf^ avaJlidilr rphi rw Hrt Rave valued of drelmalkuti at 
CnHT>wirh apiiarorkt noop, the watrh tittle wafi rtinvrrted into Grttnwirh nppanmt 
lime. In the line fa^nniniE the chafiRu ill d+^ehnatiunduriiiRthe l.Ri hr that « la|Mi>d 
Gn^mwich appan'nt ncrtu welh compnlA^t by midtiplyitiR thr l Lapsed tinm by t|u' 
vaoTiitioP pt»r hour 157.fi* ^ taken from- thi* rplwJiTirt'-ripi. 

Aiimnth by Dinct Solar Obserration. Tfie meirnuth of a tine ean be determined by a 
ntiRle tiliFprvation of tin? sun at any time when it vL-ibk% provicEod latitude of thi* 
plaw U known. With tk^ enginwri? tmnFil, antler otdiiiiiry roiiditionF the aiitnpth of 
the line can be dcterminciJ within akml 01^ 

At a fciHiiWn injttan^ of liime tbi nun is ob«H?rviah nnd the altitude the san and ihr 
fionEUTitai angle fmyn the sun to a givo-n n*frn^n«^ tine an- nteaiiurryl. The ijertinalioii 
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of the mn m ihi- giwn itwtBuat ht fomwj from n. H^bir VVUb tha dL^lLnAtiun fi, 

Itttituiic^ Mid sllitudc A ItnowTi:, tbi* wdmmLb A of tfap jnm from soulb Wf pviFn by tht' 
(kqimtioo 

<x» A m i*n h Um ^ — S!!Lf— {7a) 

006 A 008 # 

The azimuth of thi^ sun nncl thi^ horizontal from itji position to the line hernia 

Icnnwn, the azimuth of the iine n^Hly romputed. 
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Fiu. AiiniutL by obt^rvKttOh ^uo. 


Tho u^iUftl proctHiuo: Um follows: Thi.': tram4t ituvi up and vrry wilfully levels ovit 
oek’ unct of tht.' Wmi. Tlx* A is at jmto on tiw horizontal riroto, and tht^ n-mlitiK 

id thf vi mier Lh notisl. A fdght w taken abnn thi^ j 5 i\x*ii line with ihi- E^liwtipe in, 
the nurmaJ jiriidtiou, anil Uh^ lower motion f^luinpisJ. The upper imuion h looft.*m.tl, 
atuL a ’^Eght b taken at the sun, tht^ vertical and horizontal balm toeing brc»U|thl 

tan^Xriit in tlx- iipp^^r loftThand quadrant of the Einhl nf viow IF the obM=>rvntion is in Lhe 
morninc^ nr in the up|**r right-homi ^luodnint if the fdK«'r\^ation ha in the ofterntiou. Al 
thi* insdanl ciF tangii-oey, Ihi^ Eimv w ofw^rvtd. As quicrkly lu* ci>uvL nHinl, wrticol and 
hnriznntol arele n>w:liiims oji^ luken on all vemiej^t. Thi^ up;itT juulioti if? then loo^ned, 
thi* 18 pimusecl, Olid n HnooEird pointing bf tiuule, this time with the sun in the 

dU(K<xLaLly i}p(KMcite qumlriuit from that of thi' fimt oljtfvn.-ation. The lime of Uingeiicy 
in libservt'd, and ihu v^irtimE ooii horixoiititl unak^ oji^ measured ao lo^rnre. The uppiT 
motion U 4 ttMwieqjed, atii! the field work i* ronipleti'tl \iy o^oin aightlng aJona I la* liEie and 
n-JuJitm the honZ{»EitaJ cirek' with thi? telf^eopi- still invertedr The mean of th* two 
olM*enH^ althudr74 is token ne tlm apjfcarent HltiLtiile of thy ftiin'fl A-iiter al the mi-iuj of 
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ihj' tWfP tiou^ SimilAriy, th*j iiu'hji of iht twn horizoiila] is taki'n thi! 

Jiijn;u]fiinJ anjclt' to tb.- puu^# at tlii^ me'ari of tli4? o^jiw'rviwl tinioa. To thi- nun-n of 

lb o}iS 4 ‘‘™N:l aitiliicli^^c is bpptiid ibo cnirpriioBi for mfmrlinn and pamSlajc. Tb puia'i* 
iipimr^nr iWHnnlion is fnund rrom a 

S9 illuidrHli^ a puiLaJdi* form for thiP^h btibiis takon wilb a 

tmiuiit havitii^ a wflinil nrr'h* re'adiJij^ lO'O'li^ and a lioriJEontjtl rircli* to 20*. Tt 

isi J**>tn that honioiila] ttnp n'wd from thi- asimoili tippk. Ao giving 

iJi^clirmiinna for Gn^cnwioh ci\i3 linn* vna^ uecd. 

Polaiii. Figum m showti tb- toiitioTi of Pularip with nisjicoi to tb pok*. Tbt.^ m*vtn 
itiUttl brilHiuiit in tb coivtidlation of Ilnsi Major am knowEi a^ the ''Gmat Dippt^r^ 
artJ tW two elars forminiE thi^ part of tb ImjwI 
fmm tht haridli- an- called tht 
|p4'eai4M< a tine thmugh thi^ at^rfi puiniH wry 
TMwl>' to the cfl^tia] north poka. Tin* con^tcIlftF 
tinn nf CassiofaMa b* on lb? iMUiie M-de of the pole 
Ad Polarid, w I hat, when Ca^diopp-ia is aliove tb 

pole, Polaris is ntiw upjM^r eLilniinAtinnK etc. 

Tbi’ ^"Ephemeris of tb -Sun, Polarw, a£id 
Otbr Si.4'C!li-il Stan*/" pqbIwbMJ annually by 
iIm! IJ.8. BiiFitiu of T.anil Maimg^nirnt, jpvisif 
v-duai «f tbi? tltvlsiialion lyf PolarLs and (hi? 

Cireenwich im-an tLni-of cLilminatioiL al thenp^d- 
dian of Cn'^'iiwicL 

Latitude by Obs*rvitioia on Palaris. If ft kf 
the true altUude af aj^y rirconipolar dtaj" a-^ Ie 
the meridian, then thr latituilo^ id 

^ ^ ft it p (71)) 

ill wLlrh the sign pniceding p, the ptilar dis- 
tajici?, id podillvo or nejpiiivi^ flC-romUnK le* till- 
nMur is vlI luwer or uppt^r cililEUnJIticq. fiv this 
np'thiHj, thy ladludi? ipf a Klatkifl h 4.}eEJ^nniruH] 
hy mtMduriiig the Alliiuiic of l^>1ariH when at 
eitbr Lippi^r iMT lower eiitminatiDii and by apply^ 
irm to iMn liJtitiide, rom-cU^ for n'frAetiwn, the 
star's polar distance Afl it>nipiit<?il fropii the tWv- 
lination ^ven in Poland tobkrs. 

Tb? usiud pmceilyjv of dotemiiiilng IntUude by ubservalinn on Polaria al cnlminattiiii 
U as follows-The .HtandanI tinv^ of eulniination at the given station in lietermifvetj within 
pt^rhaps B min by use of an tipheineiv. A few miniites bfore the L^timated lime of 
culmlnAtion lb tnuisit is wt up and is levelijd wry ii^arefully. Tbi' telEascope k foetiaed 
for a jrtAT, and tb t^timafed latitude nf ih*.^ plaw' k laid ipff on tb'- vertical circle to 
forilitati- finplinis PtiUrk, Whj'Ji PnlArk is aithted. the cros?? hflir^i are Llluminatixl if 
niTes^^ry, and tb star k continuously bis^ti'd with the horizontal crM hair. When 
during A periiMl of 3 or A min Polaris no tontp^r appa-ars to move swjiy from tb hair but 
moves horizontally along it^ the sliif Lk pmriindly at eulmiEiation. Tb vertical anitle is 
nmil wiih dbfpatchj lb Inuwit is Lwdully relevekfd; the lebcopi* k pluEiged; and a 
Si^rul oliservatioii OH Ehc fitar is taken with tlui lek-SL-ope invcrttsi- rsuidly tbi- iiistru- 
ment is mk'whsl, anil u smmd pair of obtti-r^'rtiioiLs Is miule. The meitti of the alllEudes, 
eormted for rr-fnu-l ion and index error, h* mki^n a^ the I rue altitude uf die Alar. hlnaJly 
the kritub Mf roHIpUt^Mi hy applying to the true altitude the polar rlktanCt^ w ith propof 
sign. Under etdiniuy conditions thi- ktiluile mn be iielermim?il wUhm aln^nt OP, ur 
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Fto- tkJ. FiJeotioiifi of rfiHi?‘t*llAlion* 
near [lie Xu|-lh Pole when Pcilurk ix 
at i!ulnLinat4on And elcKnaftticin. 
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less if K-he meim of wvenil ob^ervKtioiuf \a takt^n- EL u not I'NumtiikJ that thi^ altitudi^ tw 
fiJwerviifd at rhe t^xacl iiutajit tbc ftar cn>fis(]5s thu m(7riiiian- 

Observwi allitudK^ of Folans for positiciiw othpr than i:^iiimination are redu^^l to Ihf 
allilutlL- at euliniiiatiutk by appL^niy; a eomHriitMiH which. Tor ItilltiiJcs within tho UniliHl 
^tatca, ifl i^vub apprchmaatoly by Table 7. 

TABtM 7, CoHaKi^Tiosa TO Be Apfu^o to Altiti^de op Pularii^ Xear 
C fl^MtXATtUS TO Give AlTTTL'DE at ClXHINATiOSf 


Interval from 
cqlmuialjonp 
minuteH of t ime 

C'hanEi! in altitudu 
from culmination. 
Bwofids of are 

tniisrval from 
^■^lmination. 
minutes of time 

C'lmoge in qlliludi* 
from I'utmirnnioTi, 
inf are 

-6 

Of^ 

IS 

12 

G 

01 

21 

IT 

0 

oa 

2^ 

22 

12 

m 

30 

34 

IS 

m 1 




Anmuth by ObsorTttian oo IPolaiis at Eloagat^oii, The aximulh of a drounipolar 
sXat at elcmi^tion u deti^nniniHf rrom the equation 

Eiu 7 = (80) 

c« ^ 

in which 2 a the ajdmath iwkanLtl i^jwt ot of north ai:curc||n|[ the star ia at 
or wcjftem oJonjiEaHon, p ihii istar'B polar cliiitaiieL-, and ip ihi^ latiturle of the 
p]ajo?. It k newsssTy that the latitiiJt' of tbi^ place and tht; ptslar dktaiifx- of the slar \'k 
known. In the fields ihf tlIn,H:tioii of Potark fnini a riwh Mtatioo k twtahlkhed by pro- 
jecGniE a vertical plane frufo th** jdar !o tin- vafth and then mvapmioK the hoHiEontid 
Angle bt>twocn a teiTBslrial line in thk plane and the ppven Ertation- Thi^ pcpLar 

dintanci’^ k found from an epbiMnerk. The latitudi^ k delerminiil by olmrvation. a^ 
eiepLuined in a pn^evdin^ paruKiaph. Irtiieriiuch JlB thi' Blar ia appnnmlly traveling in a 
vefitcaJ line wlnm at either elon^tioii, il k not I'itBuntial to tbs pn^etRon of axiniulh 
determinut inn that the time of elongat ion be found or t but t he uK^t to Folark b* I akt^n 
at tb- r^cfbct ia<ant of elonipit ion;; but the work of obtterving k fadEitati.N| if tliti approxk 
mate time k knowm. 

The UBual pnoei,sJure k follows: Tb- at-andurd tiim.- of elon^tloii at the givti n alat ion 
k determiniHi within perhapf S min by us? of an rphtmerii. A few JiLiinjU>:p before the 
Estimated time of elongation the tmnsit k set up over & given glut ion and k Vi^ry carefully 
leveled. The teletscope k focused for a star, and the latiturk of t he plaei' k laid off on t he 
verticaJ clrele to facilitate finding FoIbiiii. Wbrn PiElaris k Bighted, thi' horuontal tind 
verticaE nKJlioop are clamped, the crow hnJrs ans iliuminated if ni'Ce*sary, and [b- star k 
cunlinuouHly bsM-clcd with tb* vonicid crotw hair. \Vb*n during a period qf 2 or ^ nun 
Polaris no longET appears to move away from the bur but mov'c# vertically along it, the 
Ninr k iHaelicaHy at i^tnngatkin. Tb* teliwco|;H! k flepn^merh and a pcrtii! on the Hnc of 
Bight k marked dtl a slake nr othi^r h'felence ixtOEitlfiumr IKW ft or lilon: away. The 
telE>aro|H« k then plunpil, and another Bight k taken on Polark, The lifHs of aijeht k 
again dfpret^Bed, and peconrl poinl k bcI iHl the Stake btwtde ihc first. FBUalLy tb' I ramdl 
Ib refeveled^ And a la-'roud pair of nl;>#<!f vat ions k made. 

l^ter the mean nf t he points is found and nmrketl on the slake, I hus defining the direc¬ 
tion from the giwusrviir'B station to Folark at elongation- Tb’ azimuth <if Folaria at 
clongaiinn either can Ijo computed by Eq. 1-80) or can lie foutid from rni epbemerk. The 
ELzimuth nf any ulhcf line thmogh tb^: aLation can be dertermined by mi-^uring the angle 
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the two line** by the uoelhncl uf repeat ition if neecasary lo Attune the requirL-d 
A tniH meri^lUii f*ti W iwtaljliiAi'cl by a perpcmlicula/ offpwt from eslab- 
lifihM pcMiit tun tb' »tAke- 

Ry the method juet diwrib'^l, the iaimuth at any line caii b.^ cictcraaiiied wiihiti 
|)cr^pH 0-5\ or If the En>^ of iieverfil «b»t^r\Titjoiis is tik<'n. If an error of Dl " b 
nllowediK fiointii nmi aol be benotilh the hUt. ^id the angki may be mc^un^J 
ilifeetty, 

LAND SORVETmO 

Methods. Nearly all land Rim'W atv run wiih the traiudt and ta|MN by uteThoda 
already desedbed. Onliaarily dbrtaiirt^ are mi^-^oriHl to feet mnd <h?eiimiK itful angles 
an? measured to the wan-sl mlnuEi^ <Jn the UniM Slates publi^^laI1ii turvvyt, all 
itbtann^ are in Giintero iflfi-ft i rhain-^ aa prescribe by law. Usually the Oimetioni of 
llTWii an? ejcprepstd aS true bearings, 

Fcirmoriy lb suTVeyor'ci compass mid fttkft ticLk ehain were ^ exteoflively, and the 
deficriptiomi in inany old are givpn in terms of mapietk barings aod Giinteria 

ehaiu?. In felraeinis old survoi's of ihhi charntfrert allowanw^ mual b niadi^ for ebanfi^-! In 
magnetic baring since the time of tb- oripitial suney. AUy, it must be kept m mind 
That the H>mpas? and hnk ehain used opi old ^ufvejf wen^ relatively inaeounate iiwtru^ 
menls and that great pmcijdoii was not regardLil as neeoiwary. rince gjtnenilly the land 

values wen? low. > « - 

Where%^er poiwible, tb- lervgiha of boundary^ hues and the susIl-i btwci-n biundani?s 
an- tielemiiirH d by direct mraoniremeiU. Tl^-iefore the laml -larvoy is in eem™! a 
traverse, the transit atations being at cormni of the property and tb: traverse lines 
rdiiktidlng with property hues. Wbn- obf^taehrt render dinH-l nuauiuit-ment of bounda- 
rii^ inipoflPihk, a travepW is mn aa near tb property lines as pnielkabK and meafum- 
lUFiita are niiwJe from tb tmverw to property e^imena; the lengtha and diioelions of tb 
property lines am tb-n caleubted- Higher pieewiopi is reqmred in urban than in niral 
ftneaa. 

Comere; MonumeBt*. It » cuiflonwry to mark ihe conw™ of lantitHl property by 
vi-.lhU< oionumi^nta. On early oripiial inin-pys. mstuy of the ctniwi? wotv martcoJ by 
natural objects WiA a* and larjfi' stones, tn npjni-rn], hnittM'pr, tho (Ofrair monu* 
nwnta an: cjJtahlwhLtl by tho ^inm'yor «Sihi'r lo mark iht- inti'tsoclloM of botmdajrii^ 
atnwlv in oxietonce or to d«fiue nrif botuhlhriEs. Esmnplis ol mark*!ft. of a (lertnatk'iil 
rbarartcr are an ixtm pipe or bar drivi-n in the Kntuiid; a conprete ur sionti raoiiumnnl 
with drill hole, cr.««, or iwtal plug marking the oxaet comer; a Mow with identlfyinir 
nwric, placed below thi* gruund nirface; ehanrtHil pLactil below the gnmiid aitifad-: a 
moijitd of rtonea; and n metal marki r wt in Rowreto below the surface, nnu-heii through a 
covered ehaft, Tbi* U.S. Bureau of larnt MaiiHgi menl hue njrenlty uloptvd ym ibc 
atandaixl for the monunK'nting of thi< public-lHiwI siitveyp ft pwt made of irub pi}K» filled 
with eniicrete, thi^ lower end of the pipe Iwing split and spn ad to fortn a barm, and the 
upiawend being fitted with a hrass cap wilh identifying marts. 

’tt lwre ft comer fblU in such loeatioa ut to imfce it ijnposaible ur bnpraeltcable to es- 
lablisli a monumeot in iu true lucBtion, it » cii-Htoiiiary to estahlbih a icffacsi comer on 
oiw Uf more of thn boundary lines leading to the comer, a.' near to the true corwr as 
proctiftible, 

111 sun'eyiRB iilfjng ib? eborv of iL lake ot the bauk of n sl trawf^- cmlled n 

nH^atfdtT hPir b miu roughly follEiwing tb Hhorv or hmik lino. MciuirJof lin^a jw not 
property liiufS vxcepi in the rare case wh^ n iby em- .-ipt cihodly stated as prtiporty linfs 
in rhe dwd- If munt t^c^^uJ^lt^! location of tht* shon; lint? is dEfSint.^, offsets am takpn from 
tb- im-fljitilcr line. 

Boundary Recoids. T>isicriptiorHi of the bnunclftrics of real properly may be found 
from dsMJibv offiriaJ plat* or mapd, or note^ of origiiial crunreya. 
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E^enjrdp ftt tnuTfif^or erf land from ociu owni.‘r m tinijllii«j- hji- uj^ixaJly kept in itk- 
county registry of tlLi‘<Is, ejuurt euiMut of ail dixxlf of tnwwfer being filed in dit-d 
ITh'se are to t.hi' puiilU; antl a fn'quisiiT jMujrr^,' «.if iiifnrnuiliou for Ituid 
surveyor An alpbalH.-tit indt'S kept, ixMiiitJly by yean?, giving in one pwtrt the iiBtned of 
grmiUiTif, or permnu^ s^dting pHsperiy* anii in the olhtr part ibi^ Eioinea of pr 

penkine buying prufM-rrty. TsTiidly ihe preceding transfer of the smiciti pnifn^rty \» noted 
on tia- ninriid*^ uf the 

As tiki L'tbited public Undif an* subiiivided, offiekl plalk art* pn^EWisl ^'hoiring t he 

dlrLH^nsiniufi of BnlKllvtf ioni* mi<l thv character of monumeiits marking the comers. ViliefL 
all public lands aitbin a ctate bftve bcii^n sur'veyedF n^conbi are given to thf* state. 
An i-^niption U Oklahnnia^ for whirh tItji- United Stalk's survey nwrtls an* Hkd with the 
Dirtartc^r of thi* Bun-^iu rrf Ijtiid ManiigellieCLt at Wadhiiigli jn, D-C^ Slstct^ in p4^^ii>ji 
of re^onljc have them on file ftl the statt* capiioL tEdonnacinn concerning the#n* rucordi^ 
can be seetirwl frcim tlv- secrclary of i^lntE' of the pirticular ?tatc. PhfEtogmpbie enpiee 
of the official plalaaii* obt ainal^k- nl noioiijaJ ™t. 

I n m£i.tt cases the (k'eds trf transfer of city lots givt* only the lot and block nunibiT and 
the imnw of the addition or the subdivbfion. The offida] plal or map showing thu 
dimprwjoTiLS of all lotfi and the rhametor and k>raiioM nf permaiiimt moniimimt^ is on file 
idthiir in iKm oflici^ of tin* dty ekrk or m ihe cLamiy repslry of dnxB: copk^ an^ also on 
file in the (ifficw of chy and county aaMsOTn. 

SuEiu* yrgaiLizaiioni;, generally calk-d hl/c mmpanitJt, for a fee will st-arch the reconls 
for bulindary rle^KTiptions, 

Dflsoriptioa of RumJ LaniL TJie following is illustrative of a dcFcription by nuuc^ 
and tHiundB typical of njrnJ lands m (be bk^tcni states and of Lwlatetl grants in thii 
Weiffern sTates w him* thn- subdivision of lands bs-s been outside I hi- leetangular systoni 
of tbi' public-land surveys; 

ginning at an iron pipt* Mink in ihc grotmil tbirty-ihrre and no tenths l33.0t feet 
wt.^ of ihe ccnior licie of ibi? concrete highway i^Tti-nfhng from lo North Om- 

way and iwvlvt' hundred and sev'onty-thfi-o and four-teiitkf (3273.4)1 feet south of tb- 
north face of the south ahiumcni of the bridj^e over Jordon Brook in the iovn of Ib-tb 
fitone, New Hampshin;, aT ib^ sfnil Ih'iist corTtnr iif Iflnd now or formerly Mon^ng tEi 
William Bancroft, and running by ft-nee and land E>r saiEl BanEircifi south wi^i a 

dbtaiiee of fourteen hundnd and feventy-nioc and four^tctiths (14fl>.4l feet lo a cross 
cut in th-e surface of granite- ledge; . , , thenn* turning and running ftldng tbt* wtml 
b<?iindary of said ri>atl north 2 15 wesi d <listari.ee td nineteen bundrtid and eighty'^ninAi- 
and two-tenths a£>h9.2l foot to thi* point of iH^gnmingF alt ts^ringp being n‘fern.f| Ui the 
true meridian, and the parcid of hmd eontaiuinir a cslculaterl area of fifty-nine and sixty- 
NcVMm hurwIrvEiths i59.b7l acres more or less." 

Following is an examph* of the U-ipU di^ehptiim <rf a 4a*em tract CLirnpinsiiig a full 
quarter-<|uftrter seel ism; 

^^Tbi^ iiorthH^ast qiukrti-r of the ^kmih.west quarter of section tea HDj, Township four 
<4) MJUth. Range sit m nf the Initial Poinl of iho Mount Diablo ^fcrtdtali, con- 
tainiog forty liO i ncRs, mon* iir k-ss, aceordtiig to Ibi^ United Snn^ey." 

In fKJirM! Stales the locations iif liiiid corners are legally dE^nlH.>d by thidr roonlinates 
with n‘F|jiet lo tk-stalL-wiEle plnnistoorilinate Ip. IHO). ThI* Tennesw Valkjy 

.^uthcvriiy describt^ Land t^y nu'[<^ and bounds nmi hy cimriJinAtefi, wdth further tefiircnce 
Ui the United j^tatts publicdaEHl survey; a lypical tikap of a tmvi u< shown in Fig. BL 

Ongiiul Survey of Bural Und. t\'ith Ik- desired bouudsirit^ of ibc Innd given, the 
AUPi'cyar e^mlilishfs monuments gl the eomers and runs a dosed tmvprpe anjniiid the 
pmix^rty, n^a.-mring the li*ngl]i^ of lira's aud the angh's fHdwtvn iuti*rst»fting linl■^^. 
Where lajundaricri an- n<]i. siralght, frum trmipit line lo curvL'd boimilary an> 

tni'n^ureil at kiiowu inb rvnlg; muI wb-re oleitnidionA mtike til reel mcason-mcmc akiiig 
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IwundArk# ImpDionblr, tlH* iravcnie ii run om tu iNir fcxHindskry an cnnveiucnwr will 
aIIijw, Aiid jlh? lAken from iranHt sitJitioTiN to rt>nie« <ir ibo trmri, m tint 

ihc^ k^ngth Knd hri'Ann^ tl^.^ botmilniy lint may bt calculAte^l. Angular 
miiy be tAktn by any uf tht riitt liutbt dL-aimhcd on p(p^ 1 -^1 to 1-33^ hul iiio^ oftcro tho 
intftrior angk^ arr obpprvi'd- Pfi'fptmbly tbi* «initrs fLouIcI hv rtfiwneed l<i pi-'niiiiiii!'iit 



c^JecUi. Tbu dirt-pl ion of thr t rut- meridian m dtdtmiinc^ I, Tijatia lly by a jmlar olwrval ion 
(0t» p, 1-73), 

Resnrrey of Rural Land. Thi- purpoM^ of a iv&urvL‘y h In n.'i'^itablifih hciuindarie^ in 
their origiiial fiOFtlionH. Tu guide biro, the surveyor btu= aT.'mUible a dearriptinn con¬ 
tained in thii diAHl or oblaJued from old luconJs^ and deacriptrona of adjmfiuig property. 

A« a fiiat Http, tbfi mrvvytw eritioiilly Ljuimim^ ibt? diwiptinna for grits erronip lie 
thL-n cotnpuu-ii th- latittuk'S uthI depart unss of ibe sewral niura*^ aji given iti tbi de^crip- 
tion, deterjnine# the tTPor uf closure, afid plotj? i1m- hmniEiartiw of ibe tntct tn scale. If 
original Itearings are nxagneticp the piagnetie declinatfoti at the tinai! of the lirigiiml sur¬ 
vey IB found, and tnte tK^arlngg are computed. If ime bi>nringH eannol be found in this 
mannor and If mw. or mure boundariiss can bf* poirttivelv ideutihiii, observat.Eotia are made 
lo determine the tnio ta-arini;? nf these knoivn linea; and hy a eompurisoa of trw anil 
original magnetie bearings the decltEMition at the time of the origitiH] survey ta intimated, 
and the true beartngs of the other linro anf euititrtiled. 

OiiB Of BtmfidarUjt Evi*ttnl. If nm^ or inonz boundary' lines ran be identified from 
the mnuumiiinta or from ruHabJe reference marks, a eomparison is obtained bei^oen the 
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!i-ngtb of thf cliain or tape? uwd nn tlii* nriii^nhl anti tlmt to be umhI an ihc 

patyey-f ihp pnipculionate leh^ba ijf othi'i- i>f tb- tntcl an.^ thnn immputwL With 
the cttlrukifi^i dinhclbrw aid proportiomia' k^iiKtb» itK- survi?yor alarU from a knnwn 
F^nwr and rumn# the coumra; at each t^Umali'd local ion of a ccmor, he Meka phy^^ical 
c^^ck'nct; of the loeatlon of the origiisfl] iroroer. Thus, if a Htake ha^l origiiuilly been w’t 
at the earner, o&rufiil slicing of the topsail with u ^hovt I raighi n^veal rotted wood, a bole 
in the sjeotindn or nvm diFenlorod purlh, which tnight be considered railw-r |Hi^stive evi- 
denn* of the old location, ff such cv-idence is huind, and if ihc old mii>tiTinicn[ i^ not in 
IPXhJ conditionH tw^ a new monument . If thi‘ location of the comer does tiul agn^i^ 
wUb ihai in t hedi^cription, he medte* new m^^asun'ineiit^ lo I be ftitjUsIlshnii ^10^^nn^t1t. 

At any point wht'ie phyaicaJ evidence a^ to th? orijpiiHJ loc&tion of a conuT is entindy 
lacking, the corm^r located lemporarily from thi? di<:^iCiiption. The mrvpy w tb^n 
continued until po^kive evidence of the toention of a ^ucwtding comer ia found nr until 
ihc tra^'ortsc a brought to a elo?uie al the inilial ptiini. If a sueci.'tdlng comer i:^ founds 
[ht> travo™? Letween tht^ pn-viounSy hK-ated line and that comer ia adjusted to meet the 
known condition.'^. 

tf no physical evidence except one bdondary Is fouml, the survey is run to tb' point 
of In-ginnii^, and the error of cloeurc mcaimred. The imn ey is then balanced^ 
and the comput^-^i cortecdonF art' wppthd by moving the preceding teniporatt^ monu- 
and caflablisiMng them as pK^muiiiciil. Finally the lengths and bcajriogs uf the 
ftiljui^tod course# are nn-asured in thi‘ field. 

(htf Camw Evtdrnt. Wherc^ only a single corner can fouinJ, the true bi%ri]ig!i am 
determjTHHl cilbr dirtN^lly from ihe di'seriplion or by computation fitmi magtLetic Ixinr- 
iiLRs Eiven in the (hweription. If tb? date of tb: aur\t^y femn which ib^ description l\v 
magnetic Iwaiing^ iri derived Ui nnkncw'o. it U <'#timtd^H| elewuly as pooeibkv ancl tb^ 
comapMmding magnutie derlinatioji ts futmd for ermputatlijn. By nrc n\ tht^ trtii^ b ar- 
ingjfl and The lengths of lim^ gi^^n in tin* description, the taiitui;h^ am! duiHirture# of tb? 
iKKiiodarii are computed, and ihi- linear I'lror tjf closun^ of tlie original survey ir deter¬ 
mined. ] f this error is reawjiiahly Fnmil say not greater than if lb? old survey was 
run with a rtami>aisaj'p it b tiidicateii that thE-^ni are nu miFlakefl in the lengths tiiid tieaiv 
ings given in the dt'flcfiptioii, although ibis check donx not detect systemalir errors 
(which may b- large ' in chati uigr, Alnjut I he only course open to the surveyor \s to 
t^Lnbli^h the true mjeridiafv and to n^run the surwy in accordance with the old descrip¬ 
tion, distributing lb? ero>r of closijn- propurlionalely among the several e<Hir#t^, 

iVrl rnrncr If n de.=icriptinn is avniLtdde bill fllfc evidence of the location of 

original rnrtHT# b the survey op will find l\ expedient toseaorh the records for doflcrip- 
tions of ikdjoiuing pri>|ji'iiy and by nR-ons of these dcacripliorLH lo n'twtaUlbih by mcyjiun- 
tnent ftfi many corners of the 1 rant iti f|Ui.'s'tion tis fearihle. It b posBobh*^ I hat i hiw* 

Irpcntions inay cfjni<ir!ernbly In emur. A canicr nuiy bi ro^vLablbhed by nu>nsunninrnrr^ 
from wvi'mJ soureva, itich remiKting tn a difforvnt location; in such castes tVm Furveyor \» 
chIIi bL upon toi™?n?ii«? his jndgmA^nt as to the immt probjtbk' localioei. 

ykimetiElies it ie ijcuunhlc to dclenniue the Inraliun of an oljlUcmUd cumihp through 
eviden«^ of pcnviutwly exijsl Ltig linott such ij»p fen«^ ami romb. fJccaairjiiahy ttio surveyor 
mav find it ^leinniljle to consull old sctllerTf who wen' fumdiar with thi? oiijpna] Iknunda- 
hut all hough such pemoTL^ Ate U^uaSly very pjsitsve in tb-ir npmions. I he infomut- 
Hon ts Beliiuni of much valtn- anti b fn^pauitly mbhading. 

Having thus teuiRtiwly fixul tb location of one or niuo.^ curuers, tb surveyor at¬ 
tempts to rvcenriLe local ions with thi^ dcKcriptioii of Ebe giviin tract. Rimdjusl- 

mentfl an* Enade to coninnn to the judguu?nt of ib^ jrtirveynr in the linJit of tW snfEirma- 
f ion tliat b? obtniTw ar I he sEirvey progrei^y. 

BrjKiff. "^Mh^o a MUTvey has been completed, it is the duly of the siirvE^yar to render 
a report to bin client statinK cxaclly w hat he found and wbnt course of prowiim^ b 
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employed m Attenipiiiij; Eo rL>e:2itablu4i cometv. The n^purl idiiHUd be Aeenm^ 

by ft pint ecimihu to i but of jlii oriiptuLl survey. En addiiiofi, it RhotjJd indicate 
whirh ATV^ nriglnftl mouumi-iUit und whtrh are inuuiuneftts cictaljlishwJ at llyr time of ihe 
n^iiurviy. Mi^take^^ In the oripTUil rtei^criplion tdiould he piuntf^l nut, Isut the surveyor 
Hhould tji!ftrly iindL^r8tftfkii I hat iT im hw funelion lo l^oundaricia of a givefi 

tfarl in Hj^ Jicarly iw pKJuwihle their oripnftl liUTiiioii, 

De&orlptida of Urban Land- Thi:^ nuiEim-r of legally dt^^ribing the boundaxie# of a 
trart c»r Land vrilbifi the corporatr Itmitv of a city depench^ on oonditions fttiuehed to tbe 
wurvivv by whirh thi^ lK:iutiiiariL‘t> of tJw tract wtrt‘ first cstabliphed, as indicated by the 
following rlarwiflratiGn: 

1. Lot Qiid Bioct. [f thl^ l}CKji!idaries of the Emet eciinddt^ exactly with a lot which 
is a part of a Fubdivucinn or luldition for which there is recorded an official map, the tract 
niay be legally dearrihcil by civio^ lot ami block tiumlters and the name and dale of 
fifing of the official nuip, as illxMmted by the following: 

^'[^>1 1^ in Block 5 ftA Raid lots aiul block an" [Eelim^tcd ami so dt^ignated upon thaE 
rt.'1-taill map clUltled }fnp nf Thmi3and fkik^t, /l/OftiCcftl f^0UPEf^+ Cidif&rhia, lllwf AiigU-st 
23, ISXMI. in Uber 25 of P^SV in the other of the County tCi^nJer of the wd 

County of Atameda/' 

2. Bf/ ntiti Lais. J f thu liooiidaries of a ip Yen. t rad within a stibdi viniino 

for which them is a recordtM:! map do not conrortn exactly to l)oLjndarik>i9 shown on ttie 
official mapp tile tract is dL'srribed by and bounds, with Ehe point of beginning 

n^fi^rrtNf to ft itkrm'r shown on the officEBJ map- Alsu, the numtxm of the lots of which 
I hi' I met ifl conipettit?d ntv given. Following bi an example of a description of this kind: 

'"BE^ginninp at the iliterseelion of th^ Xorlhi'Jn tine of EiMMindido Avenue, w'ith thi- 
EftFiem boundary^ lini* of Lot 1ft, hereinafter lefurmlto; ninnlng thonec KortheHy along 
mid Ertstem bniEMlary line of EiOt I ft, and the Eastern lK»undary‘ Line of Lot 17, eighty- 
nim^ tbfil fwt' thence aE right angh-i^ Weetiirly, fifiy-out* i5il> fet’l^ ihoncu Pkinth 
Eaal, st'viujty-fivt' i75j to [he xXortbem line of Escondido Avenue^ thence Eu^terly 
along mid line of EseHjEidtdo Avtmuc, hfty-thnM]? and 13/100 (53.13) fecL mom or 
to thn point of iM'^iming. 

*'Eh"ing a |Hirtion uf Eint^^ Id and LTp in Bbck 5, ft.-^ .laiil kttn cind block are delim-aEt-d 
anil Hi] deaignattxl Upon that eiTtaio. map entitled Jfnp of T^iwo^d Oaks, AUtmeda 
ifounf^. Cali/of niit^ hh-d .\ugti!^l 23, 1009. in IJbcr 25 of Mapt«, page 2, in the office of Ehe 
Ciftitity R^ieordiEr of the sail I Omiity of Alameda.^' 

3. B}/ Metes €inri Boftndjt (o Cit!f MoHumrntA. number of I be cities of the trjiitnJ 
^^ttttoH have, by pti-^ciso siirvL?yfl, F*stahlished an clEdxfcmtc system oE leferenns? nionuuientiH 
urul havii ilctermliuxl thi-lr {XHa^dinotes with respect to ftn arlntrarily a^ujned iniEiat 
iKPtiit. ritatc-wide systems of phini] eoonli nates haw been ^^^ablishid in various states. 
When iho tfart riumoE Ew dehmsl by diW'ripTinnH ■nich a-h thi' pn^citllng, the ])oint of 
Ih-ionning may In' diffinitid.v fun'll by stating its rlin."ction and liistancc from an ofiiciftl 
a’fi'Jt"nc?t" motiujneiit and by ilescrtbiiig the monnnu^nt ihai marks the corner. The 
lioun-rliLrkia of the tract nuty then Iw described by Tnei^-si and bmintM- 

Thi^ local ion of ci^ria-rn may aJw lx- defiiiiHil by n'ctanipjlftr CTwinirnAt^^fl neferml Eo ihi- 
origin or iiiitial jjoint of ihi* swteui. 

If the tract in within a citv not so mimuincTitecI, the pnsut uf ta'Binningof the Ixmntlary 
description nuiy be refcrnjd hy direction ftruj distance lo the intersection of the center 
lim-H uf ffln.etP, It is not g™l practioi^ to rvfer to the interti4.'ctiEin of sidewBlk or curb 
limwi^ for thcee ato apt to he ebang]!^! from time to time. En n-ictions of the country 
WT-Ehin the rtTlftngular system of United ritatc'S sum'^-St the poinl uf Ixiginning of a 
Ixmndftry description may properly be rcfcrnxl to sect km lines and comem. 

Snbdivisinii Survey af Urban LiAiid, For large and imjK^naul dovulnpmcnla the 
Work of originat ing I hi- gn -mTHl plan is oElell Currit-^ I i.Hli by pi-rrions: ?pc*eialixing in city 
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riatiniriK -wJ iiJ.Jer wlh,s.^ dimrtion ih.r Hur^<yx*r worV- 

.•nttLiicer or wim'Vt.r who W lm.l esptirii.jiw: in >.ui'h work. Th. ,.ur^-*->or with 

ihJ^^owmr, *iHl tlH'V a w.<i«.‘nil plan. Tl«‘ miik«t * 

ioitiw propcirty; and if il.i' chararirr nf thn i- .m'^tar, ht' 

rt«rndn rndteunarv nnn-rjfl^ f«r tht purp^^i* id fiiuliw thi- nnition and deTOtion 
of thr eowniing fratuR- of ihc li>miin. tti si-mvi' <*»« a comp lorw^pliif ™^«'> 
niav bTnade. Viih the Kt iieml plan fixed, and having ^tudie,! the r.^ulii. ^tk‘ field 
inv^^tigaiion, the cur%'ev«r wo7k. out a de tail, hI plan r.n nhow.ng on '3™;'"*! 

the name« nf all and Hn- nLimla-r> of all Id.Htk. an-l la«. the dimfi^oic ^ all 

the width «r rtfwte. the U'liBth and bearing of all aireft tangents, and tlw r^nw ami 
k'nRth of all etfMi Ciirvfs. He also pr* pan,- a o-port which, m lulddum to h dewi^™ 
of the plan of suhdiviaion. may conaider ihr cvm of siilKilvidinit. inelndii^ tiol tmly the 
estabUHhini! of boondariffl but nbwi tint work of gcHiitrjt, paving, ooFtnict iiig Be»e™ and 
landacaidnR. This detailed |>1(W'. when approwl by the nwiier, is submitted ^ Iv 
Rovettnim body in ihi' muideipaiity, If it inei t* with tht' nniiiift tm^nla of this l»dy. il 

IwTh! auihoritv of iht owner, the surveyor then piwwla to exmite the nwwap- 
subdiviainn survi..-s. including the lajdng out of mwls, vrnlfce, bhteke, and lots. Ti hi n the 
Fum'vs ant cotiipL^i.>d. thi* map of tht' sulalivision is rt-viseii to shinv minor changes made 
during the survey, toBeiVur with the location and chamrtw of permamml luonumenla, 

4 tninciE i^iibtmtu^l to munii'ipility, jmhI tbif<, wfun diik by tbois«'an 

BUthnritv, iM-cmni'? the olheiol niap of the subdivision. Tt th-n Iwonm. s a t>art 'if Ihe 
nublic i^d-s and is uaually fili-d in ihe o-gistrj' tif .ks-«fs uf the county i[i which the 
iminiripality lies, Uiam tbi-s approval, if the Huhdivisioii is outside the corporate hmila 
of the nnmidpality, they art! rJttenikHl to include il 

Unnl Intcnif«tariou of Deed Dewription. A deed desciipliuti may contain, emirs or 
mistake nf menaun-metit. or mist«l<i.'« of cftlcailntion or reconl, thty introdudi^ incon- 
«iftencies which cannot h' racOMilwl ctinipktely when n-imcetm-ut ncee^rvv 

in such cases when< unnwlalnly has arisen as to tlw localion of pmiierty lioca, it is a 
iinivetsat principu- of law that the endeavor Ls TO make the deoil eBect.^ rather than 
vmd and to CKecule the intentions of the conliaeting partn--. The ftilliiwing general 

rules are pumuant to this principle. . . 

t .VfrmunKtHjl^. U is prx'sunMHi that '.thUjIi' objects, whiih Uuirktst the comets when a 
cnnvevjmre of owm-rship was made, indicat«l liest tin. iutetuinns of the pwin^ eon- 
ccrtiod' hi'nrt- it is agnTd that a comer is cslablisjHri i>y an exisimis maU'nai object nr 
nr by conrlusive evidence as m the pn'viim.- tocalion of the nbjert. A eonu r thus eetab- 

llshnl will iffl'viuiagidnsl all Othi-r inflicting .l i i , 

O ONIJ Dirfrium W, Aren. In fhi> i-n«’ nf discimJ Is iweim the di-sen «sl 

and the' mleulalvd tw a of a trad, thixl.s-d-clessription n-uUin'JW'nls, or "calls, 
fur diataMos or directions of will pn-vail against ilw laill for area-^m on tht 

assumption than he boundary litie* an* more visible and actual evitk-nw of the mto&tioEis 
of Ih<‘ Iiartii's tlian is the caVculatwl amt of thi' tract, 

3 Uisluites. ft is a w.-llHfitablishEd priMi'i|>le thjit a dei d deiwriptiim whii-h taken as a 
whole plainlv indiralcsibe intentions of the jiarties eixns m.Nl will not Iw invidklaUsl by 
evident iiMstake* nr oniiaiiotis, l ot ocamiile. such obvious mistakes as the nmfcwioci of » 
full tape length in a dimension or tlie tnuuipurithin of tlu* wonls "mirthHigt'' for "north¬ 
west’' will have no effect on, the validity of a di'iM.'riptinn, prtivitkil it is otherwise erjtu- 
plcte and rcuwstent or pravktisi its intent ion is manifest. 

-I, Pui-rkilscr f'fMinrcd. In the ease of a di-scription (ha( is caimlik- of Iwn W mtiii' iu- 
tcriiratalious, tliBl one will [iravai! which favour the purchasiT, 


LAND SURVEYING 


I m 


6. Otmrrvhip «/ //ipAiPHysr. Ijmd describcKi iw being hc^ucLiJed by & highw^iy iv vinvt 
owru'nsbip Ut ihe center ol ihir hsgbiiiiy or Any vaHittion from Xhk 

ihterpn^lalion miwt N' l^?^J3l^citly in thi' cliw^ription. 

6. fMffinfl/ f/cprmmenf pi-wumnd f W^scL Emrs found in orit^nfll Furv'ey^ do 

hut iiffuet tlie looiiioTi uf iJie buundarieF uinleir ihtmi flurvcys, and the fH>unda- 

lies roniMH as nri^udly 

Legal Authoiity md LiaMiJty of the Surrey or- A rusurvoy may be run to n-txUt a con- 
irovirray Ijelwei^ii awnt^n uC adjoLtiinit property. The aiirveyar §buuld underatand that^ 
aHhuogli ht* niay net nn ejrbitor in such case^, il bi not within Mi* (lowtr legally to fix 
iHHihffariL^ wirhout the miilnai cfinst^nl and authority of Ml triteti'sited particii. A mm- 
pet«nt BUrveyor by m^e mjiiK!l can uinially prevent EitiK^tioii; Imt if hi- emmot bring 
hh cliehtn to iiJi agrec'tnent^ iW booudaric^ in dbrpuUi bfiaitne valid and defini'd only by a 
dtTiHihn cd ihi' tonrl. In boundAiry dbputee the -Fum^ar iff ati ospeit wilneBS, not a 
judge. 

The right lo enter upon p^op^^v■ for th*- purpKSfie of making public aurvew u generally 
provkit'd by law, but ther^^ no simiLar provifiinn n^nanliiiR private rturvcyzj. Thu 
nm-eynr (or hbi employer^ whethi»r publlo or pris'ale) is Sialde for dajnage cautML'd by 
nirting troe^ diwroylng crops ur fence#, etc. 

It has been hidd In court decbsitinfl tbd county survey or# and s«tir%t?yota In private 
ruTirCfiB^ an^ meiiibera of a leariied profession and may Ih' held liable for jikcompetent 
fc'rvicc# rond;^?^ed. Tf t ht aun'cyor know's 1 ho purposi* for which i he sum^y b niade*^ he ii 
liable for darriaip^ resulting from an erronenus purvey. Thfr genDral principle tF that the 
surveyor is bound (o (^xhilnt thai iloifm.' of prud^i'nrc, iudgmi^uL ami skHi w'hkh may 
reaiorLatdy be i.^^qx^Hi-d of a meiubt r of hi# profession. Ruling Gusl* Law itetys, "... a 
per^n undertaking to make a ^mrv^y liocs not imun^. tbi' eom-etni'Sii of his work^ nor is 
al^Hulute irorr^ciiuw the tost of tb' amount of skill the law m|uims. Reasofiable caix% 
honesty, and a reji^onabte amount of skill are all h*'- is Iraumi to bring to thii discharge of 
his dutk*#.'' 

Laws RElating to United States Public-land Surveys. Folluwing are the provnjLons 
of Ibe public-lflxni laws in wbirb the suj%-eyor k principally inletested: 

I. .All rc?ponribilky fur thi* Hurveying and mW. of tlie public lainl^ of I he United 
Stale# ip plnoi'd in the hand^ of the Director of iXm Bunjau of Land hlamkgemenL who is 
autboTmid in into execution every |vtrt of the publ Iceland laws not otherwise 

sptcialJy prn^idwl for. 

When the surveys mjhI rinronls of a state an.^ eouijdehM^ all tht- field notes, mapsi, 
EUid nhGtmlp pertaining to land tithes are deliven.Ki to fchc secmtain.' of stato of that 
state, 

3. Any w^nt of iht^ UnitH .S.tntes, acting on the authority of thi’ Direetnr of the 
Buroau of Land hlanagimient, has fn.=^- areeas to public record# chUvensi to any ntate, 
but no transfer of such rvcorrls lh tuiiJe to nnv Ktate until (be staU^ bus enacted fiTpslation 
providing for ibe nafekcepInK td records und for the allnwiuice of fw acei'iis tberoto 
by HUlborittes of the Un(ii?d rotates. 

4. ft is required that adl survey# and o^rveys of public IbjhIs under ihe siipervuiun 
of thi' Director of the Buu'au of Ijind Managemunt are to \h^ nimle by surt-eyor# scketeil 
by the Bureau of Ijmti Mimageincml - iRrior to hnEV'cys: wero made by conlract-l 
The field W-ork m now iierformwl by a pi'rtiltUkml ^vir|e* of eEkKini>erF under eiviE-cervi«^ 
rogiilalionsH 

5. ft y provided that resurvr-ys nmy fa- made liy tlu* gov^'j-miiunt under eeriuib cotidi- 
tinns. 

Ik. Boumlariiw of public laikii^, when l■^itl!Ud^#hfc‘^^ by duly authorisid sum-yorB aikiJ 
wbcti Dppro^t^ by the dinH:|ur, are unchllTLgoHJ>le» 
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7* Ttq- DiijcitiHl c^l^blbibL'iJ by tbt^ inirvuyfirp ^-tiunl JtP ibt- Irw* ronwn tliey 

wcr^ int^ndiHl Lu mptvftciit, wbL^btif lu tbi^ pluee 4^bown by iht nnlm or not. 

S, Tbi.^ unil of liinitth k ibi- 6&-ft orr Giintcir^e rhi.ih dividoH intfk ]mk9. 

Tho «iur¥?yof¥ arr tKiuircd lu plim.- apptrdpfuilr munuitirfn at all tiRtaiilkhL-fl 
eorwirs, lo c^iiin^ to hi> morbjtMJ on a tfw nrar uaeh romihr within ™rh mtion whore 
pKwjble ti» do KD i.hi^ iiumhor of towiiiihip tktHl #L*ctinn, lo n*?oni in thvlr field bookA l he 
kniith^ an4| din^Liocui of all litiotr luid ttkt olmitif ter and miirkini^ of aJI inoniimenia jiinl 
Hikhjerto to which ihr* motiilmrtita an^ ivfortrd, niid to tbOlc the Atuatiom^ of WaEf^r eTuum.^, 
flt'^paaitfl, wturh comi^ to thiiir altention, a^ well aa the qualhy of thii 

huyl? traverHhd- 

lOr cutTH'rs nut i-wtaJ)liF;hL>tl by ihi^ orijdtial surveys an.^ to b« 

on the hne joining the n^ctian and C|tiarteJ'-^4e£tio4i cortierH aiicl midway bnlmren them, 
exct^pl in the northtTO and wialntti half mik'* of ihe lownuhip. 

Jl. The center iinr-i of M^ionM to be ^truLght bt'^twivn oppOHito quaHi^r^vclion. 
comers, 

IS. fn a fmcticinal sectiun when? no uppcHdle (|Unrter-aeeLiu4i cucner bib* bn^n nr can 
he eftahlUhedH the cenU^r lute uf iiiich apclion ia to ho run frtint the quartornMicljon comer 
aa nearly in a oudinaj din^rtion aa [lue pamilelifftn with HeOllou liniifl will permit Id thij 
meander line, rei^reaUan.^ or other boundary of 9uch fractional i^^tion. 

13. liWit or nhlitemtod carcicrv uf the approved rttirviya are to iaf rt^iured to their 
origiruii location, if pcauqbk- 

Schema of United States Puhlic-lutd SuhdivUiion. Slncv thi' time of the earlii^t 
Fun-'eyis, t<nwr>j>hii^ sj^d jwetiona h^w t>ecn loeatud with respt'el to prineipal axi'S ptuofdnfi 



Viu. nil. Slondard Einra 


limHigh an origin called an iniliM potn!: Ih^' north-aoiith axia k a ime nmridian called 
the prindpof rttertdku^, and the vmtrwi’ffi aack k n true parallel of lalilude ealkd the bote 
lim. The principal meridian k ifivoti a nairte to which all subdivkion^ ati- referred. Thi^ 
extent of the wirveyit which an* tTifcrred la a given iniUnl point k »4hown on a map pub- 
Ikhed by the Bureau nf l^aml Management. 

Secondary nxi^ ani cetahliaht*d at intf^rvak of S4 milcK c^ai^i or of the principal 
mc'Hdiati and al iiUcn'ak of 24 mllo^ ttorth lU* F^juth of tho haiv^ line, thua dividing the 
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tr^et heinn jujrvi'Vi'd int^> fiiuwlmngk-tii boundeil by tmt> tiii«rtduiifl 24 Jitlli'fi long itjvl by 
true pamlklii, tlu' muxh boundary of uarh fiimlrongk bt^injs 24 tmiv* and tin* norib 
^aiiindar>' bi-injit 24 long lo-*® the ctmvergpncy of the in that ili^tiinfT- 

Thu secondary paraSli^L^ are ri^Uh:! Mlandnfri parnllch or cwTifcftoPi Unt€^ and ea^b w 
tinuoLis througiitFui iti^ length, The-. socondaTy iEieriduut« are ralktl ^ttuk and 

each is broken at ibe ba-H* lino and al i?acb sta[idard parmllel. 

A tvpical snystem oT princi|m1 and Mwwntlary nxe# ehown Ln tig. 02. The bEkw line 
and Standard parallel Inring ever>TrWrr jx'rt^ftkdtcukr to thxr directiem of the meridLan, 
are ktJ out on ibi’ i^Tuiuid &8 eurrod lines, the rale nf tjurvatiinf dbipendinut; tm the lali- 
tude. The prinripal nitddian ami guide iniiridiajtf^ being tnu? nurth-soulh Lines, are 
laid out AB straight line* but converge towarnl the north, I he rate of convergeuty depend- 
mg \jn the latitude. 

Stiuidard parttUelw nMv eounti-d north or muth of I hr baat^ line; tbuii the jfrohd dnudiird 
paraiiei rtitdh indimleK a pamth 1 4S miliw couth i>f the ban* litw. Guide nieiidiani ai\‘ 
cutmted east or wt'nu of the priueipal mi'riiiiant thus the ihird puidc prjend^dM rr^4i^ \b 72 
mileia wesit of the principed pieridtan. 

Ttk' principal raeridmii, hiUfv line, standard paralleEs, and gUidtJ meridiajis are calk'd 
iitaFidnird kirfs. Along thi 5 base line amJ earh HUmlard parallel is esUhlisheJ at full 
intor^^alH a series of comi^rs calk'd aftfu^rd corncra; and another sem* of contejT? called 
cmr^cftojfc rofners is eslttiilethed later during thi? pmcess of •fubilivLNien mto townships 
imci sccilons, being at srnttller liitervi'als owing to the convergency of the meridians. 
Hence the term nwrr^iKtn b’nc is Used fo designate:] ^ilher u t>iiSe line or a standard partillt'L 

TotTHsAip#. Tht? di%isioii of the 24-mite quaflrangles ereated by the standard lini>s 
inte low'iihhip^ is aceoniplinhid by hiving ofT inu^ meridioniii.1 lines called rriN^ ftnf« at 



Fi«- fKU Tawntthip and nuiw? liiwfc 


inten;^ of 0 miles along each standartj panillel, I he mnge tine exlendtng rtHrth 24 mihv^ 
to I he next standarfl pamllid, and by joining the lownf<hip curm-rs wtabJu^htd at intervals 
td 0 miles on the rupkge hue#, guidi' mendians^, (md principal nieridtau writh lutitiidmal 
tinee ntllid iow^mhip The eti^rt and twuudarit* tm 6 tniles long but the north 

and couth liouiKlaries, cxcopt south iH-iundaries of towiwhipa Uing iiufih of a com-ctiun 
line, are tew ihati 6 mile* long owing to the coiivergency of the meiidianj. 

Thi' plan of subdiviHion iLJuat rated by Fig. 93. A row of towtislil|K extending north 
and south ia called n ran^e, and a row extending vmX and wi*l is called a fi>r. Ranges 
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air rit^t <jr wi??l oF tile prindptil iwuiidwut, aiifl Hure atr mi 4 tit 0 d north or jHiiith 

of tb+ b*» liflif. Uffunliy for piirpo^ of dcficription the word ''townnhip'^ \s. rtiiliiftltuUMj 
for A towiu^hip b deifcriliod by the mjmi>er of tla itcr and 

imd the rmm^ of tht- piindpAi Dieridian, e.f., T78* R7W (read 'Toimi^hip seven -rtTiith, 
range s^ven went")^ of like Third Principal AleridiaUr 
SeeiwnM. Tlie divtaion of townahip^ into sectioiB ie porformed by e?tabllihinf^ ai 
mtervulB of 1 iriiJe, liofffi to the e&^t Iwundary of the townehip and by joining ibe 

section comeia at interval? of ] ndJe with straight latltudlnd lines, Theae 

iiiiea, railed finej, divide oath ttwn?hlp into Bti ii-elion?, a? illuft rated by Fig. 64. 
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&4 . Nuju hiring of aection#. 


The auction* ar^f iiiimben?ti cooseenlSwly from ea?t to west and froM wudt to east-, bo- 
{^Hiking with Nci. ^ in thi^ northi^aiit comer of the township and ending with No. ^ in th^^ 
i^Hltheasl ocirm-r, A wction b h^gaJly described by giving its nimiber, the tier and racigi^! 
of the towwihip, and the name of the principtil meridian^ e.g., ^-ction 10, Tjrf, BJVk% of 
the Third Prineifial Meddlam 

On account of the eonvorgcncy of the rang^? linos (tmo luerldiand) roriniiig the i^iurt 
and west bc»iiiidariLS of towa^hip?^ the latitudirral lines forming iht north ami ntsmih 
t>ouiidiLncs am ksv than 0 mibs in length, ^ixecpl for the ^uth fKiundm^' of townnhlp^ 
that Ib jufrt north of a correctinn line. As north-fiouth wet ion lim-s am run j3afaUd 
to the fOJiJ hffundeir^ of the tawn^ihlp, it follows ttiai, if the surveys are without f;rTor, all 
j^lionn eKcepl ihode adjacent to tbf west b^mndaiy' will be 1 mile squan\ hut that ihium 
adjaivni to tW west boundarT.' will have a Utitudiiiid diiwnsion less lhan I mile by an 
amount equal to The ponvorj^sney of tht? range limw Any i^h^ecss or deficieney in the 

measured dbtanee belwi'en the | | houndarips of the township in placed 


- *1- X Vnortberly 
in the most ( , 

Iwfsledy 


I east and West 

half mile. If the settion b further ^bdividedt all the escccas or 


deficiency b placed lo. the mofit | Qit*tter mile- 
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iSubdirinfm ijnj. The ff^uhr subdtvijiiiicui of a aw tlh> quitn^r ifcetion 

(H w:iiiMt), Ibe hfllf-qiiarttT Mlion fK niih by .' 2 mlki). And tht* quAittr-quarter 
wctbn (!4 mib HiiiunO J tliL- lust contains -HSH jwres anii w Lhe If-kaJ minimiim for purposes 
of dbpuwAl iifidor the gt^ncral bind Laws* 

Of the 36 ouctioDJ^ in each normAl towii.-<hip tFig rcturiu'd ba contiujun]; 

fHO am’fi oaeh^ ID PtctSooii AJcljAceiit to tbt- ntirth and wtwl tK^unduHcA (comprumK 
pectinna 1 lo 5, 1&, 30, arnl 31) eacli contain regular suKrlivisiotui tot alinis 4S0 am^ 

and in wldltioa 4/riifb‘rtn/if fofir each contniiiififi 40 acres plus or miniifi definilc differences 
to he detoTTixinrd m the^ iRjrvey; and I i4|H[^tton (iMTfion *U in thj^ north.wi'flt corner con- 
lalns regular cubdivision? ToiaiEug 360 &crv* and in addirion 7 fractional tola* ^Stictloiis 
or lota may also bo made fractioiud on account of moandcnthlc bcMijcs. of Abater, muiinj^ 
claims, and other isegtogatcd within their EimitSr 

On all pectinn lixic#, monuiiv^iUa an« placed at interval^ i>f -Ml pbairui, 1 hnji tnarking all 
section comerH and all exterior quartiT-Pcction comers. Fur+her of »L^ctioiis 

musi be doiw by wurtwors in private pmctiee, l>ut such subdivirinn mu-Ht coofortri to the 
established dimensions of the official plal, including certain \\m^ of ^rubdi^ion which 
are shown on the plat but are not laid off on the ground* 

A section cannol bi- k-gnlly siihdivided until the section nnd cKterior quarter-section 
comers have hivn either found or o'sEonah amj until the resulting ci>un^^ and distanctiif 
have been determitii'il 111 tht> field, Wh%^n thr^ nppofiitc quart er-sect ion comens have bet^n 
located, the mterior quarter-tsertiun camt'i- may he i^^tablished. If tin* Iwmndancfl nf 
quarteF-fpiarlET iwctions or of fract tonal lots an- to be i-stablb^htxl nti the j^iunil, it is 
necessary' to mi^unf the iiounJaric^ of the quiirti r s*!Ction and ta fix thi-n<iii tlu! qtiartcr- 
quarter^ctian comers at distances in prupurtiuii to those giv'en on thf' otfiriai plat; then 
the interior qUartcr-cjuarler-ikTtion comer niay be placi.'dr The ■fybdiid.rioiial linea of 
fraclinnal quart (hr seetions are: run from propi^ly ej^tablished quajinr-qinirtur-iscctinti cor- 
ULTS, wllh ronhsi**i governed by tlu.^ comfit ions n-prcSL^nled on thi‘ affieja] plai. 

Convcrganty of Meridians. I4?t f 1«! t he lengl h io miles of t he meridiati flet ween I wo 
paralkb whuso mean latitude and let the mtTin dtHtemt!^* botwwn mi-ridkiu, in 
miles na^nnjnMl along a pandEcl, be d. Hk'H the linear convcTgency c/ in feet meastiCL'd 
along a paraJlel, is approximately 


r/ * tan ^ (SU 

Values of convcrgeEicy fur variuuj fcatitudes an? jdven in pubUsbed tables* 

Secant Method of Laying Off a ParalEel of Ladtiida. As thu hoA- line, standard piuul- 
lels, and fatiluflinal township line# an- true paralti'tB of latiludc^ they arc curvctl Itiu^^ 
when estaldi^ht^rl on iht^ jfuHactj of the earth. fSRiinafily a latitudinal line ia laid off on 
the grouEid by ihn- method of offsf^t? from a st nui^iT luie either tangent to nr udco^i'etiEiK 
the paralL'l. Tbs? ainnuiits of the offaetfl cither tnay calcuhiled froTn I he ainvi rgency 
uf the ict^ridianH tir may be obtainni from publbhcd taldc^. 

The want incthod of la^'ing off a paralitjl of latitude U reeiiinramidcd hy the Buo^aq 
of l 4 infl Maitagi-nsmt for itt simplicity tif execution and for the proximity of thu- straight 
lintj (scH-ant^ to the true latitude curve. In Fig. l-ht' sE'i-ant in a straight lim^ ti mik'a 
in length, which IntcmTia thi* trui' pafalkd at thi* *in4 of thr' ffnst and fifth miles from tho 
point uf beginrung. For Ihiii latitude of the jri^rn parallel, the offrt'ts ^in links) from 
si'cant to parallel are given in the figun^ at inten'ala of mile. 

The procedure employed in cstablii^hing a tnn^ fiamilel t\ mi!i*fl tang by thi.« method is 
OA follow,-?‘ TN' initial ptFtnl on the Mreant y lomtcd by measuring iKnilh of the bcgiiming 
eomer a dL-tfancn equal to the secant nffnisl for 0 mik {5 link? in the figure). The tmnsil 
is set up at this point, and the direction uf ihu serant line is established hy laying off froon 
true north the aiimuth^ either mlvulatEMi or taken fn>m puhli-^hi^^l tabk^tf p for iht^ eondi^ 
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Hoiw ilSuntruted hj Hk- B5 tbi^ bi^raiiH flf tht which rxU*ndit vmi Frum thu point 

of begiimiTip; N8&^B7-3'E. (Owiiii; to the eonwrB^^ncy of mendtaiv^p i.hi* niimuih tjt 
the secunt—a at might line—wu'rt aLoiik it^ liint^h.) Tb; is then prujerttftl in a 

straight line for mills; ami, each 40 chuijiK i I j mile) la laid of! along the sec-anf^ the 



or? 

t’lO. ftB, FaraEiiil cf tAEiiode by secflni methods 

proper offset is taken to establisb the corresponding section or qiiftrier-RecUon cnmtjr on 
the true parallel. 

Restoiation of Lost Comcm. Nfany eormir nvarks bceoiw^ uldiierAted with the prug- 
fr4« of time, h is one of tb’ important dntje^ of the local or eemnty ann^thyor, in lbi nv 
Itwalion of property lines or in the furiinTr subdivi^on of lands, to examine all a^^aiJabie 
rvidencse and to identify the official eonu'ra If ihny eaint. fabuuhl a setu-ch of this kind 
result in faHunv ihen it tb“ duty of tb- anrvt'vnr to iimpluy a proof^an of bdd measun^- 
nient that will result in thi* ufdiTeraUNj comer'a lasioK n.’^^ton^d to itjimtwt probable orig' 
inat location. Tf tbj original lEKoillonijf a airinir eamtuC lie ifetermineNj beyond re.fi£H^n- 
able doubtp the tonuT m said to bo foaf; and it ia tbin n*ntEsn^| to its original Incalionp 
as nearly ai< pnowbleK hy pnaasiaL-a of iFurveying that Involye tbe nHracement of lines 
k^ading to tln^ comi,^r. Where linear tueasurumL'nls aJtv necinwary to the resioralion of a 
lost ^^onwr^ tbe principle of j^oporliofUii^ fAie^urcru^it ta^ emplo>'edr ^ingb pn^ 
portiunaU' meusnnMneul couHista In first comparijiK the mnn~vfc^y mi^BSurement with the 
original meaHntirment betwt'i^n twu exintlng eurtiera on opposite sitie^ of the lost conker 
and tb^n laying off a pmportioruito dLstance from one of the existing cnmi^m to the Inist 
comer- Doiiblt^ proportiomile measun.-ruerjt tousist^ In Mngh^ proportionate meaf^ure- 
ment on oaeh of two ^ueb lines perpendicular and interseetiug at Lbi^ |r>st comer. 
tailed fiutnietioiis for tW Feloeation of losi (corners are p^en in tlm manual nf the Bureau 
of ].iand A1 aiiagi.-JiK:jit. 

CITY SURVEYING 

Methods, Tb- term aVy KiiWi^’np L-i frequently applleij to the nurves^ing operations 
w^ithiik a municipality with regard to mapping its art'a, la>ong out niiw- atreets and lots, 
and constructing atn-wts, wwere and other pnblie utilities, and buildings. Although 
the principles of city aurveydng are nut dilferent from ibose of urdinan^ aun^-ujing, tb-re 
are some diffirenccw iti the details of the methmlft etnployi^d. Some f4^t.ijo» pt^rtinent 
to city surveying are as rollowa: 

1. Mea^n^menta are made wdth a greater degreo of refinement than for hmd of Ies6 
vallum 

2. Some eitinif maJnlaln a standard of length with which tapes may bo cornporiNJ- 

3. l^ualiy the horizontal control of the eurxx^y for tbe map nf a city is by triangulatinn 
rather than by inavf^r^lng. which would bs employed for an I'^^ual area mibfido the city 

4. A system of referencf’ pointa ami l^nch marks is cstahlisbi-^i at pcruiLs a fiiw blncJn^ 
apart tnsually at street intenectiorH), and preferably (his aysTtem is tied in with thi^ 
t Tnile<l S^tatea precise siirveya, Pointa are located in the street, at the curb* or on the 
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jcklewjtik, tuH? ifuch poicit buLnif lor ctu^ rliuMui inU^wctiDtii. Oil suheequc^tir 

MjrwjT^i it i* (EpwJ pfajtia* to tit ill lo tnort' thjtn uni' cif thi'flp fj^tubEipbfed pomt«, b? 
niqnuiiMinta nmy hivt boon tnuved. 

5, Tbtj gi^i^hlislKd pcjiiit 2 « BJi;' m-J] rv/on!ni:cd to inorv or lora permanent objMlfi aiich 

u buildini conic ™, corli or walk liiaw, n'otonn of intomKJtioni^ and manbolo 

cnvtfrs. In undevidojioi;! di^trittA, tbuso pointu mfon^nced to utake^. 

6, Mjips iahowiiiff iIrh luration of pnipoFiid ^tivenrv, titrL'et osterwnoiw^ and othor Lm- 
prowmtiTitw usually show^ to wrmEo and in fijfuiT*^, tbe oKad iiimenMons of adjacent hAu 
and ol all other loira llml will he heiwfikNi hy, tir a-iif^smvl for^ the proposed impravi^ 
ineiiL 

7, ^inietimf# separate maps are maiii' of rurfart* and unJergroimd utiliikfa itiich a? 
car lim^ &wers^ wattr lines, ica^ line#, ekctric powfr and Bekphone ILciifts, conduii#, and 
tiiimeln, both for convenient reference and in order to avoid interferefice in the tociation 
of new projects. 

City Survey. Recent ly t he term cii^ *t 4 rJw come tu mean an esteiMive coord inated 
Hun^-y of the aji^a in anil near a city for the purpoflcs of fixiiiK rtfert*neo monuments, 
liieatiiiK property lines and improvements, and determinmg the contijpjratinn and 
physical featun-s of the land. -Such a survey ia of value fur a wide variety of puiposes, 
partieLilarly for planninj^ city iEnprovemi^nts. 

Briedy, the Work eonsbt# in 

1. EstaldishijiK horizontaJ and vertical eonlrol^ as described for tepoKra.phEe survey- 
injg. The primary boriz^iitid control is usually by irtarL^ulatiDU. suppkmented as 
licaiivd by iirecbe traveramfp f^Hrondary horixontal control b by tmv'eimn^ of appro¬ 
priate precision. Primary ^■ertical control b by precise leveling. 

2. Making a topographic survey and topographic map. L'suaEly the aeaJe of the topo¬ 
graphic map is 1 in. = 200 ft. The map is divdihsl into sht^^ls which cover usually 
60^ Iff bugitikle and or -10^ of lat itmle. Points are plot I id by mctangular plain- 
courdjnau#. 

3. Moiiunienting a system of seleetcd points at suitable locatioiiM sueb as sttviil 
coniprs, for refurt^nc^- in Hui:isec]Lient survesi's. These monuments art raferred lo thi* 
plaihi-eoonLLnate s>'Fteni ami to Ehi^ city datum. 

4. Making a propt^rty niap. The survey for the map consists in in) ooElecting te- 
cordid information reganiing propi-rty; ih) determining the location on the ground of 
SI reel iiuer^wctions^ angk pi4nls, and curve points; Ic) monumenlitig the points so 
locatid; and (d) trav'crving to determine ihs ci»rdi nates of iht- monumonts, Oually 
the scak? of the propt^rty map is l in, ■ 50 ft. The map is divided into HhiwBs which 
cover usually 15' of longitude and UV of latitude^ ihii-H hearing a conventcni ndafinn to 
the #htvBs cif t-he topographic map. Thv property map shows the length and biaring of 
all fATi^t lims ami lnjun^lark“tf of public properly, coondinat^^ of gn^Tmlng piiintA, pon- 
ln>i^ nionuminitif^ impthriaiit stnictn™. naturaJ tmiunm of the terrain^ etc., nJi with 
appropriate kgiimis aJid nuton. 

5. Making a Wall map whiich shi^Wi esseULieilly ibc natile mformation ns the topr^ 
graphic map but w^hirh is dmwn tu a sjimJler scale; preferably the scali^ should be not¬ 
ing tluin 1 ill. = 2,000 ft. Tbe wall map is reproduced in tbi- usual colors—culture io 
black, dmiiiaKv in blue, wooded areas in gre4?ru and contours in imiwu. 

0. Making a map, or to ^how unikTgnmmi utilities. rsuaJiy ihe scab of the 

imdergnaiiid juup find ihi/ id the map shis'L« iwe ibe same as those for the property 

map. Tlie unclcrgrouml uiap shows .-rtint't ami s^aHt-irieni lines, luuuunuiuits. surfiice 
structures and naturaL fculun^ a^ecting undiMicrrmnii conptmclion, tuni underground 
strurEunw iiwiih dimEMudoiiB), all with apjiroprLate Icgi^mis and notire. 

Cwda^tiwJ Surveying. Cadastral surveyiEig in a |Eiiiu*rsI terra refstring to cxEensiyi* 
surveys lelatiDg tD land boundaries and zubdivisicms, wfu^ther they are city sum^vs as 
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described in thu ptfieinLlnf' ftrti-ele or mrv^y^ rurnJ kiid IndudixLie U:h! ptihlic hu^df. 
A map iiniividiMJ tmcti# nf land with k-n^th hohI iM^arini; of 

hounrkriw, arrtTii^^ owiarsihip, anti dona^riim^ thi" cultuiul and dminage fea'riirt'H. 
Tlw: j?urve>iTi 45 rmithtMih an? ikv Hunt- m ihtmi for tmpojfrmphic! s^urvi-jniii: for 

inji [ifl of mU!!rme 4 ;Liat<i^ anil lar^o Ttn titrm aidnitral is indi-finite and in nok In ^jni- 

mon Bpeciflc U-mwi ^iuch ad iaod, pu^Ak4and, nr /hfflprrjy survey are pn-fenihle. 

TOPOGRAPHIC MAPS 

Scurc'cs of Mepa Existing nia|M ufkd/or aerial photoi^raplis are an aiJ to any survtiy^ 
evt'n though they may not be of the particular luttuft: or scale JcslnHj. Tbt^ la-nirai 
K{»uree of iDformatloTi rega^dini; all Ffdeml maps aruJ aerial photographs is llkt Alap 
[iiTiititLation Office^ Geolo|pt-al SurvuVt Washington,, D.C. Many maps atiU/or 
pboLogniphs are avajlalilr fmin ntalev eounty^ and city iigeneiet!. 

Characteristics of Ccnmiir lin-es. Ttk^ prlncipai eharactemtlos of contour Enea an^ 
m rtillovia: 

1, The horiiontal ilu^tfiriw' between contour lilies U inversely proporttotial to the 
alope;. henee, on steep slotKiSp the eoiitoui: line* are spaced closely. 

2- On uniform slopes, tbi' mintoiir lines are spaced luuformly. 

Along p^ne surface^, coatuur linns are straight and pamLEi-l to one another. 

4. it* coni our tine* repreai^nt level llne^^ tliey are ja-rpendicLilar to the line* uf 
sloptT. They are perpendcEmlar tti ridge and valley llm.^ where they cross such line*, 

5- As all land arx^ may' be n^garded as Bummits or islands above swa lev^l, nil con¬ 
tour mmt dooe upon thcimselveic either within or a’ithout tho IwrdcT* of the map. 
It fiillow* that a eloet^d contour line on a map atwayB Iniiieatt* cither a atjmmit or a de- 
presaioJi. If water line* or the eSevationit of adjacent contour linca du not indicate which 
condition is repreficntcd, a di'prv^ion is imlicaU'^1 by a hachunfd contour line, called a 
dcpfcstfion conlour, 

ti. As contour lin^ repru*cut oontoiira of difTcrent elevation on the ground^ they cannot 
merge or crosss one another on the niap^ except in the rare cases of vi'-rtiraJ or overhanging 
griKimd surfftces, 

7. A single contoiir Enr cimnut lie lielween two contour lint** of higher or lower Ldeva- 
tioji* 

Contour Interval. The verticid distance between conluursri Is eaUed the r^rti^ur inier- 
wd. Tbt^ choice of iniervat depends on the purpow and scale uf tlH; map and on the 
character of tcmiiti represented; thrw priuripal consideralifKis are the desired accuracy 
of eli':vntiond, the character and U'iXiun.' of tb' b^rrain, and tegibiiily. For larg[--*cabe 
maps of fhu eoitntry^ the interval may K" takeu a^ smaJI as ft j for j?ma]l;^calc map* uf 
rough coutiiry, the inten'al may he 50 ft, 100 ft, or more. For maps of intemaHiiiity 
iifaJe, Rich a* UM.H:i for many enginwering studii's, i he interval i* usually 2 or 5 ft (ma: 
almi Table 8). 

Contour-map Constmetioo. Normally the corntruction of a lu^Mjgraphic map con- 
rasbi of thret operfllions: (li the plotting of ik- horizonml control, or ske'etou upon 
which the details of the map ait^ hiing^ i2ii thi- plotting af delaiiis, tncWJirg the map 
location of point* of known ground elevation, called ^otind poiftUt, by nawa of which 
the relief i* to be indicated; and l3) the construction of contour line* at a given contour 
interval, tb- gmuad poiiita being employed a& guiiliv in the prnpi.^r location of the con¬ 
tour line*. -A gruuta! pcant on a contour i* called a tifntaur ptnnL 

Any contoia' Eae muit be drawn, to some degro«, by ^^rt imation. J^kill and judgment 
an* nMiuiriHi la thi? end that tht: contour lines may Ik-*! n^pioscnt I he actual riNodgum- 
tiuD of itki groinid surface. 

Cuntour Eia* are shown for ekvationfl which art multi pk^ of the contour int'prval; 
usualiv each fifth contour tiru! w nnulo hfittvier than the tv&i and is nunil>cmd. 
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CDiili>iir0 ordinarilv riiRfigp dirt ctioii mnst shurply whprv they croes ridge and vuiUty 
Isiws; ubiti, rhfi gradients of ndp^ iJid vjilieys; im- KiMU^mlty iiniFonn, Henee rirlge And 
vftjit'y lifue#! are impnrUuit nkl* iw tin- com^t dmwirjg of Ofiiiluiir Lineji. 

Spot EieTAtlons. of mgiilfieiint pamtfl m^h b» EHimmils. deprtssiDni;^ ih&rp 

bit'PikH in Biopo, bridge, watrriurfaM, and ri.i*d iiak*rtn?eUtiiw ^tioidd bo ahown on ibe 
map nu^^r&lB. 

InterpolAtiim of Contour?, (>ii irm^rrriL'diati.- ond 

often the preriflion can bo nblaitii'd if ibi: interpolation m inade by oarefuJ e^tiioii- 

tion jiuppl^'mcjntcd by approxinuiU* nn'OtaJ eompuiatiii;irui» 

Cffmjfiilutifrn. Where ccin^kli'rahle pn^ejaion \b dcwrt'il in tluj map^ tbi^ ^ompuEu- 
tionfi niay in* rnaile with the aid of a filido rule. 

Graphitctl Afrtin-I. Vttriciu.H rntfanw of gtnphiral intprpolatjoti art^ in Dta* of 
theije h Lllujitrated by Fig. yO. A numb^ir of ^vamllel linea are drawn at L-^iiiaJ intervalp 



on traetiig cloth, i^eh fifth or teiilh line twing inade beavk^r than, or of ct diffin^nt oobr 
from, the rwl amJ fa'ing iiombered rw hHowh. If it ia divin'd to iiileriiDlaU.- the popition 
of^ rtay, the 5'i- and ^-ft rootourB; Iwtweeii n wlih i4-vatloEi of 50.7 and t with elevation 
of 55.1, the line on the imcieg cloth eorrnsponding to 0.7 ft ^turtle at k'fi imdi h- plaui^l 
over a, arwi tb^ trariEiR ia turiied alwut o an a center until the line rnrrwuptmdirig to 5-1 ft 
(tmle at left end) wiveiit fc. The Interpolated pidntH are at the interwHitiotis of 2.0 
and 4.0 (repPTf-ieriting elevations 52 ariKl |4i and the line ot and may bt? pricked tbrnngb 
iht.^ tracing clotk 

AnotbT mnvenkm graphical na'aiw of inlerpolation in through the une of a mbher 
band graduatitd at ct|ual interval with linoa forming a jscale. The baiuJ in Htn-tcheti 
between two plotted pointi^ ^o tliat thewe- points fall at scale divtsLOtu^ com-i<poiiding to 
their ek-vatioofl. 

Syatema of Gtauad Pouits. The typical syffleras of git^uiul points eoninionly ujhhI in 
the ] 3 wparatioii lif topograptiic maps arw the co/drodiinfl^j^n'nf, arm'pj‘ 0 fitt, thtcktthonrd, 
EUkI fmcc-c^wfour i^yifU'xiis. 

1, Conh-iitfiTtff Poirdi. CiEt^und ptdntB are chopKm as mrtvwir>' to 4‘fine the jiuuuidMt 
<fcpreiiE*iOEi{5^ valley and ridge lin™, and all important rhangca in flUjpe, Thij? irreguictr 
syateib K plotted as in Fig. 67* aauJ the contmir hrM?s ImtiU'd by inUTpolation. 

2. fV-ewfl Pru/fcs. Tb' crDf«»-pmfili‘ im^lhod is mosi firnuetiHy u-^d in c^inneetJoti with 
mute surveyp. Thi- bdd BnrvvVB determine tbe UHTition either of all coniour pouita or of 
all poinia of chiiiige in bIojki, along selected lines normal lo the mute traverae line. Thi^ 














1-92 


SURVEYING 




lince, And griHioLl pdintH juv And tku* ^n^tuur Eiivfl ut'* 

drawn^ lUurtlrmlJL-d m Fig. OS. 

B. ChAckerimfd. A nf ^MaTi^ DT n!<7t[ili|(l4:i 10 pluttcni, ab m F^- 00, Hisd lumT 

eikcli 10 writU^u Its oluvjitiisi]. Aluo, tht" looatloiiB uf volk^y il^hJ Hd^ liocii rk 

iihowiL The enntour rrcj^iaipj 04^! intuqi^liiL^^ oti thL" 
vAlkiy AJid lidgK: liEk^ urjct an the 0ii|i.4f of itu* Hquan>tc, 
^id Ehe contour IIjil'^ arc dratt-n. 

4 . Tracitrff ^'^p^l^trurr. A nuinlR^r of poiiiiri uo a 
^ven contour arc Ioc^UmI on I he i^ountl, add tb'ir 
coTTViipandinK locatiortf arc |ilult€>d on tbi map. Tim 
contour liim a then dravn ihrou^b ihese plotted 
pointer 

Tests for Accuracy^ A topographic mi&p can W 
l^ed for accumc>% both in plan aiul lU elation. 
In thi0 clu4cu.*mlon it tofsiiincd that liii^ eriorK in 
fkdfl nwKf?un>Encnt mny bo dkfcgiirdL'd odd that a 
paphicat wialj* U pmvided on thj- map to riuerijiT 
neglisibir any effect of nhrink&p.^ of the paix^r. 

Thr ti!st for horiiontal diluennSom eoniii0t«i Eit cant- 
laLnnR liietanra^ from the map and diatAncea 

imAHUnnl oil the pound belWi^n the COrn^BpOmLiniC 
poinlA. Thi^ prrcioqon with which dialancra may he 
oiiaJed from a map diipendn on the jtede of dm map 
and on the aue of ihii plntLing errorv- Thud, if for a 
map scale of 1 in. * 100 ft it knnu'iL that the error 
in location of any one point with respect to any other 
Fio, 0 S- Cr» proflta. on tht: map if in., I him the emw Tt^prcflentfl 2.5 ft 

on the ground. 

Om' teat for elevationa eonnists in cempariri45. for selected poiota, the cicvaiioiw 
drtennini^ by held levcii and the colTPflp^mdiiigekvatiana taken from the mop- Uouidly 
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thu puiEit^ lAk^n bt lOGhit BlAtlutv ^niig imvent^ ivpiail of 

lb’ Irrmin. A mon^ Bearchirij^ Icwl u li> pUrt wkfctCTi profik^ of tb? |{rtJtinil surfiux’ ju« 
c|c>u*rmim.H[i t>y tht^ fiekl levi’bi oiul tbr rorrv^ponding proRk^ fF^m tbf innp. Tb^ 

pf^=>pct^ of ic ^'i^rart ^411 b' P^^denwd if the mjtp profile w nbnve or below ibe 

jp^ind pniftb for AO UTidue pmporltoh rtf it# length. 
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Choice of Map Scale. Fniro a coEtddefation of the tiwtjs ikwofibed ki the proeetMu^ 
ortiek'’ it IB pcttflible to choose a map acaJe cooKimeiii niih tbe purpoee of tlie ffctirvi’y if 
tb* approxiniau- Biie of ihe plaluoK emir u known. For eitamplu, if it i* known that 
(with ivAjiDaiibk- care in ploitinit) the avurAge error in dtpcaon^ b^twoiiii any two chduiju’ 
paint# on the map 1 b p in,, ami if it us known that, iht^ |}«rp^jwt' of the aurvey will b mi't 
if the Avemgt! error In Bcalcd ctiBlanceB la 10 ft^ thi'st* eomiitiutiH ato satwlksl by n map 
seaJe of 1 in. — dOt)’ ft. By a aiiiiilar oonwe of reaH^niriR. a niap Male may be ehcweb 
that will represent a given arm within ifosinMi limits of plot ling error. 

Choice of Conlotir IntftrvaJ. Tb’ cotilour interval may b' thought of as the maIu by 
which the vertical dwiKmcea or elevaliotiij are meafriin?d on a map. The ehoici- of a jyroper 
eodtour interval for a topngrapliic survey ami map baBerl Upon three principiil con- 
biderationat M3 follofi^i 

1. The greater tb? dcsiired accumey of elcvatiums n-ad froiB the map the smaller 
Bbould be ttie eontotif interval. In generaJ, the snap error in e1eviit[iin of any potnl 
should not escced onn-half of one eimlonr interval. 

2. The contour interval shoukl generutiy be nmaller for a map of flat country' than for 
a map of bifly country, ff a glvim kind of terrain m irregular mthar ihan simMiihp the 
contour mterval iibuuld he relativ^dy Amall in order to shtiw' tb' complexity of confignri^ 
lion. 

3. To eiiaure k^bility of the map* contour Ifni's should nat be spact^ more closely 
Lhan abHii 30 to the inch. Under this limitation tb? smaLler the jwale of tb? map the 
larger should be the cantouf interval. 

Table S repr«H [itfl good practice? in the tieltzctiou of contour inlerval uiadt?r usual 
conditions, 

Spccificatiaiia for Topographic Map*. The average urrorw in wraJed horiitmtal di- 
menaioEi# between definite point# ehoseii at random may be limittxl to a staled value^ or 
the percental?? of error in ateas icaleil from the map may be linuted. The accuracy of 
contour liiics may Inc ^pfci&jd by aRBignimc maximum valui?H to the average error in 
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T^tiLt R- Rklatids- BEmEiiS 8 cale or M\i\ Slope of CSb^H'No^ anu 
CoSTOLTl lN-1-EaVAL 


fkale of map 

tiungc of scale 

Slope cd tpimad 

IntiTrval^ ft 

Larip* 

1 in. « lOO ft or less 

Fiat 

0.5 nr 1 


Rolling 

\ or 2 



Hilly 

2or S 

Intermediate 

1 in. => 100 to l,CMn n 

Flat 

Ip 2, nr 5 

RullliXK 

2 or 5 



Hilly 

5 m 10 

Small 

1 iu. — 1,000 ft or more 

Flat 

2, 5. w 10 


Rolling 

10 or 20 



Hilly 

1 20oraO 



Mciuntainou-*i 

JiO, 100. or 200 


oli^vmtioiiB tikpn from tbe nuip^ thi; niMSihiUiu error Lndic&tt4 by rfimioni tecl pruJilrafl, 
nnd tile ratio of the length of ihi* map proGJe thiit lieif above the gn>und profili^ lo ik^ 
louj^h that lit-s below the ground prufilo- 

For eximipLe, tb 4 ? acruracy af * Biveii Lu|30piiphje map might be apedfietl m follows: 
The average error in ^Jiet-anceft between dl^!iaJte poinU as ^cak^ from ibe map whall not 
excixjd 8 ft ^ the avL^ra^^ error in elcvatiaiea read from the map jthaJl not exceed 1 the 
TFULxiniuiu error indicated by randotn tost prufileti shell] not exceed 4 ft; and the ratio 
oC the length til tht^ map proGle Lhat liiiA above the ground profile to the length thnt lie? 
below the gfound prohie shall be betwot^n H ^■ 

National map accuracy ivquLremcnEe adopted by the principal Federal 

organuHtloiu engaged in making maps include the following; 

V, Hota&nioi Acrwnc^j. At ifwpuhlicadon icale^ for maps of scale larger than 1 in. 

I,@70 It, not more than lf> pereeni of the woll-dehned points tested shall be in error by 
more tlmn in.^ for niaps of scate 1 Lq. « 1^670 ft or more, 

2. Fftfioid Aecnrflc^. Not mum tlian tO peitoni of the elevatJona touted shall be in 
cfTTir by more than one-half ihf eooluiir interval. 

TOPOGRAPmc SURVEYING 

ClasacB of Survo3?a. Topographic i^nrveyn fall r^tughly into three rlaKSee, according; 
to the ™lt: tbe^ map, aA fdlowrt: 

Ijirge scaJe; 1 in. =w 100 ft or les& 

fnlermcdiatjc aealeJ 1 in. ■* 100 ft to 1 in. “ 1,000 ft. 

Small scaJfit I in^ * 1,000 ft or ninrVr 

General Field Methods. Thr topographic ewrvi'y of a tmet conjrUts in (1) cs^tal^tiahing 
over the area a system of key stationi* ccinntTcted by ineawrements of relatively high 
preemon, a flyatem called tk" conf^oi; and (2) locating tb‘ dctaiVa* including the selccr^Hj 
gn-aind poinia, by mi-astireirw^iiLP t*t lower preciAuo from thi? control statioEUf. 

Tn the choice of fti.-ld pad hods for trjpu*gmpliic enurveying, the ilems to bt^ considered 
an' ihc infcndAf Hw o/ ihr jflop (more n^hnod nkuthoisk should be uped for surveys for 
delaibed nuipi than for Hurveye for mnps of a gcneml eharpctiT)^ the area the tTad 
(conErol mcaHtuvintHita for a Large luea shouki be more preelwi than those for a Hmall 
ait-a)t thi-! ntap teaie (the probable error? in the held mcasiiitripcnta plukuld be ccnsidiMaJily 
lest Ehan the probaijltj errors in ploltiog at the given scak); and the txtnimr (the 

smaller tlv: rontour interval, the more refined should be the hoki nv>tha{n}^ 

The principal inatnunentA used an* the onginceFs limnsit, the plaoi^ tabk, the i]nip- 
iioeFs level, the hand level, and the clinometor. The use of the tramdt has advantage 
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«viT ih*^! wsu of ihv plane labln whi-tf ibere Hn- many dfc^fitiite pciuilft to be loctited or 
whm iIm* ground cover liraitj* thn v^ldiity and njquirtw maiiiy Comlillonfi 

favorable to the uae the plami table arv open countr>' and many irtvgular to be 
niapped, Sonietimes tbe transit and the plane table, or thtr imruHit and the enipcieer's 
level, may In? uh.^ together to ndvantaigc. Thmui^h deiiM* w^oodn, elet'atioits of detailri 
are determined tnuitt advantagv-iin-^H' by nK.'aii!' of the hand level or the ehnoitinetor, and 
dbtance* an* u.'cuaJly determined by ehnining. 

The horirbnlal control h eFtahlifiluNj by iriangnlatkm or l ravi.*raiiig, and ihi- vertical 
control h) e?=Eahll-tbed by leveling. 

The k>ralinrw iif the H^leettd gmund puiiiti! in plan an: il4>tenmmMj in the wtiuo tmuitter 
m for definite details, UhUally by racLiaEion. The ground p^nntrf may or may not be coji- 
tour points. The elei'atioM of ground palms aie determined nauaJly by trigonomelrie 
k'^eling or, whiire tbi* terrain U flat, by direct leVK4jug. The ftatiia ih used ei£tcnjd\vly 
except oti largtH*caSe fiLirve>^, for which tb« errors in fltadia dii^taiiccw are lar^v compared 
with the errtjrs of plotting; on largC'-f^le surveys usually the dNances to ih-finLlr iletails 
are mea^teJ with tW <apc. The deMuls may be located either at the tUne of ladaldbihing 
iho control or later Fur lh\^ four of ground poinb= cominonly employcid In 

locating detiuL't, tfu* fivia-ral field nn'lhcMLi are as follow^!; 

L Where tbi* Ls used, the ground points form aii irtvKular 

jjeystein along ridge and vafchy tines and ai other eriticat featiunw of thi* ternkin (Fig. tlT), 
The ground pi>inf= an* tueated in plan by radiation or interBection with transit or pLaiir 
tahle, and their el<‘vutiotL!i am ileU-nninwi cuiiimonly hy tngononu*lric leveiing orsotue- 
(iint's by direct levriing. 

2. Where thccr(?Jta-pm^Je system is nsifd, as on rouU* surveys, the ground poinls an^ on 
relatively short line* Irani*vcise to the main trawratf (Fig- fiS). The dblJinees froiu 
travensL- to gr^mnd poinia an- meaHured with rht^ tnpt', and the elcvalious of ground 
poitils Bit* (JvlermiitiHi by iUttlcI k-veling, often with the band level. 

3. Where the ch^ltrboarti system is used, as where thi* seale is large and the tract is 
wsKtdid or the topography a ^ooth, the imct is divideti Lolo ^uare* or n'CEnngliHs with 
staki-^ set at thtf ctjrtaim (.Fig. ti9). The elevitUan of the groLind is determined at 
vormira and at critiraJ internu'diate point# whem ehangj'S in elope owur, usually by 
difeet leveling. 

4. Where tbo ir^ic^-cmiovr system is Uirt^nJ, the cotitours an- traced nut an thi- grounii. 
The vanoiiP contour points occupied by the rml are located by radiatiim with i fan*ti or 
plane lahk*, Fn^tUently the engjliter's levi*l is employed as an nuxSliwy' instrument. 

The following statements -sumniartEe the lhh' uf the various system* of gmimd points 
cmploy^M in locating details: 

lnt^rmfdial£-X 4 lir Sumr/i. GencrflUy the controlling-poim system Ls Usci! on hilly idf 
rolling groumi, aJtd the crwB-pralile ^yatvm Is used on flat ktoluhI ur for mute 
aurveyjf, 

Nunvffy#. Generally the tmCL-eoiitour ^yaliim ts used if the rvqmmL «c^ 
eijrucy is high and thi* ground i# #4unewliii? irreguletr in form, *nd the checkertitHLrd 
H>vtein is uamd if the grtitind ii smooth aJiti the nmtuur line's fuay bo goniHrdLELxl cu some 
ratiMlt. 

Nwiuff-scafe Swrvepjf. The controlling-point tn-ateiu is inw-d aiiuocd uiiivermlly. A n-b 
ativciy small numlM*r of ground points an? loentiMi, ufleii by tririn|imk^b>A pit™ 

lable; their fie vat ioiw are df Eermined by trigonomeEric leveting^ the horiiontal distanci's 
used in computing the diflcn:nce in elevation often being scnlinl fmm the iimp. 

CoQtrob Control ctinsista of two parta: (I ^ caFiTj-of, for wfucH by triangiiU- 

tion aniJ/nr traversing the eoutroJ statienH are locate<l in plan; ami (2] miicnl control, 
fi^r which by Ic^-eling tlu* iM^nch marks are establi§lu*d tmd the cnntrol atntioos are 
located in clevtition. 
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On of wUlti iistunl a few sUiiorw digtHhumi over ihi" lfbcL ant eonneettNi by 

preeiR? iruiaPMn'mj^ntf*, forming ihe primunj cvnSfd; within l\m M&Lrt?! iiyi^tent olbcr 
rontrol ^tation^ are located by pj^ripe nw^*pt|fi'ti3i:ali?^ rorming ihv j««jnrfdry eontroi. 
For ffmiJ] art-ftfl only one tonlroi system nt'ctysnaiy, corrosponding in pnicision to tiw 
itecDEtdaiy control for largor anisfu*. The termp ^^primar^"" aitil "iccondary^' arv purely 
rr-lntivo. Tflbkf 9 givcsL appro:i£^imiite v&lui?8 of tb^ liinjta of ptrmsewble error for control 
mn^unTEUiiit^ -RiitAble to the di^en-iit map 

Another ebitfli^ration tif eontrol—cither tnarwnlflilun. imverfing, or loTi'ling—with 
regnrd to precision b by The variou^^ ordt'r^ btv alw-ulule, not rvlatiw- The ex- 

U'lwrivT jnjrvey# exeeuletl by ihp. Fedfml agcneii's ineMeytr^f-nimfer, wnn^^^def^ third- 
ffrdiT^ imd /owrtA-ofder control; roughly tht'pe rtJrrE*spond, n:i<pectivelyK to prir£tHr>% 

perandaO'i ami qiifliertifljy eonlrol for pmali-scale maps. 

Hnritdutil Control- The burifoiital control may wnsHst of a tiUTOnN-: HVatem, a 
triangulalioji e>'BteTin, or a cornliiimtion of the i wn. The required precision of horiBunlil 
rontrtil depends on the fw and shapt^ of the tract and nn thu scale of ibc irmp; in Table 9 
%rv givE^n approximate valqrw of pE>™iasible errors uu atJioary Burveys. The valuL«^ 
givE^n in the table for seconrian^ control of large amas may bt^ applied to the eonirot of 
Hmall areas. 

TrarerifinQ. Convenient roiitea ate ehcx^ut that will revolt III ibe advantag^'ous IiMra- 
l ion of P-! at Iona. Beeauae nf t he cumulat i%"e effeeis of tbe errors in t ranst-tape travE* rsinK, 
in primary Iraversing it h ds-airable ns u check to itrnmgii closed circuits of length nut to 
ptirhttp«^ 10 miles, dlvnditig The tract into roughly equal areas. If closed circuits 
,'*ftnnot secured conveuioutly, elit'cSu^ for distanr^^ ahuuJiJ fa- rkpplicd as ilw' work pru- 
m-dSn and ehteka for eaimutb by aslronomirai oisw^r^'ations tihould be applied at inter- 
vaL-E uf pc^rhap^ 10 miles. In making the ehwk for axtmulh. aceount must be taken of 
tiu.i cunvergcncy nf mejidums. 

Wbiin'ver H?condaiy traverse# are nquired lo esUblLsb thi^ instniment piatiDiM fn>m 
which The detaU' am Incatcd, an nn a within a closed primary' traverse may be divlfleil 
by tucaus of thi- M-cOhdarj- tras^erntfl into a sfrit^ of roughly paralUd sirips. ik-condiuy' 
ttavem.'S are uh-uBLLiy run with The transit but jm- sometimes run with the plane table and 
tK^casinnally with the sur^-cyor's romiwjwi. The letigth." of ibb- traverse Imes are de- 
tertulncd cammotily by ptadin or, if g^Titer precision w nqijiml, by means of the 
tape. 

The fiebi conElilions favorable to the u^w of LrianguiatSon to eatnbliflb 
the hniiiontiii ctmtro! arv a fairly extended area in an Eipim, hilly region^ a city where 
traveling ia difieijlt because of strtet traffie: or a ruKKPd, mountainous region w'hcre 
iravi^rsing would be slow and laboriouB. 

A gerH'ml la>"out nf the schi'me of primary triangutaiion is planned on an existing smalb 
•icate map: the fk'ld utations an-^ i^tablirthiMl on summits w^horu visibility la gCHxli and 
‘iignabi an.' OTvrttfti. Oiie or more litftSE' lim^s any i^lablishcd ami measunxl, ami their 
T.njHT aiimuths are deterniiijcd by nstrunomiral observations. Obst^rvations of angles 
ikn' made r>n tl) major stations, which arc marked by sigtiab and which an^ to f>e oc- 
cupir-d hy tb' Inplmniimt^ and r^} minor stations marked by #uc:b objccls aB tirees, spireSp 
aikti ehimru^yp- Wht’n fhe field meaKUR'niefits have Isa-n compk'leth the ricet^ssary com¬ 
putations and ailjustinent-'^ nri^ made; then thi^ eoortlinatcs of i-aeh station are detertnlned 
for usR in plotting. 

AlEhm^gh iwcoiuiar>^ ojtitrol tK ciiiimionly e^Eaijll#lkKi by tntversing. trlangnJatiou is 
employtd where in.«.tnirneiil stations can \xt advantagiviusly located by this meibcsd, 
[larticularly in op-n, reiigh COUTH Ty w'here eh.Hining would be diffieult. For ^iniill 
usually k is posfliblc lo obtain tlu^ re<tuirc<l prceyion by the meth^MJ of grnphimi trianjni- 
Latiuti i^mj^oying the plane lafkiH!: (p, ThU nn-thod h;is the tuivantage!# that no 

cotupulaiionji an* requinHl njul that resection can be rvadiiy ttccomplishiNlr 
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StllUEYINR 


V^rticAl CoutTQU Vk\nch dmrka iLftf at iIlt^■^vllJi^ Dwr thu- *rpm, 

inaMTfe afl pminis uf tic pari un’ am I cliKAiiif for thf IfVt'liiij? op^rationfl <>f Tht? t<ppographt^ 
FHirtie^i when Irwalinc dotmbs. 

Primarji' arvii pecoodary Ii*vp 1 roiih^ ati' rrtiuintl ui alMnit ihv mtiUL- jiiumint, aiiil JwTtr 
abnui tht! iwaiti- n'lfliioa to i^Sifh. oLhiir, an do fhi' prinuu^' and aocotuiatn" of 

trtangukiinn gystemP- Lhti \t*Vi\[ mult# follow tho Iniwfflo lihL^d, tlio lavit'riM.i 

ptadoEie bc-ing used ap itultIu. tn Table 9 tav i^voii &ppmx.tituiie valoim of por- 

lukplble error on ordinary 4qjri,"e> ■?- 

Ortlmarily, tho verttraJ contml k acmwplij'hod by direct levobug, but for -Hnuill anw 
or in rouf^ eountry frequ.tfnl3y thi*! vi^rlieaJ cotitml k i.^tai>ibsb€jd by Lrignnoiiii.>lrir Icirel- 
Ing^ 

Locatfon of Betiila. Tbe predjnQp rt^quired In ioeaiiiiK Biich definite objects a& build- 
ingii, bridges, and boundary Urn* iiboLjld Ik* ctiiyskleiit with tb* priTEHinn of pilolting^ 
which may be assumed to be a map tlipUnct.^ uf a^Hint Ma in. Such \vm deinite objects 
as shoie Itne#^ ptreams, and edge* of wuotk an^ loeaTed with a precision corrtspoiidiiig to 
a map distajice of perhap? }itt or vi- tor u.-^* in maps of the fame relative pre- 
cifion^ Enon^ liK^ted points an- R'quind fur a area on likT|^*-!VdJe i^urveyj^ tlnm on 
intermdiate-fieale surveys; bi nw ibe liHmtion oF deEaJLt ia nj-latively more im|H>rtatit on 
large-scale surveys. 

The veracity with which contour Enua repmsenf the lermin ^lepends on the MTuracy 
and preciFinn of tk- olifg^rvaiions, t he nutniKor of oWrvatinnfl, and I hi? diatributiou uf 
Ehi' point.^ located- Graund points are dcBnile; kiill, as the eontqur lines aiU^L la^eesarlly 
be gt:TH?ralktfl to ponn? oKient, it wtiuld \k Inappmpriaie lo locate tb' fXKints w^iili jericii'd 
RK-ajiLireinent.'s. The error of field oif^nsiirDtiiEtht bi plan iffiould be coEisistent wilti thi' 
error in ekvafion, w'hieh in Ri'ru^nd fthoultl Ml iLXCeeci one-fyih of a ctintour iotervaii; 
Lho3 g¥'nj«raily the i»m:ir in plan nhould not oseeed um?-Fifth nf the horitontal dtsUitiee 
laUWiHm cOnttiuns. The purpfjSL^ of the survey Will be better by loftlting u Rry^aler 

Otiinljcr oF poinlc with k-w ptecisloii, within reaHOEinblc hmiLs, than by locating fewer 
poiiitA with ipxuter preebsiOEL 

Details may lie locatid by ibi^ eniiErt^iliug-point method 
employ 111 ^ the imnsit ands-tadia^ the plane table, or tk^ tnmsiE imii plane table togiUher. 
The thstancTS ore usually mwe^urt.-nS by stjulia; but, ou Satgo-scsle ^iurveys, dlMtanec'jis to 
definite details Euay tie mcasun^l with the tape. 

Transit and Stadia, fn IcKinting ground points, usually the vertical ajigk-^ are oli- 
pcrved more precisely thjm the horizontal anglej;. 

The trEui^t is fct up and oricnti_‘d at a enntroi stalkm. Dotaik in ihc ^■icinity of the 
!<tation are by angle ami d Stance: measmi^mcnils, Xutea may be kept in the 

fomn shown in Fig- M. Ski^trhes bjv if n^^c^.»!^flarJ■ to make itw^ iorat ion of ah points 
cltHtr lo thi? map dnJrsmaii. 

Tb* rodmioi choos’ ground p^jints along valley ami ridgj llin^s and at summits, de- 
pteK5ion», important elianges Lu slopc\ aud definite dotoiK Thi> i4ek*ctinn of points k 
importanl, atid t he rodcvcii should be inst meted and t nti n+?il for t heir work. They shouhi 
follow a svateiiLaTie orrangi-ment of routc-s sueh lluit thi' entire ait^a is covered. They 
should the lemun candulSy nnil n?port im|S;»rlanl features that cannot «^i 

from the transit Station- 

Plane Table, fh•foI^^ the plane lable is Eaken inta the field, the hurizontal control is 
adjusted and plaited on the pLahe-Eable sWl. Th^ ele\'alioiis of ail bench marks either 
ani rt'cnrdt^ on f he shciU of an^ ift t he hakiils uf tfie computer. 

Thi' instrument man fluta up and untiiils the plani^ tahk- at a control idatinn. He then 
dlreoUi the rodmon lo thi^ conimllifig (KHints of (he Urrrain, as just dt-^ribed for the 
tmnHit. WhiMi a italman hnlrl^ thi- md on a ground point, the instruim'nEcnan sights on 
the rod to determini* ihe din^ctlon, sdadia inler^Mil, arurl viTtieal aiighs the computer 
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xbt horiKOfiTAl dlKijuiiirL^ fnim HUtion lo Krcmn^l pnirit ttnd ilur t^U^vAtion of the- 
Kr^.itind point; and ihf iofitniiin^^ntiium ploiA ihr paint and recunin h.R iT]L<VBtioiL utAT ila 
pIcitUfI iot-ALloii af^i 5>. As rupidiv su? ^uHicient dam an* evraivd, iHe? iiutm- 

rOEiiittimii hki'tcht'rf iht conlour Oibff objuetA uf the tcrrftiii wn? Sofatt'd and an' 

fInkWn lathiir m finijLbkHJ form or with tfiifliri4*iil [Lftajl h> I hat they mnv Im* rtunpli-tini 
in ihk* 

Tnwfiii and PlaiiL" Taljif. Fur lsTgi»-scHJi? niafwi and wht.^R’ many Uftails are to he 
siphti-^l, sonwtiim** It id advaDtas’.'nufi lo mm} Kolh itw? trandt and I he plan-i^ tahic’. Thia 
nwthHKl fwvea timi? ift thi' fields but it may not thn total vml, as a Ur^vr |Hirty w 

re^liiired than Iht lIw pluno Table alone. 

The tran^^it bf si-i up and orienttil at tlu' eotilrel tEation^ thtf location of whiek id 
plotted nn the plank^table akwt. The plani* talib b mi up and orienlc^J n^iarby, and ita 
Incatioii is plotted on the map ui ita oorrert n^talioti to the transit fftfllion. When a rod- 
man has seiocU'd a gjtmnd poLol^ i tu? iranfitman □bs^rv'es the steulia disT-anee and vurli- 
eal iiniste to it; the plane-tatde tnaii ^ighia b the direotlon of tbi^ point, draws a my 
toward it ffom the plotted lotation of the plaokj-tahle atatloEU plots point at the eor- 
reet distajiee scaled from tht' plotted location of the trsjuit station, lind records on the 
map the plevation (oompciti'<l by the transitmon or The computer) of the plotted 
point. 

Cromt^jrrtffds Mfihod. For llie erosa-prtkfile mothixl of iDcatine detail the pitrty eon- 
sistH of a ttipfa<»pher and usaally two iiu.^n ^herein called '“eliiuoroeii"l who aet either 
as rliainmun or ds rodmeo. Monielimes only one chjkinmaji b* i mplojid, itnd the topi>g- 
rapher awts in ehainiii^r The etiulpiQi'nl rnnsasts of a k-v^lin|5 ml, a stoeJ or metaJlic 
Taix', a hnnd le^^eS or a elinometor, and usually a eross-ruled, wid<-|?ago sketehbnx^k or 
skolcfa bshiN-ls nioutiled on a iKmfd. ;^meiinU'S a Jacob's Ntalf or cthor real about S ft 
long iq upmI as a support for the hjimi leyeS or eiinoiTM'toj- while are bedng 

taken- 

The cnnlrtsl promts are iha 100-fl siationx of ihe transit tnivotsc; these points h&m 
Iwon nuirkk'<l oii the |^und by stakes, imd their efe vat ions have hcjon determined by 
prekle Ipvetiti^ and h.ave favn furnished to the lopikip-aphy party. 

Tlu' ^imd point-s are [Knots on n*lat.ividy short erui^linea tremsveree t.P the t rave™ 
line, as illustrateLl in Fig. 6^- They are* either contour points or more commonly poinis 
of ohanKi* in alopoi in llw.' latter cas^ the iutermHiato contour points are locaiH by 
intorpidatioti. 

Thi* party proceeds from station to qtatUui alociK the traverse. At each sTatiosi, tfao 
topi)p^phor not hies the chainmen of tlic elevation of the station- Tin* In-ad ehaintnnu 
csirrviikg t he rod moves out on a Itm? estimated e o Kit at right angles with the traverse iitm 
until the rod is on \U^ taist eontour (either highj-'r or lower) from tbi* slatioa. as deter¬ 
mined by the re*ar chainuijm t-mptoying the hand lvve\; Ehi* dislance out to the contour 
w thill rmasured with the tap-.*. The rear clunnxuaji then got*s out T.o the point occupied 
by the fod+ and thi* head clMinmnn again inovi'S out until the nest eontour is reached; 
and so ihe prot!.**^ n* nj[».'aterl unlii all cntiiour jskinta art* SocaE.i.ii out E-o the ed}p.' <kf thk' 
iH^ing qurv'cvedt A siimlar prexadtirej is followixl on the other side of the trekveRi<? 
line. Ui^unJlv ihe tre-iuls or direct ioEts of the ecuHoiini are* sketcht^d nt each croa^liTie and 
along ridgt* ami valley lira’s, but on the Quid shifts the contour Imcfi are not sketched 
for their full bngth. Defiiiile delaiU are^ locatcil with filiation to ihi* transii Jitw by tape 
nnasnreminLft. If tin- likpogmphy is regular, somytlinc* the Hketchiis an* omitted, and 
the dbremccs fre.iiu traverse to oontoui pdnis an* recorded numnncally, 

For relatively jamaH-scale imipfl, soiDefinuw I hi' clinimieUT 3a employlal to ileti-rmiu^^ 
thiH elevations k conLtolling pointa of rhorge in silopt* on Lb* crosslines by naigh iivdire-ct 
ti voling, and I he diatanecs^ are meiisurexl by paring. Thi’ nahthod is coiLsidcrahly fa-^ter 
likan that juFt draicribed for tbi* hand level mid tapi*. Viu[ w Ilwh 
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For EHirvc-VB or in flat (country whortf ihp fti-iitour intervnl in flniflll, usuiJ.ly 

I'lrvfttion? ilj^tiiniiifLL*d either by din-^t li^veiin^ with rhi^ enpneer's kvel or by iv^ 
flbeet ttucila feveliimr w"ith the tn&nfdt f>r planc^ table. 

If ihjt' ground cover in cUmliilv eitbur ihi- hand levid tir tlw rbiiotcLeler hu a definite 
Hd\'Bi]ta 4 ^' over llw imiuit or the k'wl, bwMLiRe hand-Si^vel uf ctinoroeter ^^ightj can be 
taken ibmugb inmLI openin[pc in the underbrush;, the ar«m is sarveyLtl in a series of over- 
bppinp; atrips. The mMiTnum h-oKtha of hand-Ievrl or elinonii’ter night# shouJd 
limited lo flixnjt lOOfi nmU if tb' rontouf interval is amall 1^2 ft or lo aboiit 50 ft. 

f’had^erftflofirf Mtthftdr Tb- checkerboard methcKl of iJi-Eail# ia Well arJapted 

for larip'-sirali' *llrveyBi^ an the p^ijnbf art! loeared in plan by tape meason’menL-*. 

The tniel va staki^d off Lido or n'clanglt'S—USUJilly GO- nr lOO-ft jiqUan'T^. The 

ground point# atid othi-r detailff an^ tb*n lueati-d with to the viv^on and cun- 

rk cting line*. Tb' usual priKvduri;* ]a finit lo run a mcronguliar iransii-tap! traverw- 
near the fH'^rinieter of the tract, with ijiet aE each station- The eiTDr nf 

elDsuie becomes apfMiifent in The field? if ibis bt grunttr than %he peimiwihle error the 
stakes are reset. The interior of the fiirun' b«undi*d by this rertangular traverttf- is then 
filk^tl la with atabv jk^I at the com^-r? of ihe lOO-fl lianas i each f^take Is marked usually 
wiih a letter and a nLinda-r indicating its pwisstioii w ith reaped to a pair of coordlante 
axes, a# illu-^trated in Fig. iS9, By direct levdiog, the ground clt^valEou at eaeh stake is 
determined. Sketch sheds art^ prepared, on which are shown thi- ekvadojis of the 
cotniTfl trf thi‘ pfinArwS- Thi' kicatinn of ground itn^Rnlafiiier or other details inside the 
is deterniinoil by nn-asureuients cither from adjacent coordinate polnta or fjtrni 
the siditfr of ihe irfmanrs. The elevation of such detaihj is dirlmained by use of tb.' haaid 
k^vid. The mnp vt coiiatrudlcd in the offits'- 

tf many irregular featun*# an.' lo fc>e mappKl, the plane table nuiy be used adtiinta^ 
geously. Btjfofv ihn plains table bt taken into tb' held, tb^ curftejTf uf Lhe nniiaiT# arc 
efltablbhed on the greuoil wilh iransit and tape, their cievaliOEL>« am dvt€>rTuini.d by direct 
krvvHiig, and the planr;-table shtTit U prcfiared showing thi' elE^vaticsrei uf ihtr ennu^ra of the 
sqiiarL> 5 . all ajt ^leaeiibcd earlier In lhL= article. Tb^ plane tabb is then avii up over the 
romerof a square and is nrientm:l by backsighting along ono of the contn4 linrsi marked 
by j=lakes. Directions to dutaiis insidt' the Kiuarns are dciem.iiEc?d «.snaJ]y with a pee|> 
sight aliElade, and diAtanei*s to these details arc di^termiiiivl usually by chaining either 
from ihe instrunn^m atalion or from a convenient eomnr or Jine. <)nly as many stations 
an' Lwcupitd by thf plane table as an' necessary lo ct>ver the ai\'a, 

Trocf-c&olrtMr Tho traev-contiiur nw'thffli sif k^priiing contour poLats: on tlk* 

ground is commonly used on large-srale jmryi'ya, and «i>metinii-H on intermediattsarair 
surveys w’herc tb' KTuund i# Im-gular. Under thtw? conditions, if vinibiJily sb good, tb' 
tracfc^-ctmlour moihorJ is mom rapid and more accurate than tb' checkerboard methcKl. 

Although tb? transit may he used in thi# work, I'ither alone or with thi' engisaefrt^a 
k'vel, tb' plane table is ctknimonly uaed, flfctm ihe plane tnhk' and the engiika^r's level 
an^ u!»ciJ togi'lher- fn this caw, lb- k'%>-lman *els up levrl at a convenk-nt loculion 
and dirvcts the rrMlman up or fJown ib^i «]op<' until a pi>int nn a ipvcn contour is beativi. 
This point if immediately wghteil by tb? plane-table man and is plotted on thi? plane- 
table sheet. The rocImAn thi-n movra to anothi'r contour point, usually on the fiomf: 
contour. The distanen^ from plant^^alik statiem to contour prdnt^ ait' im^asiintf by 
stadia; if rb- scaki is large, ik'flnjte objects may bilocalfNl by tapp'd dislaact'S. 

CONSTRUCTION SURVEYING 

Mathodfi- Sujrveyx for constrtictiun guni'mlly uivuK'e i l.i a topographic survey of thi* 
site, to lie u-wd in the pn'paration of pLaiis for the stmeiuce; (2) the i^tablishnuuit on the 
ground of a systera of atakns m otb'r nuirkei-s, fmth in plan and in ckn^atinn^ from which 
measiirriTiEmts of cfirthwntk and structuroB can b' lakon ftmvenienlly by the construiv 
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lion forrf-; i'3) llir Kivirii! of liiu- and jsnulc op twist'd to n.‘p]jt«! staJiti# diaturM 

by .. . to reorh juMitioniil point* on th(- aLnjttun! ilstlf; onH i 4 ) Lhi- nuiktiyj 

of Tni>it*un'mi'ni* niMS.'warj' tn verify tbo locilion of nimptiftrtl {urif of ihe .*Lrijriu™ 
Midi to Oidviminc ito- volume of work artuolly peffornntl up lo Ji giwn (fate (ii*uaUy 
eaeb inonihf. a* a baal*.of pn^TWol to the w>Eirnieh>r, In cciiiiu<etioii with oonatnjriion. 
often ii bi m-wviBarj' lo maki- piopfrty-litie aunri'ya a* a basis for ihw oequlritlon of litnd* 
or rishtji wti.y. . . x 

Thi- detaiM KkL-thfwJ^ im confftn^liQn nurvey^ vary with ihi' iypi% 

iotibtion, and siif of rtructun? and with tbi- prvfcrvnco of the piipnis:riiif! and coiwtruf^ 
tioti orKanications^ Murh cUspeml* on the ttij(triuiiy of the sur\'e>X»r lo thi; end that the 
rurmt infomiBliob u uivon without confu-iiou or lUTdlL-as effort. In the followinj para¬ 
graph* att (pvrn ratni" genonil na-ihod* applicable to all lypi'H of stnielun:*. 

Alignment. At the eomerv and along ih.' ridi-s of the stniclure, outride I be 

limjts of excavation ur probribli' cliaturimnce but dose enough to be contreniiuit, iraiwil 
atntiuna an- ael and widl tefeirnred. Permanent targyis nr ruark* eallcd niay 

be erected *« convenienl means of oriemitiE the tnuirit on the principal hnt* uf the 
structure and for righiiiiR along these lines by eye. filakea or markers an.- «'t on all 
inipoTtant linea in order lo mark elivirly the limit* of the work. 

In many eaneti, line and grade ore given nion- rouveniemly by mean* ol balU-r iauud* 
than by mean-s of staketi. A tsatter lM>aifd i* a Ixiartl -uaually I in. by 0 in.) naiied to two 
Hubiituiitial posle tuaually 2 in. by 4 in. i with the iHiartl hnriiotilal ami its top edRi' pn-f* 
enihlv either at giade OT at some whole uiunber of feet above or below fmde. Thi- 
utignm-iit i* fim-d by a nail drivY-n in thiT top eilge of the iHtani. Betwicen two surh 
batter boards B altajl COnl W win- is-«m'tchcd to define tbf line nhil grade, 

Oflen it is iinprarticahle to (ertahlisb pi-rnianent marker* on ihi- liim of the sinirtnrL-. 
In onrli cases the survey line is .-*tahll-.hed piiralk-l tu the slmctua- line, as claw? as 
pmelicnbli- and with the offsi't distance -•otne whule number of Fisit. 

Grade. A avstem »f bench marks Is eurnhlUhcd near the structure in convenient 
locations that will pttibahly not be siibject to disturbanw, Prom time to time ihoae 
Kmch marks should be chfcktvl against otii! anulhi-Jr to Lh-tert any disturbance. 

Thi- vnriniis graife* and ek-vstion* art- defined on ihi- ground bv tuiams of pi-gs ait(i,'or 
hatlt-r hoard*, a* a guide lo the workmen- The gnuh' jx-gs may or may not he the same 
as thi' stakes lued in giving line- liVhen staked an- U-sed. the vertical meMun-nwnts nwy 
he utken fn.m the fop of the slake, fnun a kn-t mart or a nail «m ihi: ride of the stoke, or 
(for esravutinnl from the ground aurfaco at the slake; in order lo avoid miriakes, only 
cine oF ituiw bases for nwaisurena'Ut should he 11*1^ for a given kind of wort. V' hi-n 
batter hoards are used, the vi-riicaJ measiui ment* are taken from the top edge of ihi- 

twsird, I* t - a ii. 

Ptadsion. Por purpose's of escavaiioii only, lo-ually ek'vaiions are gtwn to tbi< 

0.1 ft. For points on thi- struelnm, usually i-levations to 0.01 ft are sufficiently 
piwise. AlLgnmcni to ihi- nearest 0.01 ft wih wrvr the purposes of most c-onstruelnm. 
hut gn-ator pieeirion mav h? nspiinni fur pn-fahrieoted steel structures or nn-mlH-m. 

U ia derirabk- to give Jimenrious to ita- workmen in fwt. ineha. and futrlioin. of an 
inch- Dnimarilv meosun inents to tbi- nearest H or ^ in- are sufficiently pi^i«N but 
wrtain nf the ilieasuivraents for the eonslmetiun of buildings and hridges should be 

tu tht^ ncan^ <'in iiir * i. ^ *t. * 

EiiUblifihiiiE Pdiats hj Int-efscctioii- When' eomliliofiP at thi’ lupi* 

diffienlt or impnasibiL-, often point* an- nstahlhlad at the inletaectioil of two transit lines 
by simnltaoeDU-s sighting with two tnmsil* in ktinwn locationa. Ry thx» method points 
niav fa- located in elevation as Wt-ll a* in plan. 

aghwajs. GL-turmlly just prior to the beginning of mmslruetioo of h seeticin of 
lughway, the locmU-d lin.- i* rerun, mimsing -stakes are replaced, and hiilis are referi-iicied. 
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Borrow pit^ (if neoeswirj' ' arp flaked out and rrtwwMfCtioiHsl, Unes^ iind an- 

^iakud out for bridij^-g, iralvpfta, anil otbi^f Blrucluit^. If rio|«.- ptukeB hA%T not aln-ndy 
bopu Set durmg tbe location Fijnryy, tbiiy am Set t-xcL-pt whi'it: clpikhojf 16 nt-cwisiftiy"; in 
that caa* they are eel wbrn t lie right of way ban been elcurcd. For ptirp*weg of clenrtiig, 
only rtRigh measuremenls from the conlor-lkip utaki.'H are beei-Asary. Addifional nlupe 
Htakr^ may bo ofifaet a uriEfomi db^tann' away fniin ibi- work, with appropriate niarkioit 
to iniltcato the offfft. If intercepting diteh^ are to Im! placid along the euta, thrao are 
irtaked otlt ako. 

Whi^n' the depth of cut* and hH*' dtsec not aVemgu tnOle than af>oUt 3 ft, tlir i^lope 
}rtake 5 mav be OEuitUsl; In thbi cane thi^ |iiu* and grade for itaKhw^ork may^ be indfeatiai by 
a line of pi^ ^with guaird fitakeR i alon^ one idJe of I hi' Ttfw.] and olfi^'t a utiifo-rm diatanoit 
i^uck that (hi-y wdll not bc' dipiurb«l by f he grading operations. Pi'gs aie usual Ij' plated 
sm both sideiS of t he road at mrvofi, and may be ho phLCid oEi tangents i w'hen this is done, 
nu^aaiin^foent^t for grading purpcwsiw may la* taken eont'entently by sigfiting across Ehu 
two | 3 eg? or by fftrtEphiiig a line or tapet between them. 

When rough grading Iw^n completed, a fine of fttuBbing stakes Ls set on both sidi*# 
of the roadway at tbr^ edge of the i^houlder, as a guide in I rimming I He slopes. For flils, 
it should be under^cM td whet law tbeai-' include any allowanw' for FthttJement, or wHi'llh*r 
they represent the final |paih>. 

To pve line and grade for the pa^‘eInent^ a line of stakes set along each side, offisL't 
a uniform distance Eu-nially* 2 ft I from the edge of the jiavenu-ntr The gmde of the tup 
of tla^ pa%T.'inent, at the cdgi', IS imlicali'd idtlier by tbi' top of the sEake or by a fiail ur 
line nn the side of thu stake. Thi: alignment I** iialiraced on on-- ^kk' of kH: roadway onJy% 
by mefljLfl of a tuck m the lop of each stake- For nmercto highw ays. pegs niny be ser Mt 
that the side forms ttuiy lie plafl-tl liin-eily upon thj*ni^ and a lim* of siakes set near one 
edgi‘ to ^te lifii* for tlu- forms. Ha- dtstance l>itwxs.m slakes in a givim lint- Sa usually 
] no or 30 Ft on Eangents at uniform Ewle and lialF thi* ni>rmal dLstanci' im hori^oiital or 
vert 14^ eurvi?s. The dinn^nsiiNns of the hnishiKl subgruii* and of ihi* ftninked pavcnient 
am choked by the ef^nat^let^o^ inHjwctor, usuaJly by iru'aai of a template, 

StreetSn For atm^i ennstnidion the pttM?L'dLire of Bur^t*yifig b similar to thal jusl 
deHerilasJ for bighwa>n- fJrdiruirily thi" curb is built first. The line and grade for tike 
top of each curb are indiraUal by pegs driven jusl nutslde The curb line, itsually at iSO-fi 
inter^^als, THe graiie for the wlgi' of tlur pavement Is then niarki'd on the face of the 
completed curb; or for a eombined curb and gutter it is mdleat^d by iHe citmpletE!^] 
gutter, Gmumjj peg? are set on the cenler tine of the ikavemunt, either at tlu* grade of 
the fintsHcd smhgnide or with the cut or filt indicated on thi? or on an adjacent stake. 
WHi=^re the stri'eL is wide, an iniermedUtto mw of peg]» may Ike m-t bslWf^m center line 
find each curb. It is usunVI y wwary to rerq^l t hi- ja-gs after t be sT teel Ls gnurUxI, W hk: re 
driving simkes is impTactiml Iseeauso of hard or pavi^tl gruund, uaik or spikes may la- 
dri%'en or marks may be t'ul or pednii'd on tkp surface. 

Ruilroftda. Prior tn consl.metiork the hjeuEed line is ramn, missing «latia are replaced, 
hub*^ Bie referenced^ lairrow piEs an- staked iiul, sLop<- stake’s are and lines and Knwk'S 
For structures are ertahlished on ibe ground. Whi-n rough gnu ling is compleUai. hni^^hing 
fftakc^ are flot to graJi* at the nute? edges nf ibt? roadbed. 

When tkti roadlHd has been gnbl>ffh alignment is eslabliH|vH:l preeisely by iwtting 
lacked st-ELkcA abmg tho center bm' al full siations on tatkgt'nln and usually at fractional 
stationii on hohKontaJ nnd vertical curves. Irtpiral curves are Flaked out at iliw linw. 
An addJtionsj line of he set. on on*' nide of iHe track and perhaps 3 fl from tln^ prxk- 
fiosed line of like rail, with the lop of the peg n.«maily at Ebe ehivation of the top of tke 
mil. Track b ustially laid on the subgnide arid i* lifud Into position after the balUst 
haa been dumped- 
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wiih elikee or otlii.-r truirkn st-t u^imJKy ut SO^ft itil^rvHlp vhi ti- th« gratis- u umfonufind 
jisf olffiM' jw 10 ft on vi’rtiR&t ru^Vl'^*. M offc fSilt- of Eliis^ lim*. juRt fur onougb fitmi it to 
proTOftt being distuftn'd hy ib*? uKmviktiorL, n p^raOd lino of grouiui PL'Kh A gxiard 

atAki- ij driven bcHsdo e&ch p^.j^ with I he Mdo to thi‘ on iHo jfide of the i^uitEtj fitxtke 
farthi^it from llio liiip ifi nijirLetl tbi' t'tiilion tnimber nnd ofTrt-'th rR'arw?t 

tUr lino Lh miirkthJ the em i:t« the tieare«>t in.), 

^Mieo the trench Ims bN-fen exeavatod, batter boAidtv are iset acrosa the treneh at tbe 
intorvaLs nwd for ^tationing^ The top of tlu' board in mX at a flxwi trhole nomfjer of feetr 
alkove the euwer invurt tinjiidLv florffice of but tom tif w^wer)' and a mttaaurmg atiek of the 
tianv' lenifth b pn^paied. a nail b driven in the top inlgk^ of earh balttT board to defijie 
the Ujw- A:i the «Mffer U fH.diiR bid, a eord b stretrhwl tbhtly betwi^-n these naib, ajid 
Xh*} end of cairh tilL* at the proper dbtaFtce ii^-low the [?ord a^ determined by 

Iiv^afuring with the stick. If tho trrneh b to bo exca%'ftt€-d by hand, the side peg^ may be 
omitted and tho batter Ijounb wt at the beginning of t?xcavalion. 

For pipi.diru‘*?, tiu‘ proct-dure b aitnibr to thal for sewers, hut the Interval between 
tjnujfi pegp ur batter fioarils may be greater, and l(«a enn- need be taJeen to lay the pii^r 
at the e3wct grade. 

Tumiels- For a Jihi>r( tmimjl, a Imverse ami a line of leveb are nin twi-tweon ibe ter- 
mirwl pointit; and the loq^b. dirceliun, aiui gr^tk'- of ihe eonneesing liia^ are computed, 
A i'oordinatf' jsystein b j^rtieularEy appropriate for timneb Tvork. Outfiidi; the tunneb 
on the penter line at both omb, iternifljw'nt n>oFiL|EiiE.'iits an'- ei:iabiii?^heJ- A.r- imnstruction- 
proceectf*, the line at either end b given by set ling ap at the permaiit'ni munument out¬ 
side the pckrlai, taking a sight at a fixed pnint on ljia% and tln-^n setting pdinl# aJang the 
tunnel, usually in the roof. Grade b given by diix^t levels taken to poiata in either the 
rwf or the Hoor, and dialanees an? ntetii^ured from the pt^nmnent monuinonu« to slatioits 
along the tunnel. If the eun^^y line is an the fioor of the tunnob it ts twmUly olf?»et from 
the center line to a Jocatjon relatively frw from traffic and dbturbiuicej froni this line a 
rough temporary' line ia as d€^ik1 by the const ruction forw- The dimensioa'^ of 

the tunnel nre usually cheeked by mmv form of lemphite transverse to the liiw oF the 
tunnel but nuiy be cheeked by dlrtHit nM-affimTiieiil with the tape. 

Bridge Sites- Normal|y the lonttiou survey will provide sufCdient mfunnation for 
ujv in th*:- design of euivorts and smaJl bridsfwi^; hm for Jong bridge and for g^ad^!- 
s^'iparatlon stmetuR-s Ufluahy ^ jfpeciuJ topngniphie jqirvoy of the site b necessary. Thi^ 
wto map should show all t in- data of the lixallon survey, including the line and gnule of 
the nimiway aiiiJ the marking and reft-fencing of all survt'y statlonSr The usual map 
iicale hi I in. • 100 fi, and the usual oonlour intert'al b 5 ft on fUvp slopisi nnd 2 ft over 
fiat an^. 

11*1! pR^iuiiJiary ni-port sajbmittetJ with the site nu*p should gji'^* availabk* infnrnm- 
liun ut?ett«sary for econonde di?ilgnK such as (ht' chiwarcvr of the wali^rehed aJid eIm! sli^m 
la-d, the ekvaltLin ^.^f the highest wate^^ and the rhameter of the foUudalJuu. For a 
graik-^acparation structure, thi* R'Ciuiretl infommtioji is similar exce|5t thikt it relates lo 
the intersecting jMwiway and ita tmlfir instead uf the intersecting stream and ita flow. 
Phot^>graphs arc useful adjuncts Eo the repr^E. 

Bridget. For a short bridge with no offshon? pien^. first the center line of the roadway 
b e!dalilbhts|, t!ie stAtkTung of soim* Ruvt'iiiing hnc ecueh iss ihi' ahutotent face b ei- 
lablishw! OB the Eocaicd ILne, and the angle of inleweciion of ihv fa«' with the located 
line b t.umeil off, Tlib gr»veriniig erCK5*stine may br estafiHshixl by two well-iefihrencixl 
traiL^it statiurui^ at wu?h end uf the ertwslini? fcieyoad the limits of excavation or, if the face 
of the abulment b io the sireaui, by a similar transit lim* oETect on the shore. &?imilar]y, 
governing lines for each of the mng walls are r^bdilbhed on shore U-iyoEKi I he limttff 
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qf with lw«>lraiD4it ^latiarv^ on lll^■ liw^ prdonisDd at oho, of prrforably ^POth^ 

(Midfl of thy wihf;-wmtl Ithr. Ff the: faces are hatti'n^l, uifuaJly otai lino ia iwlaliSijLl;H*tl For 
the hotlom of batter atid anotJu^r for the top. are w't an a euMp to the eseava- 

lion and are repInrtNi ^ Whi-ii thts fouDclatlnn ranorete w cast^ line i? given 

an tbi' footing for the hc'Cluik of foriiu' ani then by ^ghting with the transit for the top 
of tbtf formif. An the Biructtije ta byill up, graiJui are earned up by leveling, tinth mfirkri 
on the fortofl or on the harihituxJ portioud of the conrrete. Also, the aljimnc-Qt U es- 
tabtbihjod on completed port inns of t t^ructure. The data are recorded in deld books 
kept ^>vfpiMrLaJly for thc^ Btnictunp, prinei|HJly by nu^aiLi uf f^ketehtw. 

For lop^ /Lgbtd or for work of high ph^hiiun, ^ In the eaiw< of uffdioie piers, vatiou* 
ImnsU siadotis aje eslahlishe^i on shore by a syBlem of IriungubtloiL, such t hat favorable 
jntereeclion augles anci checke will be obtairKd for all r«trts of iHe work^ To establish 
the oFfshore pierv^ dmtdtfiiieous sight^^ are tnki»n fmm the onthi of a line of known 
length. 

Whrt^re rnffordamis ate uscd^ reference points are estflbliHbH:l on tbi* cofferdani!^ for 
CEtrasiireCDcntff to ihii pier. 

When the stnJotiUe has been completed^ permanent survey points an? i9tHhliKhe<i 
and referenced for u*' in future surveys to delermim? the direction and extent of nny 
movctm.'fit. 

Ctilvcm, At the interseetion of the center line of the culvert with tht' located lintn 
the angle of interseefion s turned ami a survey line dehoing the direction of the cul¬ 
vert ia projected For a short distance beyond its ends and in well referencwJr At (or ofFret 
frenO each end of the culvert^ a lint defining ih- face i? turned off and referenmJ. Ff 
esravation is necessary for the channel to and Frf^m ih- culvort+ it i* staked out in a 
manntrr similar tc» thitt For a roadway cut. Bench marks- ate established nearby, and 
pegs are set for convenk^t tevrliui; tn the culvert. June and grwle are given an rei4uim:l 
F-or this partieukr type td structure. 

Building Sites^ In the pn-purution of his plans for a huililing, the architeel requires n. 
lacgc^ale map of the site to show the inFormation TKCc«M,ry to the proper Ineatien of thi' 
buildirix both in plan and in ►^levation. J^uch mapft an- usually drawn to the scale of 
3 in- ^ JO fl or I in ■» 20 fl. 

The party confiisfcn of an instmiuentman and om? nr two ^hainmen^ and the equipruont 
includEts that oF a transit party. Becau^K of the largi* number oF elevations to bo diiTcr- 
mined, frequently an euguiDor's level w also usetl, The nnles may be kept in a transit or 
t-opogFaphy nob'book; ora aketch bmrd may be iifvd to gcKnl iMivjLntagev 

First thu lot comerw atf located, and permanent markers are set at thew pointH;. Tbtm, 
property line* beinj; uiwd as reference lines, all obfeebi are located, usually by tnptj: 
meeu^ureuarnts only, the iEistrumentman reeoriling thi' <lata and drawing such sketehr* 
as an.' tsnresaary. On oitensive siten^ or a'bere it h not convenient for the chainnum to 
lorale ubjectsi by roc»rdiiiate measurements, tmnait angles and taped dtslfttiaw may be 
umnL 

Thii detaiis i^Koutd be shfvwn ami denrribed as follows: lot corni'ra, rfitatc kmd; property 
liiKw, give dimensioiM and thi' dlsiarices From the wuHis; ffire<'t lines, show wjdthfi; side- 
walkj:-^ and drives, give kind arwl widiK'a: pavomimts, jji^T? kind atul wiiiths^ icas and water 
mHJTks, state siase and show exact Inaction; pumhah^s and stfsrm and saninary' M^wi^rs, give 
siw and kind of pipe; tnirs, state kind and si its oF nU kimlHl Fire hydrants; and 
existing structure-* im or rw'ar thA* sice, state mareriak oF coiurtmclion. Also, give the 
cluvatiuna of JnviiKs of St^Wl'r outk-^ta Frc^tn nuiEihnliv amt the gradients uF (he SewerH; tfh’ 
foforence bench mru-k^ with liotwriptiHiL; points along the sidwaik*, curiis, and lot lint's 
at intervals at 50 Fe^ uid ground points at the corni-rs nf 50-ft nriuards. Thi’ ehwatinm> 
oF the wwer tn^-urts, nfiewalks, atnJ curbs should lie taken lo bundre<hhs, ami all gmuml 
points to tenths, oF & Foot^ aJifio contour line* are sh-uwn if the ground is imtifuEar. 
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Thr map nhnulil ^vn'- the k*|^l clEfi<4*rjptimi of thr lm£-f afiU thi* uthi^i' infunnatinn 
ordinarily Ah-uun pjII tlk" plot uf an Urlwti land ^^urVL^y. 

Buitdinj^a. At t1ii> kif>^titiiiiK ipf nJtimvaiiun tlit^ nf bulMmj^ cut marked 

hy which will tif mtlrae bf- Icwt a# f^acaValloti pmo'C'flA. Sighllng; Un<^ ax^e e?»- 

tahlii^h<^ anil n'fi'nmcvcl on I'aeh lyiitrtidi^ huiSility; liiip and Liru* of cftliimnji, pmferahly on 
the etnU-r lirw nf wall cif nciLnmn. A batl#*r liuiLrd i* r^i^t aE each end of itarh outride 
buitding line, abmit 3 fl nut^side iHe n^i^vncion. Tf sbi^ irounej p£>nniTA, ihi' tops of all 
bonnifi are W'l al the aamo eli'vationt in Einy invent iKf hoards si oppoait^' endfl of a 
line (or poriion thiwifi am af the wnv' tilipuiitinn so ihai Lht' cord rtlrEstebnl fH^tw'et^ii 
ibtJtn will I'fS level. The t'levationA arff ch(M=en at some whiPle nnmtk-r of afcjovo the 
liuDtloin of lht 2 excavation. When the Imard hae bR?n naih«l en the a nail U driwn 
in the top edffL- of I hi' hmrd on the hdlLiine line, which iiiven by the tntmit, Car- 
jienlet's Htiw Attftchi'il Jtetwi'en oppoidle hatter boanlA ili^hiH* hath llw line and tie 
Kradi'. If tht* *paee ar^mnd ibt’ building obHinided wi that batti-r hoards i^annot Ijc 
net, ottkjr ipf marking the line and grade am (nlb*litHt^‘^^ to meet the requirenLents 

of the !*iliiBlion. 

Wbm eaeavatioEi bi eoofipitMetl, gmdea for ooliuno ajnl wall fixitingfi aix‘ gi^'en by 
p^emid pi'Kis^ driven to the ek'vat ion of either thi' lop of the Footing or Lhf^ top of the 
floor. IJiy* for footings are giwn fsy baiter bcwrcin in ik' boi tom of the excavation. 
Column fuaw#! and wall plate# are set to grade dirrctly hy the levelrr- The position of 
each column or wall in marki-d in MJvann^ on tk' fooring^ and when a nmemto form^ a 
ptwl nw^mher, or a cotir#e of nuiaonTy Kuw been plaoeci on ihi' Footing, alignment, 
and grade an* riH^rked directly. 

In i^tting the form for a coneiete wall, tk' bottom b aJignod and Ejccd in pkco before 
thi- tup is aligmocL 

^imilftrlvt at each floor kve! ik." (p.m'rning lintw and grade ate act atid chi'cktsk except 
that for prvfabricai ed #tet4 framing thf^ ?:tmctnn' ae a whole Is pltitnbefl hy im^iina nf thi^ 
tramdt at ewry ew.'coiid or t bird RturTt’’ kwL 

Thrmighoiit th*i cuti-lruction of Urge bniklinKB, eek-eted key points aif chiTk'd by 
of ptmtehed w^itw, plumb linefi, trmnrit, or levcL 

Dam®. Prior t o I he dL'sign of a daniK a topcigraphie inirvey i# made to dotennine i be 
F«^hillty iif ik^ pitjjeel, the ftpprnoflmaic riie of tbe rirtitTVJiar, and tk' optimuiii location 
arid height of thi^ darn. To pm vide informal Eon for the lieidgn^ n topographic Atirvcy 
of the rite IB maiJe. Extenrix'o soundingF nud irorlng# are mado^ and topography ia taken 
in detail jrufficient to debue not orily the dam. iti^etf but aiwi ihc appurtenant structures^ 
m'Ti'ftnary coiihI ruction pknl, roads, and pt rhaps a ij-rant^h railrioaid. A property4ini- 
rtino'y in marie of tbo area to k‘ cnxtut'd by+ or diriTlly affech'd by, the pmposMJ res- 
ervoLr. 

Prior to const met ioTi^ a number of transit atotiorw^ sighting p<nr]Ls, and bench nmrka 
an? jw^ntumi'Qtly esiftblished and rcfenuiced u|sftream and downiiln™i fFum ihe dam, 
at advantageous Itwationa and i^kvatiotis for righting on the various partfl of thi' rirur^ 
lure as work proftvctff- Thi^nc! n'fefi'Jico polnbit are ii.‘'uaEly esiabitshctl by Iriiingulation 
from a mi-asured Ixase line on orat side of ik? valley, and alt points am rciferred to a 
sj'stem of metangutar eoanclinates, krth in plan ami in elevation. To esLabtish the 
horiiontol tncaiion of a poaiil on the tiam, as for the purpe*? of setting concrete furmii 
or chT cheeking the aMgriment of ihs dam, rimultaneous sights are taken from two transits 
apt up at mierenee iftation#, each tran-rit being sighted in a dineelioti previously compnled 
ham the coordinatetf uf the refervnee atation and i>f ihi- prtint to be eiitahlti«hed. Ttbe 
ckvatbn of the paint is usually efllablished by direct leveling. Hawever^ it may be 
LtHtahtisherl by sotting off on ohR for^ as a rboi:^, birth) of thi? trarwita the compuled 
veriical angle, the height of instrument being known. 

A traverse is run around tk- Ettservoir, nlKsw thi^ propoocHi Hhore tine, and nvnnumi-ulB 
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are wt tor in. ttinnirlkiti with pnapirrty-ltni- punv^yn wnd fnr fultim Simi- 

krly, ht nch Eowrka an? I'^itahlisluii al points abow tht^ shi>n‘^ Situ'. 

Aircraft Jtga, In iKi' tiuinufai-tiiin? of aircraft it is niHPt'#wary to f-mploy very Ittntf 
jijts which ftjts held to i^itfcmcly clows tok'tifcJictTft of mfftfliin'mi'nt. It Is difficult and 
time-rorunjuking to olipi m^h larg*" irtnicltijal a^^mhlit^ by of ihc^ pliuiib lini** 

jmd j^rptchcd wires which an* ufed for rtumlk-r jigs; thoi^'fons th^c^ aligcintcnt is *KFti'ii 
aocomple^Mi by sighting with suiwt^yinjE instrimjents. Horizontal alijpwML^nt {elevation S 
is csrtahlwbcd usually by dirocl lovTiing with tbi' onginrorV h^i^i or with thi^ tch w^ijir 
Itv^tt of tho transit; and in>rtical alignment by of tlu- trarusii tokwufw, with tius him- 
xontaS awis carufnlly levrifed- The special icchnifiut's rwiuiiTTil am SaritL-ly in the field of 
tool LTipniJi-rinK. A ipeciaJ form of the tnmBit, callwl h '1ij( co3liitiator;' has been 
ifevolopod for in tht* work. 

MlrfE AJTI> MINERAl-LAITD StmVEYTNG 

Undar^oimd Surreyine. iJistioctive features of undergnnjiid Jfun'ejin 45 are that 
PlAtions an' UMmlly In the ronf Instead of the floor; the obirct to be sighted and the trim 
hairs of the lekaeope mii-st Ijc illumlnaled; distances an- oiitially nirasureil on tlu‘ ^]ope- 
either ibe Itaitsil tripod lias adjustable h-gj- or a trivtit in useti] and often an aut^iltary 
leleficope is attaehiHd (o tbi' imrtsit, eithitr at one end of the horiuontal axis or above the 
main teltfletipc. with iW liiii' of sight of the auxiliary' telciwope pamhel to that of the 
main telenerkpe. 

Hori;rnntal and vertical distances are eumputed from distanet'S and vertical 

angh^. The transit is ft^t tip at one K-tatioti, la4ng « ntensd by plumbing, and the vertical 
distance from ?(tation to horiznntaJ axis of transit is measunMi- A pfumb Iwb is hung 
at the rvi?st station, with a pmiit on the pluEuli line marked by tHjmt' form of clamping 
laiTget, Thi^ vertical angU* (o the point so marked is mrasunMi, and the distance from 
horironial axis to tarjpst ia taped. Tb^^ Lrtmslt should be In excdlunt Adjustment and 
ctirt^fully leveled. 

The offset of ft side Auxiliary teltwopi^ require# a ci>rn?ctioEi to observed hori^ntal 
Jinglt#. ftnti thf ckfFset of a lop fiuxiliftjy' telescope requin^s a coro'ct ion to observed verti¬ 
cal angles. The proctyss of compuiiint the correct angfe from the observinl angle is called 
ndu^ofi to cffi/cr fucc also p. I -431- 

Conneelions bctwt'eti surface and underground surveys requin.' Ho special tUL-thods 
un3j#£> the tunnel is simply inclined. Diit'Clion cun be pfajetled deWMi a vertical shafi 
by nn^is of two plumb Jim*# su.MjirudL'nl in the shafts ns far apart as practicuhle. In the 
case uf a shallow and widolmfb it is po«db3e to jiet two rcLaltotis at llh^ boltoin 

of ttui sliafl from a tfarkrit up at the surface. If possible, the survey should Ih’ carriL*d 
into At least two ofArnin^ and closc'd within the mine. If thete an^ two Vertical shafts, 
A single plumb hue may be wik nded In cnch phafl, and surface and underground tra- 
vernew run Ijc^iwet'ii the plumb line#. 

In a vertical shaft, <lifFi‘n.'hiit.‘e in idevTttion aru best uii^asLlted by mi'alm of tile st^'e! 
tape. 

MLasrubland Surveying. Urdinarily owm'isliip of land ittiplk>s i>wm-rslilp wilhin 
wriifat plaiywthrough ihe iKHimiaiicih. flowevtT, in order to > iirtkurnge the developnient 
of mining, the Uidied i^latt-^ gnvKJrnnn'nt has pam'tf Liiws nullifying in cirrtaln casi-i- Hu- 
usual nib! nf verti^-fti plane# euui specifying the rtLaiiner in which the pccHoii discovering ft 
uimerid vein ur loch^ on government laud may acquire title to tin* vein itnd thereby prohi 
hv his lifcsofjverv. It S# provided that a mining rlnlm ctf maximum dimi'itHiotw 

ntriv be located «n thi- siirfact', and ibal aft^^r certain rtK|qin-mi'n(u di*sigruK| lo pru\^' 
till- serious inSent of the elaiEUsJll have Ije^n satiafikid, tho Uni[?'d StAt<^s govi'mnuUiT. 
will give the clftimAiit a patent eafrying r chw titk lo the land clainu'd, this title carry¬ 
ing owncrehip of the vein beneath. 
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Thu FtKl<ur&1i njpaijni^ i^lh lurJu clhimn hiywd ij|iod iht;! r4>fic;vpt itf & n^lsitivi'lY 
ihiti Vn'in or lodu, limited belwwfl jqirfftrt* itmt lu^' PK^mri^ly pkni'. ArcOnhn); t* tbf 
UtWp thd* cltLkd la ti> Ijc- loeatod aloog ttu* oiitrrop of iher v-pin (itj; intontrctlop wilh tho 
lpT>unJ tiiirfAiTi:*} tind hn to a ni&ximuin kp|^h nF l,50l> ft airui to 4 niA^ciiiium width 

fiF flOD fir Any ntaU- may by taw reduce, but not inrmwf, tbf«i.^ ilinn^nMoEfl. Thu out- 
trop inu!i 1 tin* <?nd Uiu^ bill not the nidu linwr 

Thu owncn^hip of b prnpfE'rly localudl lodi:^ eLaim carritri^ with it ownur^hip of tbo vi'in 
aii>'Y^"hpn^ bctwwn vurf ioil pLHJifsi thniui^ ihi* und lini^. Till# holds uvuii thou^ fhi* 
inoliiialiuii of ihE" vtiLn from th*? vn^rtipfil uarrius thu ^*€>Eii ujidc.>^duiid bc^yoiid thu aidu 
lim** of dlaim. Thu cfleft of this Is to iTHKlify Ihi* iLfUaJ fulu of l>oaJlidihj< Vuftiual 
ptfineSp thi? nwiMjr of tho claJoi on. the i>utor*3p owns thi^ \Vm uvon if it inyOEid h 

vorticflJ pLanu thimich uilbuf of the Hide lim*? of Yd? riaiiR- 

Tht! Olid line# of tbi'! plaim wuhI bu paxalk-l j*trflighE v^-mi tb* lunRlb of t|u* clnjm 
niiL-l be mt'aBured oJong ihe winter line of the claim. Except a*? limited nixive, the claim 
may he of any shape. 

tn Idvatiiig a mining elaim to ^eciirc the miLxiinuni dimciudune and area iU lowed by 
law, the: following proet-dinv in 

When the maximum allowable k-ngth of tbu center liiw of a claim \fi fixed^ this line i^^ 
w locale<J tifl to follow the outcrop doH*]y wdth aa few breaks as pmeticable. Dcfk^ction 
angles arc rwl at breaks ki the center lino> after hubs an^ L^ahlLshud at these points 
and rtt the two eiidn ciF th? lint.\ Thi- foim oF the various seipiient? of the oenter line 
»'liuulsl tw e<|uai to the maximtim allow^aJjle k-ngih of llui claim 1.500 ft)^ The trunskt 
is Set tip at one end of the ccntiT line, the propiT HOgle u tumisJ from the center line, and 
the Comers are sei at the two emis of the end line. A similar prcNtedurt is followed at 
I he cilhor end of tbi^ claim arwl at breaks tm the nmter Unu. The direction and kngth 
Elf mch line of the tiavvrv^ Ijownding the claim am mmputod. Then aa a eheek on the 
location, a travens? is mil through the points forminj? the bouruJarit^ i^uch care in the 
kication aum^v is nut a kigal rcquiicmiMit, bul it h dt-pimhle fmm the |3otnt of view' of the 
kwatoT. 

Thf! Itjcation puiwey may Ik- made by the rlaimtuit or hy jmiruHine emplu^X'd by him. 
The EtlbI ^nirvey for patent must be made by a UniUKl States mitwrat mjnicyor, Mim- 
iiiijsioned by the UnJtotf States to do that work. 

HTBROGRAPmC SURVEYING 

Puqiose. tlydroifraphk survc.v^s are tbOfil^ which arc nwule in relation to any con- 
fliikinibk' body of water sur:h as a haVp harbor, lake, or river. These snn'e^nn arc maile 
For the puqawea of (1) determination of chamail di ptiw for navigation; (2) del ermi nation 
of quMititii's of aubaqutH:HJ!i l•xcav^llion: (3^) location of rocks, sand tmrH^ lights, mid 
huoyp for navigation purpoPt^: and {41 nieamlomwfil of anyif subject tu scour or silting, 
In the cam- of riv^'m, surveys ao^ maile for HckhI rotitrol, power dcvefopmenlp nAvigation^ 
winter supply, and water jrtorage. 

ConErol. Since a certain amount of shore beat ion is includai: in most, hydrographic 
surve^Ti^ a nngle etsnlfol wirvey is located on 5'hun.^ to ft.‘r%c tnoth for sEuindinigs bikI for 
shoic* detailsr 

As in toptjgraphic sarve\ing. tkt' horizontal coiitrot of eunnrrtiNi lint's whoAz 

aEimulhs and U ngtlis liave bt'cn ik-tormlned- The control may ho i^taJilLshiTd either by 
traversing or by triangulaiion oF app^opriati^ priwisioii. f^ng narrow hilet.s or rivers 
arc uaually survi^vifd from a jdngle traver^w on .^hore. Where the shore line is obseim-d 
by woods, H sywtcni of triftngubtion is uawL Thu rontrol fi>r largv laki's and ckx an shore 
lirws consistF of a network of triangk^ on shore. 

A cliain of b iich marks » ef^lablishi'tl to .‘tone as a vurtical rontrnl, Tbeat'- twnch 
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morkn Alt’ Mi-Jtr shon' \ltw amJ wt> kw!iitt=d nt rit^^uptit iiitervalfi m ihn^ rakh^ may W 
pel 

Mwt hvilrc^niphic sun’eyn' rwitiirif the t^HKtbn of alt irti!^liiritiefl in t'how line, nJI 
prcnniTvnt fcfitiifi.** of lopwtprflpliy anii eiilluiv, nmJ aJi Ujghilittitii*!*, buoy's^ etc.+ in order 
thftt thtw poitiift nwy be u^'d for fi^feri^nee in imundin^ n^oric. 

Sousdiags. The detemuniiticin of ibe relief of ttui bcniom of a body of water U made 
by aoundin^. TIm! depth, of the soimding in wfejwJ to wRier level at the time it L-i 
Diade, fuid taler bi eometed to the datum water level ihrmmh i hif m? of rtmiLLoK^. 
Before the cvnvcUid ifiurtdin|;?3 ran be plotted on tbt> map rHt'ir hasitiDi] w^ith nderi'nce 
to the shore travonh' ia delerrair^ed Ijv oim^ of the folli»wing ™iSwMjr: 

L By taking tsoatidEogs on a known line and reading one anRle eithi^r from a 

iMuat or from a fiKed poinl on sht^re. 

2. Ey mwfng at a uniform lato aJong a knowrii ranpt: lira* and takitiK aoundii^ at 
equiJ iatervab tif time. 

3. By taking Fuiifidings from » bent at the intersectiona of kpnwti ran#!:!? Ebm. 

4. By readiTtg two angle# Rim«Uaiii?oiwlv from two fivd polnla an rthowr, l.p,, by 
inlenwetlDn. 

5. By radiation with trarkrit and ataiik. 

G. By taking aoundirgF at known di#taDref> along a win? stmlehed between ata- 
tiofiA. 

7. By readluR two angli?# from a boat to three fixed point* on shore, by means of a 
^’Ktant. 

8. By reading; a din-ction ami a vt'rtical angle simultaneounly f rom an devaied point 
on shore. 

When^ eurmtil velociliw nrs' low, soiinditigs are jrLa4;le with rndn up InflepthF of perhaps 
IG ft. For gnrator depths^ nonstnilcSiLng lines and weigbtf* of 3 to 25 ih are usab Sn far 
ns possibk-, noimdiiigf nre taken without stopping the b^wt, Semndingn may he taken 
through hole* boreal in l bn ice- EliMT-tronie mi'lhmis of sounding and nf locaiing pounding 
are uped nn Kttcuidve Fnrvnya. 

Before fioiuitliiigs are plottod, ihi’V are reduretl lo datnin by BubtrairtinK |■algeb^aically> 
from the puiuiding the eom?#pondlng gnge com’etion. If eortnetinns am neceapary' for 
wind, rmteiit. or errun<Nm.‘f li^ngth of sounding linp, t-hey an? maxie at thii timn. 

Map- A hydmgniphle map should show Ihii daUim. high ami low WaU^r linrs, ffoumJ- 
LngJ?^ lines of equid depth intetpalated suunflings, and laud and w^ator ftifutures in¬ 
dicated by eonvoTitional slgriS. The methocL'i iwl in plotting thi- sounding^i ftre the in¬ 
vert nf iL- field nn’thnds itrcd in locating the aoundinpp’:. Inge^nuitis nw'thmU of plotting 
incliitde thi^ UM' of tw-o polar pn.it ractora, two tatagi?nt pmsnietom, a ihmf’-armed pro- 
traetar, a tfaring-eloth rm^hod stmilarto ihat U)*ed for rerseetbn fp. l-5fi)+ and prepared 
plotting chnris covering the working arra- 

Volumcfr. If dredg?"*! material w to W frn^asure'il in plate. liNTUodlrigs on a fi^id wtion 
an? taken th^ore and after drtdgiiiE, tuid thet chan^^ In cross sect Eon is dotermineiJ either 
by conit^utation or tlirenigh thi- uw' of the planinaeler; voEiuul'S nr?’ then computed a# 
df'srrihfd in fibetioo 2. Excavated mntcHal in seow# i# ineciaiJirFTl by rimnge in dwplflec- 
mniit during the kiaLling, by raparity of scow ^lockets, or by mpasammpnt of the di- 
nu'fLdOTtS of ihi' pite depoidl^‘r| on the tirek. 

The eaparity of existing lakw or rei*e^rvnirp w measured by mitnrLS <}f either enniours 
or crows secMona. Usually- the voluttw is exiwi^-weti in aere-fct^t, 1 acrc-fT being 43,5fin 
eu ft . 

Show Surveys. In areas which for their wati’r jmpply tiepend to a eoi]sid[>rab]e degrvr* 
on melted snow from mnuntainous regions, i^riow snire'eyp are made annuBlly as an aid to 
furoottStLag the nmnff of stn'amf'. Snow mUrppfi arc e«tRbH#hsd al key locations rep- 
rewntative of the cfitire area, prerernbly in the early winter when nomi’ snow has fallen. 
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Thf liKAtioTU^ jwv mftrkf^ by [»]«! or by haanlfl mukd io tivefl, nmJ are reronJed. Tbi^ 
fli-pth and itermity of snow at any tsmi: are dt'tcrmmc'd by nvTinF* of a metal ^amplini 
lube. Thi- tube inserted and withdrawn, and the weight of its contents of snow and 
ice ifl detonmnod and is In terras of inehes of water. 

PHOTOGRAMMEXiUC SUmVElTtWG * 

Photo^ammetry. is the science of measurement by meanfl of pbote- 

f^phs. The amit' and pOfcJtbu of objects in photottjrnph# vary according^ to the distance 
and potntjun of the comrspotidinj? actual objects relativi^ to The camera. Photograxn- 
tfiGtric iftinrcyitiit is acnjmpluiht'd by nurasurenicnt of These differcnecs in scale and Jis- 
plar^-monli; in position in stingle ot overtappinjf photoi^rapbp, in order to determme the 
lof^tion and ekwaiioii of i^rOiniii poinut jmd other details. 

Altboogb ablit^ne photographs taken tmtn ground stations or from airplanes arc used 
to Rome e?dent, the principal devefopme^nt has been in the ficirl of photographs taken 
trom aiq>lanes wlfh t he bxin nf the rumfra vi«rticai (as nearty ns may be). In connection 
with limJted ground maidi^ for the purpri^^ of accurately eitnbtishlng visible 

contn}! points, vertical aermt photogrfunirieljy ha^ become the most rapid and accurate 
nwThod of topographic perhapA where the ground ta reladwly flat, 

where clevalicniR miist !:«? determiTv^l within less thrm 5 ft^ or where the area is smalL 
Tts advantages are the speed with which the field work is accomplished^ the wvalth nf 
detail 3 ceured+ and the use in incations otherwise difficult or linp(fcssible of Access. 

.Serial phntogrammetry h up€n| for gftii'ral topogniphte Bttrv^ys, route surveys, and 
iRirveys of forest and agrieullural an.-an ist'e fdso p- 1 117j. Usually the actual photog¬ 
raphy and sometimes the mapping are lione un<ler contract by organizatians specialising 
in that work. Considerable ureas of the Ignited States have aln'ady been phtrtctgraphLxJ, 
and in many cok^i* the phirtographii nn' availtthli^ lo jiurvL^ynnii and olheni for a nominal 
f<LV. The eentrai source of inforniftiion leganlinR all Federal maps and aertal photo¬ 
graphs is the Map TuformwiJon Oflici^ TJ-S. <jealagicHl J^rvey. Washington^ D.C. 

Terrestrial PhologrenuiietryH Photographs for tem'^triat Aground) photogrammetry 
ait^ taken with a which b a ramera mniinle^J cm a transit tripod ami having 

a transit telescope wdth tin oprieaL Hx \y piiralli4 lii t hat of I he camera. The photographs 
are later inserted in an aiiLomatttf! platting machine. TcrnrstrLnl photographs art* taken 
in pairs from the endis of a meaeun'd basu-! lino. Tbi^ |3ai[v are gi-nerhlSy mode with the 
tw'o poaitions of tb* e 4 ami'ra axis pahtlEu! lo each Other. Usually the dMTM!ni statiorwi arc 
at the htgbt^r points in the area, in order that the direction of pointing may be as marly 
nnrmal the filopi' oh pOAuble. 

General PrncediLre of AeriiJ Surrajing. Aerial survoiinK etansiisls In udroncr 
phoia^aphtf, grnupt^f juuI f'nrnjftfoftOM of control and details. The geni^ral pm- 

oedure irt briefly os rollewii. 

Advancr planning induili.^ selection of thi^* scale and rv\x'nige of the photugraphs. and 
computation of the com^Hponding flight alEitudt?K interval la^twe-ea liner nf flight, and 
interval lnUWiiN'n A '^'flight map" erf the area is prepared, show'iiLg thi^ linM 

along which flighis an” to Ih^ nuidi\ 

Aerial pheUitgraphs of thi^ area Ui W j^urveyt^il are taken with specially designed auto¬ 
matic camoms. with the m,\w of the cana^ra vertical fas nenrly tis may be). The airplam* 
ifl flowti at a constant altitxnh” las ni*arly oa may beV above sea Se^ivl, bls indicated by cor¬ 
rected barometer readings. The arfa is covered in a serw^s of pnniilel strips^ with photo¬ 
graphs of the sana^ strip o’^^^rlappinK about (iO percent and photographs of adjacent 
Htrips n\-erlApping tn 6(1 peni nt. Frt^m tlv- photijgraphni on map is prepared, 
jihowing tfw* relative position and the coverngt' *rf each photograph. 

Ground cisntrol eemsists of a relativ^iy small nuniber of pointa ihr location and eleva- 
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lion of whioli are known. Ground-rantrcit polnl^i wlbe^r may be vinihlo atnlimiK ra- 
by other aurvoy® Htich a.« tb* Ftnlorttl irLaneulfttiEm niwi Jajid nurveyH or hiav 
be tfltahlujid eapc-ciflJly for t he phot DRniLimiiJt-t rie iJurvey. Wit h adjacent jcmiuiEi-control 
point-!: identiOed on a photograph nr Berios of photograph^ and with the fURhl altituilo 
and the fociJ length nf the ntmera known, t he wale of the photogmph.^ can be computed. 
A series of photographs can he brought to Th*' sanw! scale by i^nlargeimint or rv^duetioti 

the indi vidua! photogiaphs. 

Secondary roiHiol cotuials of stdeeted image points tm photogmphs, which pomla 
art used to bring n aefica of phobjgraphs between wijftecinl gToajnd-cohtrol Ktaliohe into 
the dtwiTed Ttlatioiw for plotting tu pcaJe. Thi^ mde of tb^ control dctennicicd 

that for the photogmpha. 

With the secondary eontrni plotted on a trtmspanmii .diL'nt and with the photogtaphs 
hrought to the same wiale and pboed auccepsivelT under the ^hcel, the map detaib Piir- 
nnuiding each control point mv traced onto tb* Khent. Coo vent looal riignaH an* employ oil 
aa doidrodr AltemativolyH the dolalls may be brought to the toquLrtd icalo by graphical 

For purpwes nf repreetmting relief, nr ronleim’ni?, ux is made of the diflforenco in 
pamllu diisplacOEflent betwtM-^n selected groynd poitits of unknown olevation and control 
points of kmmn elevation. To compute thn daploeemcnts of all the image points of 
controlling pointe of the terrain would be unduly laborious, and in practice it is customary 
to employ automatic plotting machinal bas«J upon the principle of stereiweopic obsi^r- 
vatiom If dwiredi contour? nuty W ilraw^n dim^lly on the photographer Contouring 
may iar aceompUdiA'd in the bdrl with the plane table* a tsipy of the planinudric map 
bi'ing infed as the pLum^table sb'sct. 

Acriai Photogrtphs. [f ib- phaiographs were Iruly verfitaJ and if the terrain went 
fiat, tb-; photographj- wouhl be true maps lo Mimti scale. In general^ however^ thu 
fmtura are diriplwwal and their jri£o is varied because of longitudinal and transverse in- 
rhnalloti (tip and uU} of the camera tiski nnd biwatwo of the relief of the grouikd. The 
eHoei of tip and tilt can be corrertH^d eitb^r by phntogmphic UKthoeb or (moro lahori- 
ouhIv) by computation: uj^ually the combinEjd average tip and lilt is Il#s than 3“, and 
uTtiin it u negieett'd. The dispiBcement, or pjimllax, of features ilue to gtuunEl ndief 
mokes nLW?siai>' spcicial methods of plotting to secure a true scale map; but it is usi^fol, 
in fact ric^^esisajy, os a meane of determiEiitig ihc elevations of poinls by computation or 
by sterecwcopie meosureroi^nt. 

The scab d a photograph lai computed from the relnticm^diip tif a mm^ured ins¬ 
tance on the photograph to the corresponding dbtanr? on tb^ ground- In utany iu' 
stances^ a nnmtair of icientifmblo poinls of known pofiiiinn wilt appear on the phoirn 
grapb?* and tb^ known dislanoes between tb'sai' points offer mi-ans of dcterminiTig srale. 
^le may also be cnmputtjd approximately as Ib^ ratio of tla.^ fcMmI hinglh of tb* aerial 
camera lo lb' flight altitude, or b*ighl ckf the airpliuie nl>ovo ihu awragLi elevniion Eif 
the u*rTain. Gonverpolv, tb- flight altitmk lo produce photographs of a defiirei;l scale 
can b’ computeil fram tb^ «imv Tvlationship. 

Coverage of ihi' atva to be surveypd u obtained by photographiug the ama in parallel 
strips, which nJV spruced it pnidcternlLind dtStUkCesto ensure the desired ovLirlap <1 usually 
30 to Sn pprcf^nll of photograplis for adjficemt strips. Photographii aie taken at tb^ 
proper iniervols along each strip to give the desired oT.'i-irbp <usually about 150 percent 
of phoiogmphs for the Ki^t?n strip. The roquinid rime interval between i-Kposuies ia 
computed, ^ing dsri*ctty proportional to tb- intervals of distance and inversely pro- 
portinnal to the grtiund spet-d of tb* airplane. For preliminary nstimali'S, tb- required 
number of photoKraphs is oompiiUid by dividing tb total area to be ph-otographed by 
I b fhri areii covered by a single phoLOgmph. 

An iih/m map of the phoiograplM IS pit^pan^l* as follows: fur loi^ job^^ the position 
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wid nwmifE! lif rieli pfic^to^pK arc^ plotted on the flii^t map ^ for i^maJI the phi>l«- 

Itraplu im- Iftid in thi^ Ttinn of h and n^phn|4jfo^aph<i4l^ 

^otD^pbic AirpLanes. Any airplane which is which nmy Im tkiwn 

which hm tlie riN^iiinMl .^■'rvife tvllmg, and which ha?i suffirient jpact^ for pilot, photog¬ 
rapher^ and aorinJ ramt^m «iei bu o^cd for aerial photography. In adtlitiQii, the airplane 
•should allow excellent Ability for the pilots peanut ojx^mtion from Jiiiaall and rektlviily 
unitnpmvud hekk^ and have f^conatmcal spLvd and fM>rformaiiEx? cboiacteriatira. For 
ffying at high altitudtfa, rhe airEdnnc tfthoLild o/ford protoetion fmm the cold and khtmid 
\mw. pmviaiock for oxygen for the crew. 

Aerial Comeroa. AcriaJ cajntiras may bi,^ of ihe or the muifipfe^iriui typl^ 

Usually the airplane k ftowm al sniffirieiit altitodt-a to pcrmil shutter of Hao «« 

or alowor. (mhI bt^twi-oa-ibL-lens fhuttcrw ate ^tmployed m preference to foathplaiu* 
tihuttera. Howt^v^-r, one type eynehronijies the loovi^meiit of the ground image acroiw 
the plate of the camnra wHLh tbi' him Fpei^i, thereby pruduclng a niotion-ocopping effect ? 
the ex}X)«hirt- DKthiKl rtwembli^ that of a ftwaFplaoe-tihuttor cfum-ra with the exception 
that the flILt k aiationsry' and the film mow?. 1*hi' cameras are fully automatic^ being 
operahid by ekctriiiity; the operator has only tij etiuw^ra himself That the camera k level 
and folly oligm^l with the liiu^ of fUght. 

DflterminitiDU of Elevations by Menauramam of POnllu. The object of measuring 
the pamllas differtmee bctwi^n two gn>Lin<l points k to determine the difference in their 



Fici, 70. DctenniimUon of ckvmtionB hi' incaituwtaent of pomllai. 


elevations and thus to detemuiu' their rt^pective bciglits aliove rea kvcL In Fig, TO 
it k dizaire^j to iw^oFure the gn^und elevations nbove sea lewJ of points A and B. Point 
A app^^ars on photograph pofuiive 1 at a and on p^Miittvi^ II at a\ IJne ha' k comtnicted 
parallel to line /in', making a Itiangk a’ha nimiliir to tiiangle /lA/;. Then 




H -A 


m 


// ia the altitude of filght^ A k thii iilevatlon cif pednt A above eea leveh ^ if* the 
'‘air boMK,^^ or dktnncK thi' plane flew hetw^een esppaitw, and the difftance p k the 
poralfar of point A. 

iiiniilorl y tk? ahsolute parallax nf point B can be dcte^rniined. The difference betweei* 
the abt^lute pamilax of A and that of if k a mt^ure of the difference between their ete- 
VatlQQS. 

For puJTHk!)eJ4 of coctouring, wv k modp of Eq, tS3) which k derived from Eci- ffiS) 
and which exproAes the ^'aluc of the change in parallax Ap {in millimetere) for a cor- 
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m^pondinff changio in {“Yfiimiioii JlA iiii Teel) bvltwo iKiinln or hi^tw^n two confotirR 
on tbr pliotc^^ph. 

- — <83) 


wlure H and h arc in feet and Bm {in milSiinrtcni) Is the incB#iiTwl stereoacopie liaae of 
thv pbotograpb) [W* — Bf/Ul — 

In an Boriiil pbolograph. the difq>ljirc^iii«ent due to rcluff m a fiatiiriil pth-nsitiajnan and 

^hniikl not be cocL^ldpfed an emm Were it 
not for tbe^ parmlliyt dL^ploeemetit din- to 
relief^ alefifO(Wj*>|Hc inennuremioit would ho 
impcmbtc. 

Mtp Control In addition lo ttw! nore^ 
Airy Kruund control, phot^i^mmctric Ecwpfi 
Are IeushI upoo mnirtfl wtiieh w- 

mnndly obiAiiwi graphically in a dmftinK 
twm. Seeondary ec^ntml bi siftid to iJe the 
pirtuf^ to the ground. It may be e;»tah- 
Urdied either hy tbe radiaUlLUi:! Eocthod or 
by aerial trianiadnrioii (p. 1-1 L 3 h 






E CffFrfr^ Arjrr^ 




S2cyf^ 


JJ£y0^ 

ssc^ 


S^l-P^ 

^S4ht 


Fin_ 7^ Plot t^fJ tnivp-pootral points. 

Eadiat-line Method of CemtfoL The 
rMlia^dinc nadhod of providing A.^eokiflar>' 
map cnntrf?l from vertical ai-rial photo- 


^phi) b boned on tbe principle that a 
^rtiqble point incbnieii in two propidy over¬ 
lapping phnto((jnphH ip located at the inti^r- 
aertiun of raya drawn ihrough that point 
fmro I be principal point <ifearh pKi»EO|tmpk 
lirw^fly, tbt! proredore ifs ap foUtswu. 

A BToop nf Bcycrel iiyree^ive photogmpha 
ia Hekvtid whicb inrlutiea at h^ojrt two 
gruiind-coiiLml poitit#—one near each end of 
the RTOOp. On iqch pbotugriLph Is marked 
tbe principal point, aa, fpr e:9oiniph% fil(7 {Fig. 71). bJeor the principaJ point of the firsl 
pholograi^ u ehos^ a virible pointy ae SI which appeatiii ako on the mJjiniiiing over¬ 
lapping photograph (S2); and thk "lubrtituto (KUtet'' k marked on both phuiqgniphii. 


Fin. 71. PhotOKTAiihfl loorked tor radial- 
llna eontrd. 
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PfsintN R juiil 51L ajt" chown nt objiTliJ im'at tbi^ ixuiddk- of thi? right mkI lefi i^iRps of 
tbo fiTrt photoj^ph, hjkI aiT* tm Imth phcp<c>)erapltf 1 wid m p>ri fiir pninl^ 52i? ami 

SIL Tv-hiiih are m'ttr iht' rtimi-m of tb- fir^ photoKraph. Tbu Eve yrnhlv pdnt-n aw 
akfo markt'fi on pin ptflgrapli 52. Similarly, points an? imirki'd on. pholojp^pb^ 5? and S3, 
tbtut MO on until anotb^-r pbiutKraph b? iv&fbHl Hrhirh inelodw a control point. Ra^LL&l 
Ilehw drawn on cnrli pho[orpfmpli fnitn prinripnl point to dl tikarki'd intlud- 

iop^ Ihi^ conlttil 

A burj?i‘ Au.'t-i of film l»a«- {ft.'ll uli^^:- ncctatc) i> imd ovt^j- ihc first pilots p- 

(Crapli, and pniiits Slf’, 51 Af, nmJ 52 If an' [tuci.'ii, ns well tht^ raduil liin>ti to all otb'r 
pointPhnELj^Tapb 51 b fi-iomiv'i^i the film Imw- b |jlaci?d nwr pbnTt>tijaph 52 % tiuil 
the trawl t>o**]iion of 52JJ fulb on ir.^ ptviitjnn It app^^ photij^raph 52, and rln' 
Elm hose Lf tb-n om''Tit<‘«l. Riidial \im*s to lb' other fMiint^^ arv trawl. TIh^ rorn'et Ilk’s. 
tioii (jf points fll^, 51L, 52f^, and S2L nre dnlermiTR-d by mtersi^tifin, shLiw Ei in 
\rig. 72, H'ipinlli-ss i>f paraJlat dbplaeemenri and diffeivnoi’? in scale ns b^twiT-n the 
imJividmiJ phtkUiftrapb^. Ami the proci^Hii b nmlinni't! for nuew^lin? phntoBniptwt 

till! jp'oiip. Thi' ploet+'^l Urt’atjuns of the ^-arifnj?^ poinis may or may not coinddr with 
Itwilr pirtun'f! local LOJi on eitb^r phn^t li^raph. 

Thh- HCftle nf ihi‘ data rt.ii^^'inbli'd on the Elm bjisi- b then dH^rennined by measurini^ 
I hr distance betw'w'n ihe fwn nmiru] pointj^ of tnnwii local Usn. Proper n-diirllrm of 
enlargcnfceni can l>e ardnniplishi“d if d(*sired. 

Slf}tiffl-trjnplair dfcth^L A variation of iht^ railbl-line nii thttl lid a-condary nisp 
control is known a^ like methoeir (nati'ail of ihi.' rays being drawn on the 

photographs as bemtofon^ c:cpl 4 Uiu^, ibe ptrinta am fit'lcctwh inarkcti on tb- phoio^phs, 
tkThJ traiksfem*!J l<k eardlioard ii^nipLiit'C^. ^^hilF n^po’m.'iiling rays mdLiiljng froin the 
principal poLnl to » k-cted |>hido poiut4< am cut into Eb: templatcf l>y mnnns itf a 
mectmiiical sEol cutEeri tin- sbtt^sl templatii’s are appro^cimatcly itrientcrj nn the short; 
and movable im tal ntyeb are insi^rted ihroLigh tb* al«E> whieh kiilersoet at k?ach selecttMl 
photo pt>int. llitMh- StUib which rnrrtrFpond to known com n>l poiiitis are then bt^vl in 
pcadiion, and the system of siaiU^d lempbtcK b shifted slightly alsoUE thcac fim'd puints 
until Ibe ftmtng^lmL^Elt having the lnty*t appan fit rnsidual strain b foynd. The tnovahle 
studs are Ib'o in tb' most pmliahk' j>ofdrioti for the correspondinK photo pointa. 

An alternative' alotted-Eemplate method tnvolws the ufw of slotusd dtrips of spring 
frtwl radiating alMjut a center hnit in the fcimi of ^'spider*,” with emdi strip in the diive- 
tion nf fl ray to a si^-eled phi>to fioint. The proet.<lure of orienting, eonm'etiikg, and ad- 
justing the pystem b similar to that just describi'tl. 

Secdon-liile Method. Surveys either fd stnnlJ area.” nr of Jante areas of purely local 
interey^t Jirv ofu-n tied in to the Uikitt-d -StaUrs publir'lanit i^urveya by mi'aJie of viribb 
indicatiom^ (snirh as highway.-^ and fenw lim^si of sedion linr^ and eorners. However, 

I he relatively low preriaioii of the publit^bnd mrveyv mipit bi ki-pl in mind. The aw> 
of Amnion tiiM’si ainl porm^rs an eontml is u^iially limiterl lo (he juinlug (or the bolding!! 
nf two photograpbi log^ lbir, lo Exirtg the pueltiotiB nf phot^^gtaphs for sftirveya of ml- 
nrively low precision, or to tbi- laying of mwaic^. 

Aeriti Tn&nguiatiEm. Aerit&l tnangubtioik b n mi'thod of W'^’Oikdary map ccmlrol 
k^mpbv'ed with stereoecrjpb itiotting inslrtimt-nts. For Murv'ey^ of meiiium aikd small 
arale, the ground control fiLiHi appi-ar only in eveiy [bird, fifth, or in s^^me Hfreenth 
phntc»gruph; tb^ intervening ilurtances lun bridged by aeriiil triangubtiun. The mothewi 
iavolvi’S a preebo ailjustiwru uf thi- firat siepeoflcopie racKlel rin plotting nuiehlnid 
to the Lxt'rting gnjuikd control: additional phalograph^ arc tho^n ndjuated and oriented I 
ri^lative to thorte alieiidy adiuated. 

Compllatiofl of Demil fcom Photographs. In an aerUI photograph, unimix^rtoiit 
detail# ar»? shown with the aame dtipia^ frf inlen#ity a? the iniporlaDt. The purpose af 
iu:i|i enntpidation b to ja'panite all thene h>atur\-3j and lo repniwent them by eonveutitmal 
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^EKTi:^ arriptfiliiiiii; tu f heir Lmpt^rtanc^ tu the tjmk At tiADd. No feAture ^houJd be out a( it^ 
reifttive Joc^tioti hy a ^-Ater ^iistiinre thsn ihiy diim^iiHioiijs of ihe conventional i^ign OM-'tl 
to repreflent it. 

Firet ibe jit.'eanilArj^ conlroJ \6 tninskTred to Uie eainpilAtiuti ihvc-l. Ami the number of 
eneh photogmph aihJ of vAch eontrol point is ^hown. Tbo shxi La rben oriented ovtct 
pbologra^ in tnmp And the detJiil ig trad'd onto the nbwt by the rtuikl-Line raeiboil, 
AP followa: 

}... Beitimuiig at the wnter of the pbotogmph, gymbole an.! ixAE^ed ia for ail the ffaiunw 
in tlu* oontral arcfL^ haJlway to the lu^areat rAdial-Ijne poinl!>. 

2. The s'heet ig shifted glightly i if iii'eeasair;^'j ^ lliat the Icwaliun of ode of thi-^ neair^t 
nulini-linr poiiite la exaetiy over I be correapondlng p«j>int on tin' photoRrAph, sht* 

ifl orienti'd, the detail ia Lraedl In for the nfen gurrouiiding the |?oint, half way to tha’ 
rtdjawnt radtAi-line poinl'!'. 

3. The fietail bet ween the twn Arir-A4 U etiiinecUHJ^ adjugtnieiiig being made if tk-ctwaary 
ao that no featun^ out of poffiiioo by uiuri" EhAii AlaiLit half the <linu‘nfiootf of the c^io- 
VLJitioTud Mjpi- 

■t. The foregoing pr^>ec^i 9 tfl eontiniK'Mi ftnf aSl ihu ocher points' in the art'a of the photo- 
Rinph^ and for Mueectfai^’o photorgraphfl in the aeruv. 

CoDtouring- Cotilotiring pan hn* aprornpliabed iii several ways^. A tffild nhcrt can lwi 
eoadif by prjntiJig the compilation shi«tt onto a plAiie^tabh* sheet; the held ghi-t.'t is fhtjn 
iflkeii into tin- &r^ld, aud conumring e* ttCooraplishEkl with tbi.’ plane table, A field rheek 
with the plane tAble is deMmble even when otbi^r tEu'ihLfcdri of contouring an*^ employi^i. 

Contnnring ran bi* done on the aton'OCtimpajARtAph ip. 1-1 lU) on a E^t^panite template 
for oaeh phiitogrAph; laUT the eontoun* an^ eompaled on tlve planimetriP shi'et ii3 chi^ 
wArue manner as tin' dflAil of the pbotogfAjdL 

fn theetimiHLation of contouTa on the muUipleii prait^etor (p. I-I la) and certidn othisr 
ailtoniAtle jplotlLag mAchini'A^ thi* rBiliAl-Einp mi-thiKi is rw^c ilk'iIj all fi^iturt^ uf ihu map 
an* ontnpLk-tl in a single optL^rAtion. 

Plotting Miidi!ni«$.< A plotting niAchim- for tu'rial pbotoKrAmirkitr^' consist# ewksntbtlly 
of a vk!'ninR systenif a mL^ibsuririg system, and a drais-ing system. The ek-vatioti of a 
given point shown on iht^ pbol^^^rapba isdi'lrTminEkl by nkAiiipulAtiiig an index niark of 
the mainline until U AppArii^ntly t^Eurhe*: that point. Eei IIk' ihreE^timensicimJ atenkiscopie 
imagi^. 

A wkk vaiiety ut stenktseoplf: plotting mAchiik^* are ink'd for the compilation inf topu- 
gTBphic mapa. Siitoe of tbiw an' prociw, eompIkAlird^ and ipo Li-vpt'nsive that only a 
govemnientAl agpney or a large inappioR concern can afford to own anti tp^xjrate oiie- 
With this tjTW ihe ground points and map details are IcNnited in plan and elevation 
EomnltaceoLisIy^ and no eerondary' control ia reqtiinHl. Examples are the ai^rirfartopaph, 
the aut4}grApb, the multiplex projeotor, and itk; slerec^planigraph. 

To fill tlaf makl for le^ E^xp^nidvE.' eciuipiaenl^ a VRrk-ty of simph! and telatlvely iw'x- 
|k'ftsive plotting machines haVE^ mcensly lieen developt.'d in the UnitiHl Stales; these aie 
leas prtkw tlum the more olaiKaate maehiiu^ lait am «atL«!factoty for cuutiairing after 
the serorkiniy control has plotteif by otbei na'ans sueh as an flabfjrate marhini' 
rPF the rHJiial-iine methotl prEiviously dewirilaMl. Exnmpks an' ih.' contour finder ami thu 
ifiti^nk^impHtiigmpli, 

In the following arricles nn- briefly described oth.- elaborate nikd om^ simple plutliug 
1TUUlbLtlL^ 

Multiplex Projector. The inMltipks prcjnE^ctor is a stereoficoplc plotting maeMne for 
proiluclng topographic mapw by lueaus nf the simultaneoufi project inn in complemeniary 
<vilors of averlapping tt^™L piitilogfaphs. A.i shikwri in Fsk- 73, it cuiisisls of a series of 
projeelnm w^hieh an- sniAll-**cale reprtwJuetionn chf thu' laking cAtntras. A small dia- 
potnlivcp or posit iVO transpiuency, U* imid in tbo proitTlors. A coIotkI filter may be 
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m cueh projiTioJ^ ia order lo projeri wUh eUlier ral or bliitMjCiwn UbIiI. amy 

\m* ruecseiift^y^ , , ^ u i 

tn opemtion, tht- ftii" in thr prpfeclor ami nn? tbL-u. muiujuJfcv ihJ- 

iusUnJ so that tliiir in\w^ will intt-rihM?l in above tlie lirafting table and 

farm a fpttiial tmnJrl whkh b a true rt |jrmi«fiiion of tW ktidm^ftr^ pboto 

TlK-epiilialnwM|i‘M(tol.ijrtii.-<lhy|injjrcfin«onfiiho!o«n*ph«rannvrrl«iipinK 

uHir ta rwl light ami th«- oitw r in tiglil, iin.i l>y «l«. rvin|t the ronilMwtiun of 

oolora through yppcHu'lo ruulnining oiii- ixij nnd one hlin.'^giwn U'n#. Only the tvd 
image w iieeii niih onu eye, «J«1 only tk- Wiii^tren inwEt' » with the other ry-; 



Pio. 73. Multipl.* projortor with tmriw stand and lultnue frgiilator. 


thu. the condition of rtetroseopie vision is fitlfilkd. « hea tt» insl>^cnt w pntpt-rty 
n,li„«t«l. the inU-WL^lions of the hundlcs of fwm the pfojeria« fotm * tw .mnfSt-. 

in imans tif tJu.* iirtitnial Ifttiilswil"'' i i-,- * i i it, - 

Z> ihi. furion trf the imng.*.. twrurr in fpiW' nUti-p llu’ drafting tahliMk- 
be em nitd nn^timl at any denri.J hright. An m.lex mark, or (Wtrng n»fk « 

cnmiJ ia the renter of a drvoiar .\\A on the tmring table ns rho^, m kg. ^3. Thi- 
ili.k k rnimil wid lowertNl by means of n iicr.>w on the rioter post at tlielmrk^ tk tiw mg 
rtond. On the kft port of tk tnteiitg stand m a millmader s^e on ahirh » rt.id the 
height of the dirk ttJnive the dtofting table, whieh imty he eonsidensl ai= the datum pkiie. 
Corned in the tiaeing stand dins-ily telow the llnatitig iwA «the dmtvir^ pei^i! which 
tm<a^ r«, the pJotting sb«'t the homontal mnv.^ent3 of t^ floating mork ^ htngh 
of anv point Is mc-sunH by bringing the fl««fit^ imo^^fc into eon act wit , b- spotin 
miKlet aVtlie peiol, and soiling tb- elevation in nnllimciers liil the plotting smle) 
dinwtiv oh tb- millimi'tef srak on ib' tmnng ifUnd. 

In e;.nt..Hnng. the tl.mling mark is « t nt tb- eom-r, b-ighi of lb- rontnur (,b- vJih- 
«r tb- riinlinir, in mi .bn., nuiltit-lii'^l by <bi n^pn-seMlativi'fim-lmn of tb plotting 
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Acaiif), RjitJ the pend) ifi bwtnd onto the ptottiQi; sbetst. Tb*? tracmis »Uiid Ui thpa 
inDved Abuui aver the ebeot wMid the omHc in bt'ld ui vtitb the .Tp&tiiiJ 

mndcL Althnugh liii# proctee may Abem liLffiruk, It Is ttaaily accampli^becl nn the iriFln]- 
m?xklr 

The- pnoje^^re ean bo adjiiBtod for Up tilt mui in oil din^otjuftx sq that tht^y htv 
k»cat-cd and DriL«iitod ioto thi^ miiw tobtiv^ poftitiniiiit ibnee ot thu Ai^riol caniora nt tho 
infLifijit of t+xpo^ujTi! of the dovt^nd phoU^i^pbiii. 

Stereocompuagraph. The RU>riN>cuinp 4 UTLgT^ph (Fig. 741 w a dnipio fuitamatir 
pkotting ioRtnuiietit for ru&tourii^ direct Ey Irom vortiail serial phiit«gtiip)fc(*. It wa^ 



Fro-74- Fflirif<|dld At<roCic«fnpBiacrBph.. 


jnvotitetii by B. B, Tidley iti J934- The vionliig fl>TJtoiii is a magnifying mirror atomj- 
jMTdpi}; the Piwiirirt^ Hyatem conFUftr of two indo:^ markii engm^od ip the centem of two 
nienbcus hns^ actuated by a rnicruipF-tiT screw; and thf; drawing sy^ifleni eoDfllRlJ of a 
pencil mnnntfxi wt tbi^ end of an arm fixed rigidly to tbc h«A3 of the imnuDcnt. In 
operation, two aetiaJ vertirad photiiigmphK are orii^ntecl hent-ath the instruinent m that 
fflereosoopir vEdoa is obtained ihroughoul the otim of their ov't-rlopr 

Tlie ]pti>»er: ronUdniiiR tht' iiidt^ic n\iir]is aiv in cfmlacf with thf! photographs. Thu left 
index mark Is Exed to the hast^; the right index mark may he movixl either to the righE 
iir to the left hy tni'an^ of a mieromi-teE" Rcrew which alno servep to indidato the cJtte'nl of 
the movement. Tbo two index luark^ fuse Into a Hinglr image, m Boating truirk, which 
Hpix^iiTR Lo riae or fall in spaee the dliftimce l)et worn two hisses ia diiicomwd or in^ 
ertaB&d reapectiveb^. As indiented by Eft. (83), the movemiml of the micrometer (Ap), in 
millimeteiv, eorreaponding to an apparenl rbanee in ht-lglit of tie floating mark \s erpml 
tn the moon st^ereoMorflc bust- {BmJr in miilimelerw^ of the photographs multiplitNl hy ihr 
ififfereneo in elevation (iA), in betwt'en the two pictured points on which lit- fl^jHt- 
ing mark » held» divided hy the altitude of the airplane iH — k), in feet, ahow th™- 
points. 

In pmctioo, thir dlfTonmeo in elcvration of poinl^ an nerial photographs ts Jetcmiintxl 
on the atcro(>eomp&ragmph by towuring direct ty the difference in poridlax of the pointa 
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BJnd by convert irj-g thip difT*^n?nw mio tw-i fay ntfErtnoe t* a paxaltEx table wbieh h 
conulmeti'd by fHuK'uig (83) ftir wi lEbrfVHafleDpic base, for given increriK^iitj^ 

Ilf diiTiin^nA! in ek-vation, ami for vahatkinp in flight abittnie ihrtMj^ihout. the miige likely 
to tji' uneOimteO^. 

For eunUiiifing, the mieromeler h ?ti‘l fti a value eomirtpehniliiig to liieelov'alion of fhi;' 
coiLLdtix to bo drawn, and the floatIng mark Ifi nuuntaimn;! in ecuitAet with the spatial 
moilE'l whili‘ the itL^Emment h movt^iJ alHiyt ovor ib^ phoTogra;^. Eaeh photograph 
]a ro'ntoyrvd de|wixAto]y. and the eontounF aie compiled onto Lbe map pheel aa prov^souiPly 
dE^cribed for ihe eulturaJ dl^tlul of the photJjgrttphH, Thiia tb? iMado is madi? uniform 
and ihi‘ boriEotital dbipiact^jai'iitA of the etmlour^ dtK^ to n-lieF am ndjuated in tbo sank: 
operatiofir Coot rot is nequirL'd in every pbotopETAph. 

ApptkatiQiifi of Photo^jraininetiy. Aerial photograpbE and/or phologruiitnetrT am 
witiely in many fitdila incSllJillg the frEUowingl military^ tofniErttphif! liiappittg. 
e<lualiaat|on l property map*f!!, petroleum geohigv', gt'fvphyifioil prete^pt-etitig, minitk^. 
forestry (mcbdiiLg rhiiwiEeaitltjii of liniher and iltierrojnaiion of ina^ hrighti^), rural 
rehabilitation^ Foil eoiistTvaiiou, ngrieijltunkl land use, city and n-gjouaJ plantiiiLjg and 
development, ronte locatiuji, and aiti' i^tudii-i*. 

For ro«li‘ local mn, nufcsairs are UA-’d in it^cnnnftiwsfinci^ painnl ^temoMcopir prints 
are nml for detaileii f*tudie#K and eonlour mapn are eniploye^l for qmmlitnlive arkajyR^P. 
Application tif tw’rial pllot^>g^iphy to bghway location is aecnmphsbed in four stam^Ti! 
(1 } reconiia«? 5 anct^ of a wide aii‘a^ with tb- fne^le utvd as a plniting shtiet; rompari- 
iton of mupw With itio aid of iajger-S<?n]e pbotonrapli^. mal in^leetion i}f b'st njijte; 
{3) preliminary' aunTy and di^mi, w^hieh Involvo Ehe plotting and uw of a conTuur nmi^] 
nnd ('ll) UK*ation survey and numj-uetion Hiir%-ey, whieh consisi in staking Lhe alignment, 
gmeli-, rrrwp j5eetiDn5> and almetunw on the ground. Mosaic-s ami |iaired alenMKM^ipir 
prints an! also uat^fnl fordisplayj, ta>^tiutiecia for routes or fnr righl.N of wav\ situdieir of 
drainfigk\ or exploration for sub aide eoiiBl met ion naaterinls. 
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RAILWAY, HIGHWAY, AND AIR POUT ENGINEERING 

By John B, Babcock, ,1d 
AND ALEXANDEH J. BONE 


ROUTE SURVEYS 

Locatiear The erf tliy IcHrutlou of u teuIvuv, Li^wriyp or other traiu- 

portntioii fufility wRmnilfl thi^ mocfl ihortiugh study. TbL^ imporlaiire of adequate- 
Kurve^'s And planB h<*como» ^vitk^iil it id tv>AlLEod ihat- thjE^ final locolion i# thu 

burls Tor cunplnictKin of b. permanent artery ef tra^c. tfuliSoquDal impmvTmeniti m&y 
bo nmde when jiUFtifk^l by tniffle n->c|LiiruiiHjott«, providL^d thi^ haeie W-aMoq iic Ratisfor- 
koj>N The prindpSeR uf raute loealiati 1^^111 iuily ihL- simiL- far all of land irtiu^ 
portittioUp vw-p the (rtuidportofton seruire w'hieh tin? reudlity etouJd pfox'ido, it? ri^lAtioa 
to othiT lifWff wnd to l ho syritotd us a. wlioti!, u&d t bi» sfondEirds of disi§^ii jmd ronjitnict ion 
which should Hdopttxl. Primary fajL-toon for railways ilchJ hl|^wa>i( lenidh, |pa- 
dientffp curraturep and rij^ht of way, Enffineertnff rtamtards fort hew Ijasice^hiruE^rits %'ary 
ofsiwitU^ns-bly with type? of transiport mid ehoructef lyid muount of imfEe, and thi^y arc 
tT^jitcd j»cpaj»toly fur rAilw^ays and highwA-y's^ ''Roulc SurYtjift''^ mcludcs primarily 
tho?^ methods which oft* applioahle to the location of and Airpaet 

tocalion la diaciiUBod under -'Airport Eng^TW^^riTig/’ 

Route Surveys, The Bclcotioa of the jfnol iocrfiioa ffliifnEDcnt and graded) for a new 
wrcUun of hJjjtjway or railwA>' involveft a senop of caonfinaled Fteps similar in piincipTo 
hut difforiug wmewhat m method of especntjon. Prior io the devciopmenl of aeritil 
earteifins aiid }^alo(;rtmm€tr^, raiUe mney* worn lamdueteci by ^ouaif-jiunvyi Ag meEhoda 
uxclusively. In recent ^'can?, a/rial surnc^» ami phaiagrammeirie TnethtMla \mve lakcti 
tiu* place of a lar^ amount of i^und survey; thiw mi^thodap howevi«r, sttll requin? 
ground surveying for horixontal and vertical centitih >i!pt‘Cial Furveyn, and taking of 
final line. On minor projccls, whirm photogmmnh-trir nurfhods may tiol bt' juHiifii^d, 
ground^urvey jncthoils wiU sLill la? mal. The principnl apphcatioiii of aeriai siirvi.?ytng 
and photugTBmim'try to raute surveys have been marie by state highway di-partnientR: 
and UJ^. Bureau uf Pulilic Rotkhi. PhulugrammiM ric method?! an? now Ijoiiig supple¬ 
mented hy iiM? of eUtirenic derkea for rapid computjitlou of traverses and cnlcuLiUon 
of earthwork qnantitk^. Imp4jrtant nvullii in rapidiij^ and ceorwmtf of route mrter/M 
may lie collected with furth!?r develupnmut of ibiw ijoitcesws. The fullowiog dusctiiv 
tkm of routc-Hun^ejing nw^thmlB uppliLfi to lioth ground and pliotogramnrtric lypea 
of furve>?. Pnrtiriilar attunliou is to the more modem methods since infomialiou 
as to compk'b* ground siirvo>‘* is avollatklc in varioLtp textbooks on ruule Hurveyiug. 

Basir-ally, tb* atvpn ui a route survey arc: £1) rKwaootviaoi-f, (2) «arwy, 

and (3) Ptrrwp. fPcfpnijaajiMnnr indudits two irtagpn, {a} bruHfl ntudy of 

on OTHI to detennme /ecwiWe remfe* and (6) remparison of these aifmiaic raiils oS 


2-2 RAILWAY^ HIGHWAY, ANI> AmFORT E%:g1\EIi:hiN(1 

to ItTTain, A-ftSl+TV imtS ridRir lines, wiittT eourwi*. Hppmximati^ rH^rvicc nitd <?on- 

vtiiit'iin?^ Bind rosija of n^rbi of «rrty and const nirrinn in dvUni tt» 

wbich route appears to offer tb- niDst ud^'anta^^s. A /jrtfffmdnar^ Mttrppf/ c»f ihc i^enfral 
roule n.-leett'd constitutes tb? step. This ^rvey b mwie lo ufitaln ileijutnl 
formatiou as to topographclmiauiKt% soil ecndlEions, riwr crtussinKi^. land rle,^ 
titHwsmy for t'stablifJkiiig ihe final lucation and estimaTing fiuantiiSes and costs, rfflfl/- 
vurvtr^ consists of Staking out ub ihi^ ground the center-line location logt^tber 
wiib But’K oLber gruunil survey's ai* are lusMletS in arlvanci- of construction. ancl 

suivcyiuit is considered under ^‘Cksfis'tructinii J^urvL’Vitfcg," p. 1-100. 

Tn practice, tbsi' sU>])s may not he Carriid otjl exactly as bidicatL-d. Korauint' proj¬ 
ects, rtN:annai«waifccv and preliminaiy jiur^'cy may b’ cuioLititd: whetr the appmximiiLe 
location nf bmJ lita^ b fairly evident Lor di'finilidy lindted in ehiiicvr wjiamte ptepa are 
run requiri^. Sotnu iroule sim^ey^i a^prcwni a ecmibinaeian uf KniumJ- ami aenaU 
siirve>nng na^tlnxii, wbertdn the recnoFaussaiirt' b primajily Imw^J on a Ftudy of aerial 
photograplw [mi gnmnd suTveyfl are for Dhtoininj^ detailed information for locating 
the fitkal linCr 

Ground-aurrcy Method r i?eronrtHTiiii^iJrtcc may b^ maiitj by a study of mapg a^'ailable 
from differx'nt ifHiarces, supplemented by pocket eumpatw, band levid, aneroid barccneter. 
or rough utudia ffurve'i^i*. This waj? typical of early miiway locaiiont^ m ruggn.d and j^i^n- 
crtilly watfcrlciJ Uprnait 4 where satisfactory' mnpp wurt* sr^ldom a^^ailaide. Topograpliip 
(quadrangle) pbci^t, pn-pared by U.r^. Sur^'ey, are availalile foir a considerikble 

portion of Hm United f^tates. A recfniiMiiaf^i:^- wuubj aiddom be made wilLoiit makiiig 
some UH' of pir photos which are availahjc for the entire rountry.^ 

pr^iminar^ Nart*y. Thero IS no standard form of pitdiniiniiry survey by p-rnu^id 
Elathoda. In fadaaj/ practice it ronipri«*cl a Iranait ami tnjK' ''open*' IraVerw (along 
the g^.^nd route iiadicattd by the rectmnaiiwaoci^) for locating property lineti, buildings, 
roads^ etc.; b-iueh-niark and profik- kivobi; and location of contoiirs losnidly hy hand 
level} for abiul 300' each aide uf tmvet>e, Altt^niiitc melhiKb inelutlcd stmlia Himvy 
by Iraiisit or plarw' tabk- for obtolidng conlouhs. Trial lix^tiou lines ^tire laid out an 
a tu|jographk ninp pfi»pajiMi from pitdiminan' 8iirii*ey. round profiles were plotud, 
tentatitiX'' grades established, and earthwork quantitL's roniputixl ^usually based on 
rcnlfir^liiie heightN, suinelimiv with allowance for truiisven4^ ground slupt^K The 
fiiuiL "i^pcr" loratioti wa^ tik.'n laid out Oil the ground, huLking Fuch ehangi'a as wen> 
round necCFr^ry * 

xurvr?^ Lh fnuch the ^ame whether complele ground surveys or pbolo- 
gnunim.'lric niethiMis are ummiI in priiimirutty Hiagii^. Piaoi/docrdtaFi fiut en thr ground 
compriR^ n transit line, stationed thrtHighout, with ‘'Eine" siikki>$ at each 100' statkou 
(iiftoii 50' aptin ou cur^iis) ajid tranFit points i bulra) at PC*s, and at intertneilbiLe 
points when[* lu'i'cli'd. If pre.iiiiilriar>' tmwrft.-' points an" availubbe in the field {ground- 
^^urvey tyiie ^ a nujuta-r tif pKiinEs un hnaJ hH!atiaii ran be slaki^J frckni livH lo prvUminar>‘ 
aufvny and a cumpklo final lim- run ccuinrcting i lKin- 

1 Fuf iiuNkrrJiStinp u Tn ihriirt *4wJ BW pljjfitu*. r«pt|il.t VSCI^ Mb|i InJunjiBtiqri tVuhkkJtUiii. li-C., 

wharfk mtnria mm B wtirttiiimltnB iiJt tlir tiJ ]iLa|;> tJ mLi ^UEa tnippiiix (mcfidw. 

L>$G^ n^iAdmudr iIm^cU lllkinp bf^u niail? tor mhmtt TU ot liir L'nltfd Sl«tM, nfliie 

mhfiitM mre aQE Tin tp pejMrir Si lwy^t 44 nrnmn ul Uiy ^iiLtty b npiicrnl ^ inodEm nmp*. Stmixy 

jj( lb?*** h*™ a Mats vl I :fl2,5QO I- — I nuusi) p'LUi 3tr cDiiijQfljn; Eor aiwLn‘LKijM:^i)M otnain. Matd 

fciifc v bt 1: 12 ^ 1,000 wUli rCKitOUl*. Thimc □uulr m wnnl >«W1 UnUbUy Iiats m cjf 1! 24.000 (ur 

I :3I,QSUIi wLbIt ny ctr 'iHt' liKiGiielliatrt A'l HMhHU^. UNsdnilvIti ilhnHA dhtnLitabtr \rtjtn U&GS, ta-B^hh^g. 
Uih. !J,C. ItLilell sltWte flV ni*|iB Jn each atsle Mtv liimk^ied Milbaut clisiys. 

Vtfiiral urnmi plufta^sbw laCiTFW^vr™s^l arr tL¥KllaJkl« fnr t|K tJiililTJ c^KialTy IbBtlily I iSO.ftXl?. 

TImm air nkblOHMltitti Irani CatlifU^ty S(^iU iiat^h iscr^^. tJ.S. t>e|JBmiii»lt 111 Aisicullure. |iuIki 
bj RiunllDi mir Aar pbal4» AIbu tweti fluWn ftic pwrlji uf iJip ttqil«d SUIr* tiy S, 

uiid ilumc wBwta] Bji» by P3Ctis. 

X Id hdiib Wiy |.inM:Un. H Wma IikiTS rUHilltwIi Lim> nlUD a U'DlaU^r^ UH'diUifk litHi dlrartly va Lhr- cnwncl- 
OvA iwtTMLi tstUKi lUWB ibli tcoe auU b emir BtoldiabHl on j jImH t«| rhato wctiomi. fn oiWl e«mtcy. 

wbsre iv4 tw ruBcml tlK Uni Ui^ir ofUtn for tbs njksi ]iK^t4iB^ Jf rGudiAmlcrii* Ln 

irrol 1^™™! 11m *«« tsUI owl, rfn-HCtiaDolBlidquiJkliUsAKiiiJiHilj^ LUkli] A layKfuliify 

Anl lipi- •wmm moturtOm 
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WIr'Ji ^eriai phfilofframrni>(ric ntt^ihcxi? urt’ us^\ fw preiimiiuiry i=UTV^y\ horimnial- 
uiOEiufutiiit^ an? as-ailahte on tho anri Thoir |4:i€fitioo \& ehow^n on Iojkh 

Kraplijc map. Thi' csmlml *iirviy it* imuUly liinj in to fhi‘ nlati- erctonJinati' Aym^ni ikud 
thi; rdciniiiiHt4?is of E^ontrol poml^ d^.itennined- (i^^mrEinn^ thi? bori^oiital control if 
tied in (o n ^'Krid" for the project instead of lo q stato-^^ide ay stem.) To 

(hfc' hmd liiw oi] iiuip. it is only neces8ar>' to cfltftlilieh coorrJinatcF of PUf (vertiees of 
rurvefl’j by vaiin^ on luap. of PC^';^ PT'^^ and any inEermediate points on 

fina] line ran thL^o bo dotemdni.'d, and their ccH^rtlmates ealcuhited- Conwnicn.t point? 
on ttnal IncaEion ILtur can btf slalced on the ground by tUjt fnjm boriaonlal-oonlrol monu- 
mentSr* TLk> complelr loeation is then run tietwcen them and curres laid out coiint.~cting 
I he tangenti:. Jmpurtjint transit points on final line should he ^'referenced'’ so that 
they can fM? ndueated JuHinf eonstnietion. Bench marks are set and profile levels niiL 
Property liiw^ are ttsunity tied in with dual tine for use in Kcuring right of way, Crtii^af 
seetions ntay liikvii along the dnal line although mc'thod^ have now been develop^'il 
for rtomputing tlii«iii by and rffWrfWJic meariH. Gmilcii an^ ^rtitabllshr^l 

on CfiiteTdine iftakeas tor on pandlel "offset" Riakf^" may be set on 

projects involving lutavy grading. AtldUional ground surveyifi imiy be needed for bridge 
sites^ drainage, etc. 


AERIAL PHQTOGRAMMETRIC ROUTE SURVEYS* 
pjiotogrimmetfic Methods, Thi? applieBiioij of pAoteJtfrurnirfnTry to route 

surwying imi'oSvi'^ an understanding of some hs-ric temiiiiobg)' anil pritiiHplEv. 

phutograplir are taken lotiking toward hnri^un : eveiydbiog ja souu in peraisurtim*. 
Although not used ill the photo gram me trie proct^ss^ thi^y tue hidpTuI in visuabELckg land 
right-uf-way takiitgs^ culturcH dt‘sign of inrercliaiigtw, etc. Tcrf^Aif ncriuf photiv- 
gntphF <.U 2 tuaJiy 0^ by 9*) are taken mih opElciiJ axia of Idil* pointing vi^rt tciilly down 
warti; at^ /utnimmiUill fo Thew phulos are taken With S5 ur fiO 

Ix.^rceht mrrlfip in direction of line of flight i ^ Ph^rct^nt Ju'd?: rjcrrlcip is common when par¬ 
allel fliglit liiiCF are Mown. Adjaeoni pairs of photographs, when viewed through a ^ca‘ 0' 
iieopic device, give the olHSTver u ihret'-diiuenriortal view a.-^ ihongh looking at a relief 
modifL This piinripk of .ftcfftiriBiefi is ihe founiiation of phEilogramnietry. i^Eudy 

fjhutograpLtK by simptni ^itH.'nHKOopn‘ in n'Coniiais.saEiCt^ of pn.'1tlniiutn' UHIUk 
surveys is an invaJuabk^ aid in sth^cling avaihihle mutes for mure detailed ifive'Stigal iuu- 
A s/crcopfiriJ^T n? on Eicftninienl for rr^.^aiinganrl me^a^tiHng a spatioJ model and tWiriJinK 
the rcsulls> Thb deviix% of whwh theo^ are variikUH lypt^s! ranging from S-f.fKX} tu 
57h.O(M3 each, makes p<.fe?sibtL* Ehi- ileli^rminalioEi of elevations with reference to a system 
of vertical roiitml and l> ih^' liai^ie iHiuipntent ustd for pbfting corUourSn determining 
ercKS swlioiis, etc. A i mmeliniL-ii caJEed Is an aHHembly of adjoining 

vbTtical phrjtograpliP, matched to give a ^nmipleEt' pboEograph of nn an^. VnconiitMrd 
thtiidiic is om.' niiwli' from pbologniphs which liave tmt bam brought to miiform scale 


I Jf it ii irngriMiablr tn xl iiuU lUkP’ poiiLid ifiVrrt Iruid bwiimilM-rufUrQt iqjuniiPprPitA li««auH id 
tfmjji at VCfOdt^ ernund, timVeras Ha tw OiU frotu the inunUkiiMiU Ut ««t Jf biljai^BL imhiat*, 

eriinhlH-brct Ob HjlIiE liriL”. ont EULiTUjJly LhtSfvkiWs. U ii^ay lUJMBiMy 111 riEi IrunJ traviw* l^irrsti 
ihini with Bulw^MiuBni oiktoi- ndjirflmefitp to Hiaiiota wi Uiutl line., _ 

* Yitr iatotfliiWOlS iWl |iOnri|d» uid iiraro™, tmr AWKlWkX ftwriFFT ilF PHiJfOOfcAW- 

KSTKt, "AiareoaJ Ctf Ftietijffnininfcrti^-," id cd.. rkaiac-^mmftTM Anfiiffnnf. ihc Kiumul of th* 

ccy, rwvliBni bihu>fUl nfi v^rmM luiftiMxk ind uim T^ivttKiolQi ca\. [WiominantMiatry EMi-d mk 

#ikri™>-lnrti arr nbik B^itthlt? . ... 

Rjift^piijra irti MfillJ SibatnfpniJiJJri'U-|i.‘ lW*lt# wirvwr*: ^mYOK. W. I., LXucjiHK't’ id U.is. Humoa ol 
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2 ^ RAILWAY, RiGHWAY^ AX 1 > AIRPORT E\GJ?%£^RIXG 


or fur tilt of caJtifnL Although not at4.'Ljrm.u\ fhbi ivfio in Ti mml ly latutfiictor^' 

for of Altomat4r> rnutt^ m aii art*n. In a mnlfoifHJ mosaic, phoEOf^rapH^ 

liAve tKMjo broufdiE to unirorm auaI corntrifil far latEj tbirt t^-pe k giiii’mliv 
w1m!ih‘ uccuFflcy ifi Modem «ten>oploiter?i iiidiiLie dvv]^ whieh miikr it pun- 

rtihle ifj in ilk' marhat>e for tmiforni fieighl and rom-et for tilt of ejwfb pliotofmph. 

(/>a' 0 p€Mn^w pUUv are ^nfiaJly tLfted in ifEeRsipkMtt'rj 
Cofllrof /or Arriuf Sunv;f9. IlirnMoiita! nnd tfriioil oi?nfrof arr ewiitUI for njmaJ 
photoflrammctri.'. Alt bough ron/roi is LfSkHutiaL in ihe first inMaiif^ for pholo- 

granimetry, tho current trend is to ust- it tdpo in eiHabUibtng final loeatidn line on icnmiid. 
To aecoEdplMh this, \l w- often dx.'vJralile Tq estnhSish inore horixontjil-rqntrol iiioifii 4 JCTu*nL 4 , 
ami to requin^ a ip^i-ader degret.- of aeruniry. than wrnuld be Tor nnippinK contmi 

alone. iSiT- p. 2"3 fur use of bqnb^pntnl--conltru] nn^nunu'-Eits in staking iDOatiuq line i 
fVKHificJ are maiie after photc^gniphs ait' avnilabk; il is then poftsifjle to 

iHmtml poiula whieh ait- nadily identififtble on photographs. 

i opOffTQphtC J/qp_ Althougli nq| fxinipletely Mtan-dHir ri I at -pn^ jj. eommofi 
requiitmeoi for hufWHii^ ae^m-rj of topogniphic map^ onule by pbotngmmiiu trie 
aietbutk ia as rolio??^: Dutance between 00 percent of any two weEI-delimti etilEiiraJ 
rnatufea, sealed from map, ahntUd rhrelc dirttanee measured nngrosmd within (map 
^ale), litid no inacennicks should exft'ed Ljg' imap sraie), fFor - 300' map, 
thi-At toleranec^^ wotiJd bt 5' and 10' n^pisrtividy. p For tvrHcal a^curury, eomnioo 
rc^iLiinenkint Is that m pirtt nt of all eontotu>^ i^otted should be eortect uithiii 
of trootour inierval and no tnm-ruraey ithaiild oTteeed (fm ronlour [nierval, aJIowanor' 
Ipoi^Lg maih' for .■shifting of contour ilnap w'akl if nt'ceaearv to meet the require^ 

inents. U a tnntoiir map is dei^ired where teirain is very heavily wncbdid, a w^riiiml 
tnleraneu Ln soTni-times albwt'd np to one-half a^'orago height of vtfgErtatlqD or two min- 
t<oir intervals, whiehever L- gn ater. The ™t of cheeking jiiape by ground measun^ 
meats, eUrrenlly Imrno by ihi* u*cr, may be a I^onsidendde eXpetLse If tl Is done thor¬ 
oughly.^ 


Rc^fmTittijt*ancf. Thu first. Step in fii^nnai^sanw of an area is u^-rnbly of 
all available’ irja|«, inrludifiic t’SCrt q[iiidmiij;le shwl^ whi-re ttviiilnblc, gLulojpr umi 
!Mil mupe, and tnaps from otW VL-rtjcaJ aif pb.itfjemph? unmlly avaiLuhl.- 

fitii: footnotif, p. 2-2), SforiMfcMjopic exatiilnalion of theH- photuentplu. wilt fwrnuih 
infommlSoti ntf to lopoKrophy and olhtT Tht mi/silabli- map« aud pLolograiih-o 

flhuuhJ ntokfi it pusqhh> to deCi'nmoi' liniitfi of urc-a to Iw' sludiitd. At thL- stjijn', it is 
romnion to havi* ihi- ar™ flown nl u scdli^ Ijftw.H t, 2,000' smd 1,000' per in. fur widihs 
of 10 ro CO laili#, (unJ 3 ro 10 miSes respect tvi-ly, An aiicoidftiied NiOHitr ia pn-ptinsf 
from phoUtgroplis. t<ti>nMsc«pie study of iIilw pbot^Kriiphs and use of ino*ue sboyld: 
eimtile the hK-atirm; i-HKi™.,T iu dt temiine (jW/ta^'We routs*. The™- alternate tmltm nip 
then compan-d lu lu tlmir n lative mlvantiigi^ and dbuvdvBntiig,;# oti basis nf Knuka iuhI 
curvature, direct n.'i» nf route, apf.rn3dnuHn cp.miititii's an.l wwi.* rhameli-r of anil 
ilraiiutfie, bridge strudun-s, bind tt^.., otc, Lsually tJie route can thus be wleel^J for 
prtltmtiuirij «J1-Wir. Ocrt*ainna(|y ji snmfl-KeaJe topjipTiphiE nuip Ls made by phoio- 
BTummetric nwtliorfe to a sealo of 1' - g|)0' with 20' rontours to Heientiim'the bt^l 
route for prt^limSnary snrvuvi 


Atn'ql jjrWfirti'niti-y jrwrtctf ii nnw [lanfe of f.he mute «.‘teettHi. Fliuhl st.ripfl are estab- 
Jiabed eoveririK I'uifiHent wiilili to include probable Icaalion of finiil line. Widths 
Inay vary from a few burhln.'d yards to a mill- or nwro; tiormallv one flisht strip will 
n:.wr the dwn>(i Wkith althoujch occasinnjilly pamllel strip* miy be machil. From 
ve rtical pholoKrjiph-s, a I olx.fttnpinc mnp L. made by et<TeoplrllltnB «|Uipnienl Scale 
should be larp. eiiunsh to ftmdsh topoKcaphie and l(Htd-use deiiuli intuailv map will 
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iw 100 <ir 200 ft pt.f m. with 5' contour#, or |x»rhapf; in urtiaji wiib 2' contours. 

FiKum I ^bi>wB li (ivcLian of topQgrftpbic uiap to^-UliT with out Ilf #ti>n>opain^r| pho^o- 
KfiLph-N uwd in pn!|mriii|§ itr From thmonj^h inYtHstigntioii of tnnp, 
ratefu! iT^ufid trt^perifMn, preiimLiiiry Icir&tion lioe^i may bu- plotU'd nnd comFumKi. 
Profikifl &nil cnift# wrijoiip rmiy Ih" riotunnin^l lunl prel tminckfy i:|iiiiiititic« of earthwork 
ndculatcdl. <Altoiiitkio ha# called to niodcm cIcHfitroiiir e^iiripou^fit which wil] 
enable the euuipn tatinruz to be isiadi? rapiilly and ecouamically-i Uhnsn hnal loration 



Vm. 1. Topcwp-Jiphsf! map hy phflTosntnifrtCtHr liirtfiMjd. i 'fipt^r haff: innp of tvrtinn 

oF fflAtern rjcttnAion of PrEkimiyUrania Tortipikp^ dewhed tincti Indiratp prfJhpiinjii>- InealioTi of 
EruuLiiet^type intifrfrflaBjipci, jLonw hnlf; one of phDtoarophd ijsed in innkinn map by 
plottiir. /rtnn Afrn Service Cgtp.u Philadtff^ia. Pa.) 

lith^ hu# IhM'O plotted oli hutp it i# jctnJcini on the ^ound. For detaifod dejq^ of Ehr prtpj- 
eet if ofroifi dmrabb to have hir^ET-ssnilp mapF along the final lino with of 

I' = IDO" with 2^ eontonr#. nr J* = dO' or 50' with U or 2' cnnlcrtirw. For bridgonile 
Ktudic#^ pralr might be 1^ « 20" with r ootitouiii. For fUt land, ^pol ek'VatioTi.H nuty In-^ 
taken to 0.2' imfleuil of ^h^pwing oontoun^.^ 

Fifnii-toviiinn iSwreep/, The «taklng of finat l(7E^aljoii line dony by ground aurveyiiij^. 
Artenttnn fw,** tn niodern praetiee of locutihg line by coonlLnaU'-; sin map 

ami then staking points up ground from horiaoTita'hwiPtrol monofnenlJ! p, 2-3k 
The othi'r field-w'ork ck^tnil^ nf final location are subtitantislly Elm nsme for both a^iul- 
pha^fi^flJHtHcirir and comp^f/e-grouMd-ifE/rery tj'pPB of TCitUe Jrtjrvey#, 

uf VrrPcIil t'lhirEilifCnLtib* ■det'iMkdji on Fiikjih pchIc- Io hn- rfMcL g/jr ef I' ~ 100' 4:ir 'Jn^E^ iiEuitri- 
yniiltie i*pulr wfpnijfiI* ■ ■'iOO' ii> l.nOfVj fkir nifttw. liliPloKrapELk' ^ f^hi I*' - iTiEC 

Ib Adiy' fur rrririirillibv4l4^r ntiM^.v EvjOiP^lE OiBpI ].ih!:iit<f>fl:imptiir 4iip> b? 1 i^f 

raifirr. 
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RAIl^WAV, HIGH’TV'AY, AND AIRPOKt ENGINEERING 

QufttiiiHentf taflhimfk for bidding purpoM'j lmn‘ uaujiilv bt^Mi luweti on rrosw wcibiii-'' 
tAkt^n on t}:v4? jsramijJ ulcidi; finpJ loc^tioa Llal^- Hue it m oaon' comiiKin ti> 

determine theae qujintitn^ iiunpor from venicaJ ph^iogrjkph^, it id now |)raetic&bl 0 ‘ 
to compute croes-SMtion a.n?M» and volinue# and. mai^^-dnifp’&iTi tanJiimtcif by pholo- 
Krammetric and elect mnic nn'tbfMfFi without pbttiii^ en>;w Wferinn*, f^prVoJ 

fTOhH Atf/MirtM would be j^hown on coniiiruct iuti platii for infomintloii of hiddijnc. 
diivt'lopmentB indicate the possibility of determimnit Jina/ fHifj far eoothwuiic 

fmm thi'se Larfle lLhhj where finiil nv-asun-nii^ntjt arv hnjuLin:'d for determination of 
quantitk^fp addilloiuLl phutoj^phi^ of coinpletrti work ^Jc iakvti to pns^'ide ifcL‘ci'S- 
sary infcirmiitifHid 

jf\iriviiw Jfir alher traUffporiatimi include soim' oF Ehe foreEodiK uuithodB. 

p. 2 -2G for jdrpurt lotuiim.] Route surveys for Emd IrflPMJTUAirfcFFi tinE* 

aju well Adapted to photoj^rRintnLitrtr tnelhocls. ^^urvbyi^ for rhe#e fAciUties incltiili* a 
recoiiiiEilssAnee nf ai'ailalale rouU?a. lo. geiteralH of TQutt is of prime 

ltd port Aiiee. A prt'^hiniTLH.ry Hur\'ey by pholaKi^tEntiielrie itielhcnb may not be needed 
AUiee topograp^by is oat fin imporiajit; a ii^eiiter-lirH.' profile tnay be siifflelenl. For pipe- 
liuii:», a ^Llldy of underground mnditioru^ lavairiance of ]i'd[;e TLHrk^ Lm ej^^litlaJ. Plsr 
nitrtL'tric sim'ejTS (without rc»ntoiiP&^ anii aurial phuioKraph-i ioFeeo oiFliiiue) are helpful 
in eotLlieetlon with abbunin^ rij'hl of way ami in approvral of hsieatioii. }>y 

latory bodies. Photograph ir nu'tbcMi-s nk-io unudul for Idration of cvinaJ^ and impractf- 
raer^ of Waterways. 

Amof in^ETprfialum nf wd and ii¥r?M^urXinn roEidd'iaaflK alLbunj^b dOt 

liinited lo rouEe surveys, is impe^rtanr in that field- It jncludes the invanabiF; use oF 
jiteretieeopt^ eKAmination nf all ekmenta of air-photn pjptern and an ev^uatioTi of them 
by an inU.'r|>J‘t"Tor whn haft a teehnieaJ and praetind ®enlngte backgmund. EEamination 
of ail air-photo elemi-ala inelijr|i‘a i^viduAtiinn of landfoim^ surTtketMimiruige m'tw'orfc, 
oitKiion, vegetation^ etc, Phnin interpirdatinn nf these gives Informatinn ai 

lo iceatiun, origui^ texture of pa\y and unennsnlkhited depopiip; type and stmetund 
rhaiacUTisUea of lt?dge rnek; dclineaiion of anea^ having good irLlefiial drainage and 
imperleel drainage; and IrKotiion nf probdilH? eonstructioEi problems or adverse eon* 
diiions. From thew air-pbntn £i-tudies it is ptissible to lietemuon loeatious where de¬ 
tailed soil investigations shaud be made nt the site. An Important feature of iu> 
photo interpretation is it^ wv in locAting soureco of sand and gravtil and potent ial rack 
quurrle» for construclinn materials. The inenrporation of alr-phnto soil arkd eotwtrmy 
tinn matenal interpreLation with RliindAni rnuto-surv^eying uuiithodi tvpn^Mits an 
im^H^rtant development in ree^^nt years,* 

ComparisoQ of Method 5 - Thr^ ^rrrfnf ipJioTiTi^aFameifric method Iloh many advantages 
ov€!r eomtilete ^aund utimipi for highway and milw'ay loeation. Thase iiudude spLid^ 
wonomy, a more ciF mmtnmsuanjx art4£E, and slrip rotwraffc of 

topography on prclifaba/rt/ wurreys. Other aiJvantages inelude the etiniiikalJon of 
staking tentative rnulea on the ground before final location b detr'rniinoij. Unnecessary 
publicity at prsliminary fit ages may be avnidedr Pholograptla Invaluable for ee- 
curing approval by publie authurithm, and for nh raj innp right of W'av, Aerud methods 
aFTord opportunity for irtudy of prewmt and future lajid use. PossiblE!! difadvajitagi's 
may be iniiceumcitrji iti iniiti if ground w densely wooded And difficult itnri of photography 

' itmaitA on lh« ■ppUrAtlnn of |i^(A4Wlllh^ir].'- La tunliwaj Lonlkm, uid tlrtnrtniad- 

l?j^ iiE preLiiplnMjy ipd ahit ijnnAtitiw-of wtlLi^k ii bcbiH m hy Ihs I'lulcwnnniijrlry E j.l:itinnpr>- 

oE DBrArlAifin t ef CivJ uid Eaguinmnjr, \l«P4iiprhiiBettd baliiaii! uf TMliiwtlui^ UAdar iHpMi#or- 

of tlfqiu^rtnnl nl i^Lolie WmOu Hhtl UJS. IS-iiitri'j -nf I'lihiilir; IrOyidd- Huhlmtun tlL 

Auimwt, 1057, "DiritaA TMmih Miidd AMPOAnh Ui HiKb-ws}’ I'^rthwyfJi IUa4 PigWir*tinci 11 A, 

'*' Ea/Pjwcirli: llmtu FftKairi^iaLt hfjf PhniUiffniirjinMLrifl olv lyjilnl oE IImi tUi-lkr 

Hrfrf t oqM Wedeo^ tl. n., A«ful P1u>tuc¥SpluE IqUrrerctatiMj .tlaifa^'nf, Aicgifutt, 

niftSs pjsd Qair. H., Anf^U^tkrtu vi Aii-pbato IjiUaiM^iicn (a Sail Suj^eVkn JVar. mp 

l^i£kw<tf*, W IT, Jixiie, IM3. &em qlin Efil. 
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whc^n out; the latter rjm qsuiJIy hi? f^wroorac by planninj; work ao iJiat ^hotof;- 

niphy can b& flonc m lat^? fa]] (after fulkfti- w itonc and before eKce^i^ anew covi-r) 
and in early aprinic < before In oyl and after mf}f^ of ^nnw has imdk'dK 

Relative cojrfjf per acre wil] <^Umyn be chL-A^vt liy phoiognunim^mc mctliod. hut 
ffiMuT per rou/e mife is iomt>Timf^ about the Mune. ^Vidth of topography pi, berttpypr,^ 
much greater by ai'iml niftbotl. (WTqim* route is cloudy 1 fruited!, incn^awNl 

width may not be nHMlcd. l Speed of pbotogratniiii-tric survey U verii- much gimtcr: 
fbghtH tan be made in rtbort periixl of time and tti|jognipbic map? fumy^luHl ndatively 
»(M>n after phologmphy and ground eontrol have txi'u cr^mpleted. The following rogt* 
of route Miuveye by phologramnw-tric melh»d with i^atiouted of Himplefe grouml 
i^urvey jm' available for mx frreway? in Califomia-* 


Averaj^ cfwl per mife by phntogmm- 
tneliie method 



IwOW 

HiKh 

Avefttge 

PeuTvn 1 

Contour maps:. 

S045 

¥l.S3fi 

St, 165 


Cluvrking. 

Rta 

355 

220 

It 

Addilioiinl fielil dalLa. 

m 

AIB 

205 

10 

Staking center line. 


1.035 

■\m 

23 

Total eost. . ..,. 



52.070 

100 


Tht efftiifiated etwt by complete ground surveys ^ Sa,530 pt r miU-, indicating a sav- 

Lug by photoRmtuitii^i rie meth<id of 41 perwnt, Avi^nigi' rot^l of ground aurveying (for 
lu-iiaf juelhfd) waji ?OC35 p^r mile lineEudmg cherkEiig, additiena] field work, and etaking^ \ 
comparison of thin with estimated coal of ikj nUic for complote gmuml sunTya 

iiidiealed a saving in maofKiwcr (to thf state) of 74 pcrciiit J i>er Rcm foe 

pbfilctgTflmmetric mjrvpy op exteiLdi>ruf of Fennsylvaiiia Turnpike tl^SO) were frooi 
Jl.oa to pt^r rtvn? iSOO' scale map wiib 5' i-onteurs, I mik‘ width nf covprapo^, 

Ounrrnt costs would probably bo at Eeast 82-00 per acre. 


CIRCUiAB CURVES 

Stmplfl Curve*. The aligtumnl of a railway or liigliway consists of straight portions 
(tangentjf) coiim‘ctcH.1 by circular curvea- on main-line railway trarkiF fkiiiJ on eomis 
higb-speid hlKhway-w, spiral transition mrtTw an^ inw^rted hiHtwfa«n limgcnts and eirru- 
lar cunov;. Circular eorve* are elaiwjd aa ainipk\ compoimd, and rvve!^^^d. A Hmpte 
rurve ia a Single cirEtiiar arc conni‘Eting t wo tangents. The ptiint whure the cun'e start* 
U the PC, and the I'nd of the curve is the PT. rPC w at the eiwl twaDl station (1 + DO.) 
The intciU-olioii of the innKi'ota exleuiJi-d is the PI lor V\. The iiiteniiTtlan angV at 
PI, which i-qiialff the ctmtral angJe^ 1* f. Important elemvut# of a simple curve am 
intersect inn iingle /, radius R, degrtv of curve D, length of curve L, tangi nt difllance T 
from PC {or PTJ to FI, long chord f? from PC to PT, txlernal dbtanec R from PI to 
mid point of eur^e, and middle ordlnat*' from mid-puint of rum^ to mid point of 
long ehiml Thn^ following fi>miulit-‘i apply 1 Fig. 2^ r 

T ^ R itiTi E - i?+!]^e4w t^f = iffsee lyf — 1) 

(' = 2R sin lif/ M - R veri< I — eo(i ! ij/) 


I yepia. l- f«, ‘‘PtuKiugMiiiipitftrj' in Locatirpn juid l>ivhilDdi iti Ulicb*miT. CklitHiirTiiK 

l>rp*rtriH»lit id Public Works, i i v _ l i 

’^iln ■ l««it pEnWigcrmnei-rtrir miirtty Ittr Okilwmy fijUKmtkrta. ft*t fflr KrtWIlJ riiobaliL 

aial PWP tl-flOO (not iDeluditig rfa^kin^. *tnltin^ Ibw. etc.l cattiput^ wlLh an 

by cnmptte «min4 min^i nil Thr tunr r^ioiwl tw thii jiMTihod ra mueb Im Ukaa 

T-or Evwind 
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i3ff Curve. Iti milw&y ad/A Mi^hway pmntirv fi>f dty flTvetnJ^ like 

iJcgfw oi ojrvp luiH hta^n Ki-i^rally aiiaptoJ ss a unit of Hhjkrpiuw. Th4^ in ekluicd 

either (l) a* the eenimJ evnile j^htepdfHEi by a rh^ tif 100 or {2> the eenlral ^ngk* 

nulitemledl by an n^r of ]D0 ft, Tth^ 
fkt^d ciohnitiuti "imj iiren ithiventally 
BilQpEixt for iniivray Although 

Knth pje in u*ti? on highwAyiep the orir 
dejimlk^Ei In ermlmitly repltteing the 
earlier cAW definitioEL 

The important relAtiom fkmong i), R. 
uikI L ub folbwn: 

Ocjiniiion. m 50/jdn 
R. ifur J* ctimO - 5.729-05'. ViTki^Ji 
D is small, Rt ■ 5,730/D (approx). 
L • J/D l^^£a^inne) - 1 OO //0 (ft). 
The lOO' fhvd vtatioti in unit of Itiufth^ 
L ij> like i^uuj of nueeeflsive chonia from 
PC to PT ineludiii^ nylkehurdif at fiikda. 
A re W34iO - 100/; 

= I3.0C10AZ> - 5,720,58/0, 

(for 1‘ curye) - 5.?20.58^ L - l/D 
(Btatlona) ■ lOOi/O (ft). The lOO' arc 
Elation in unit of leitgch; L in actual 
arc length from PC to PT^ Ditfunuieu 
bett^Tou arc and chord (a — fthin formula ii approxiioato but may be 
uaed when a does not exceed tOO'. 

Table 1 givefl R for different values of D for both chord and arc deffnitlona; also 
differimet! between arcs and chorda for ares of 100' and 50 'h 


TabW£ I. Raiiij fOB D&gh££ ht Cuoau A_vti Ano D^FiNmoxa DjrFfA£,vc£ 
aETWEE-s Auca axil Cuomia run lixy jlxd 50' Ajtcs 


1>R 

D 

RadiuH 

R. 

tehord 

defini^ 

ft 

lluiiiUB 

R. 

(arc 

dediu- 

ft 

Are — 

ebnrd 

Dlt; 

a 

ftadiuii 

<eh<>rd 

dciini- 

tiddl^ 

ft 

Hailintf 

R. 

(an: 

dufinl- 

Uonlp 

ft 

Are — 

chord 

100' 
arcp ' 
ft j 

5cr * 

' are, 
ft 1 

[ 

100^ 

ttrtd+ 

ft 

50' 

are^ 

ft 

r 

a.TZiLfU 

S.T21<,b3 


1 

0“ 

•537.27 

1130.62 

0.10 

0.01 

IW 

3.Rt!L83 

3,SID.72 


' 

10^ 

573.GO 

572.!W 

0.13 

0.02 

2^ 

2.Sltl,y3 

2,804.70 

O.OJ 

1 

11* 

521,U7 

520.87 

0,15 

0.02 

2^30' 

2,2192.01 

2,20 U83 

D.OI 


12 = 

478,34 

•177.47 

o,m 

0.02 

3^ 

1 ,EI10.0S 

1,HOW.SO 

O.OJ 


13*=“ 

441.GS 

440>4 

0.21 

0.03 

3"30“ 

l,li37.2S 

1,1537.02 

D.02 

1 

14“^ 

410,28 

40!).26 

; 0.25 

0,03 

4* 

1,^32.GO 

1,432.40 

0.02 

1 

IB* 

3S3.G<j 

33l.!J7 

0.20 

0.04 

4W 

l,2rA.^7 

1,273,24 

0.03 


Ifi* 

350,2)5 

353,10 

0.33 

0.04 

5“ 

1,M0.28 

I.H5.02 

0.03 


17 = 

338.27 

337.03 

0.37 

0.05 

Ji^ 

Qw-S" 

054.03 

0.05 

0.01 


3l<I.G2 

318.31 

0.41 

0.05 

JA 

810,02 

818.51 

0.05 

0.01 

lU* 

302.84 

301.50 

0.4(5 

0.00 


710.78 

7lfl.20 

0.08 

0.01 

ao* 

2S7.G4 

28)1.48 

D.Al 

0.06 


Functions of 1* Ctura. Far ore doffmtion; - Ti/O and E* - a hen^ Ti 

and El an; tbe valuefi for a I* cucy-e. For chard definition: T, » Tt/B (appiox) - 

^ A EmJHdkfitatbUk HfiuviimiB tiled ii A ■ fi,T30/£ n art rwiiltn uiv nmri^ rtuie m by 

ofi dwftniLtiGifi, 



Fin. 2. 8inipt» curve. 
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TJD pita ' eorrectloDH/^ and Et - Ei/D {appim). Mtwl t(>3ctbwki9 on muu* inin^fliying 
runtniii Ulilus xisdnii functioTU of 1" curv'te for viduL^ of /; their use ^dinplMeH 

tLi' compiitBtiiiiut^ 

For nJtp D U seldom used; ihc ajTt! U uhtikinefi djiMtly Tmia R mid I, 

Tlw radiu* in iwruaJl^' cheMmu as u mulL^ple of JO", 30', or 100'. Table 3 provides e 
simple melbiicl of bmitn^ the buj^h of me. 


1 able 2 . LKXOTtlB OF ClECOLAll AsCfl InOft UhTT 


J[>0gr0^ 

Leiigtb 

Minutes 

Length 

1 ScMxtndjfl 

Ijengtb 

1 

0.0IT'1S33 

1 

0.(]0a2lM]^t 

1 

0.0000048 

2 

o,oat9otio 

2 

O.OOChiSIS 

2 

o.ooQooiir 

3 

0.fl523Syu 

3 

o,ooas72T 

3 

0.0000145 

4 

o.oa»si32 

4 

o,oano3ti 

4 

O.DOOOJ04 

o 

o.Deis«u.'> 

5 

0*0014M4 

a 

0.0000242 

a 

O.JWTIDS 

0 1 

0,0017453 

0 

0,0000201 

i 

0.123;730 

7 

0.0020302 

7 

0.0000330 

$ 

0.l3t)«2tt3 

8 

0.0023271 

3 

0.0000388 

9 

' 0,1570700 

It 

0.0020ESn 

9 

D.00(XM8I3 

10 

0. It1532fi 

10 

0,002^1089 

10 

0.00004S5 

20 


20 

0.0053178 

20 

O.OOOtWTO 

30 

0.523£i»SS 

30 

0.0087241)3 

30 

Q.OOOI454 

4Q 

O.G<iS13I7 

40 

0.0110355 

40 , 

0.0001030 

m 

00 

70 

0,>t725l3Htl 

1.2217305 

50 

0.0145444 

50 

0.0002424 

SO 

1.3052(134 

J-Jjantple: 80" — 1.30tj2li34 



1.5707WJ3 

1 = e2*17'S3' 2‘ - 0.0341)000 


lOO 

l.:4S3*>3 

>? = 760' 

10' - 0.002!)OSS) 


110 

130 

1 .•ll*JS022 
2.0043^)51 

Find arc- length 7“ — D.CM)2tW3 
50"^ 0,0002424 

3' - 0,0fKKJl45 
730 X l,43!e»720 

- l{y77,2TSf 


DeRectiop-Au^le Method {Fi^. 3)+ Curvce are lunmlly laid aul by defli-TUDn anj^Lw, 
wbt'reby pninis are sol by angles laid off Troni tbi^ PC (or luturmediate hub) anrl chord 
len^ctfw tapt'ri from pTvrtwUnK points, Unlc.^ obstruttiofL^ interfere, ctirvt'if jui- run 
in from PC to PT mth tnmsil at PC. Defleedon Angba for 100' lengths aiv multipli-^ 
of Peflerlion aoKte in minuia for a length less tluui 100' <^ua1s 0^3cD Uhivd 

loethoil} Of 0-^1 /3 (qre met bod); tbe fomiuhi for arc deHiLtiion and involv'tv a 



FiO. 3. Drfllwtiqfi-aiiKEE fnpthdd of ]a>diifl oot Eurve^ 
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oegllpbEe approxiirL 4 &Moti fur thartS TuI aI dL^Ht^rliuii tf) 

Slid provides a cbe^t on tbi' cotiipUl.ittiuiut. H tu^n art ikEuiiion h cliuftl In’tiKiiu* 
umy be round by formula: a — r — a^/24j^. Poini.-^ opc' iv-«led Ifwi I ban IDO, 

n]3an, ei<^peeiiiJ!y on stnup cun'^w. AVhi^n rhe/rd di^linitiun v iwed^ p^niita 

<not ml full atmtJUEij) miiy be taped from preceding interruKiLale pointi^ (of frcmi full 
^tatLuii), bui fnf] ilatioiui Bhould be taped from preceding full etatbiis. 

lnlerm£tiiat^ StlRpit. Wta-n not practienlile to lay out eulLre eLlryp friini PC, m hub 
itram^it jukint < in net ml m cunvi-nlenl stalluii, mini eucve runtintnml frum ihen^ Ticu 
im'th(Hi'= ore nvmlinhb: ‘Ji Wsih mt iulermedlmle hub, lake ba*^kr«ighl on pivi- 

ciHling bub^ wTih platf sei ml iW defL-etjon mngle from PC to I he hub on u-AirA back^ighi 
i» taken, tif trimFit is al firnt intemviHiimie hub, backsight t>‘^ on FC. j Faire«igbt anj^i-s 
for tetiifliniiii? statioEis may then tie taken from the ariffitvd nulem ii.iL^ aa ihouich tnuuiiE 
wiv mt ?G>. 12) With trainsil nt intermedimte hub, mke Imkcki^igtil on prer^^iinK ht|h 

with plalL' Bet huek 4^ (or hcponcf) O'’ by one-half ibe ctiiittaJ mtigle btitwi^jn irmnfii jiqinE 
and tb.! hub um>iJ for backsij^htr iThb orients tnmmlt mt 0~ on the forof al 

transit point.) Pun^nighi lUigte to nejtl point lit ono-half ihe central angle between 
tran^l pckint and Hie point to bq Mfl. When inLemvmliale hub i* at a full stmllon, fore¬ 
sight angles to fijlUkHing: full rntmtiunm arq niukipk:*^ of MethilHi of cOinpUling **1^1! 

Ia>ing out a curve by dedecilon angles im mhnvrn by the following ejoimpb. 

i^rampfe: Oid Cums h\f //pjlcrfion Angles, triven / » D7'^14^ !> = 11* 

(thetd lieEnitioD). Station PI •72+83,*^- J?^ “ 50 miu * 521.6?’' (or from 
Table 1). n - if. Urn “ 346Ja^.^ L - mi/D - GlOP. PC - PI - T. 
- 4- 36.73. FT = PC L « 75 + 47.94. J^i - D.3 X 63.27 X 11 - 306' 

= 3"20'; = 0.3 X 47,64 X ll - I 08 ' ^ 2=38'; “ 5"30', 


If ilAoid / nfcmft/iofe 
TnmiilntPC BSO^OluPI 


SlatioD 

Chord 

Deflection 

an^e 

70 

03.27 

3^26' 

71 

100 

8=59' 

72 

100 

14^' 

73 

IOC! 

llCqftl' 

74 

iOO 

25=2,1' 

75 

IDQ 

SOW 

PT 

47.64 

33"37'(H^) 


H /nffmtcflffafc Sthipw ^ 
Stations 70, 71, and 72 set from PC 


JVuiwcif flujf up oi 72. B5 0 = on PC 
DsEtwtjon angle lo 73 19*^6* 
DeHeotion to 74 25^2ff 


Tramit *rt up cif 74, BS Id^' am 72. 
Deheelinn anglu to 75 30‘^59* 

l>e£lLHL-iinn aiigU^ to FT 


L mikr'nillr Truaflic m\ “2, bs—J4^»' (buri ftf 0“! Oh PC. J3i^attllju4i miktifa, !■) "3 ajid 74 mt? 

fi"30 'iijmI 1J Trmirtit mt T*. n^i—11W ilw* (n o*. 72. I^^c-iiun uqmkp Uk uid 3^ im QL°3n' 
Milid SW'. 


Notis- If Ai = n'* inre definitioijj. = 5,7211.58. II =» 53(3.87' (or from Table 1). 
T4 - 346.29'. L - bl 1.2P PC^ - 66 + 3T.2«. FT - 7.5 4- 4847 fh fleelinrt aikgli^ 
* 3^27', 8^57^ 14 27', 19^57', 35 27', 30^7', and 33'’37'. Chord at PC - 62.70'; ehord 
ttt FT - 4845"; * suit km " pliord - 9<J,S5'. 


Offset from TingonC Whin PC nr PT w iEtarei.>dHdble, it mmy demirmbli- to set 
a hub dd the eurve by an offjset. rrom the main liui|^;nl and then lay out iKe^ Test of the 
curve by JeHevlton angle*. In Fig- 4, wmimv. m in&eev'wible and ihni a huh » to 
tie met at F. fk-K Q by Imping from PI; fr-PI » T — 5f sin A. W'iih irmJiflit at G, set 
huh at f by right-angle efl-iet GF ^ E vem A. .S>l transit mi F nnd bmeksiglu uei G 
wilh plaseii set at (VW + -i) of 0^, TnitLsii m now onenled at 0^ on tmngent to 
curvi' Bl F, the n.*maiiidKr of eiirve may be run by deHeelloii wigEen, ehueking on FT 
wideh was prt'eion.4ly set from PJ. (If fjrF u loo mhon a bmcksjghl for mceumto work, 

t H tflbk (&r Tt b. mvmikWf: 7^ * 7v'^* + ix*ms:E»u ■ 3,W0.3/11 + 0.53 - 








CIRCL^LAR CURVES 


2-11 


transit may be dricnicd by on a "(nriiig {i*qxm\ to GF’i at P[,. with 

plated Mvt at ^ cf 0*.) The-. mHhod ol tan(;ftU ts often mvti lo compute 

eoordinatcfl ta pmnLit on a turve, rtfL^rmi to moiti tani^nt at PC or PT. 



o 

Fio.4 



Fio. 5, Hqruaatftl sight dbtacinti. 


Curve tluDu^b a Gi^eo Folnt 4). It h desired to find R for a enri'ct to 
thrnngli A, whleh hsiR bivo. lucoted by dutanec d imd angk^ a from PI (at by ilutaoi^ 
FI-^ and nghl-anele offeiet AB)^ Anuli? O-Pi-,-1 = 90® — “ u;0‘PI =* k/ttm t^/; 

ein {O-AAn} - ; ^ = ISO^ - iO-Pl-A) - ((XA-PI); R - 


AB 


ddner 




vers (A-O-FD ver«{f^f — 

Curre Wben PI Is Inaccessible (Fig. 4). Measure MX (between two poinis on tbo 
lah^nta) and aiigU's Fl-.U-X and Pl-A'-.’lf; the .^m inf tln^^! angle? equals f* Compute 
Pl-3/ and Pl-jV in triangle 3/-PI-.V. Determine D by any desired nn^thc^l- J?^L PC 
by [T - (Pl^.V)l fitim M and if«t FT by [{9UX) - rj rrom N. 

Horizontal Sight Distance ' Fig. Si. If K w coj-iorr of a boildiiig or other obfitnjtitioD, 
sigiit diatimce from A on runti i? AD. Mt^asun? EK at elm eh-vation of 4.S* aliovt^ the 
pavomeist whieb hi-ight of eye for a rar ilrivrr. EK - M (middle uuimmo of curvo 
AD). M ^ c^/2l? “ C^/8R (approjr}, Sight di^tane*.- .4 0 * (approx). 

For otbor ooiinateis from a ehonl^ the foltowiiig formnbLs are in^eful (Pig. Si; HH — 
.If - FH - :lf - (M) {Er-)/iA^)^ rappmx). Ab*o IIB « (AB X BD}/2R (approx). 

Change of Location (Fig. 0). Three tangents aio origimJly eotiiieoti'd by eurvea 1 

and 2. Rii^uirod to inovG the middle langeni Into a parallel position p cli^^tant from 



FtU. S. Clkange of loeatioo. 
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original Idc&lion, AsaUtrtJ-' ihal t?urvT 3 in to tatve tlw rwtm? as ciirv<‘ 1 and ituit 

clegTw nr [furvt 4 h to b« that PCi will be oppcMdto PCj. PCrPCj - Pli-Pls 
» p/ein 5 » pent Ji- n - Ti + p eot /•. Ri - Ti/Mio 4/j. />* may be 
obtained from /?4. Cknnpum station PT* based on the nnvnl vk eurv^'a 3 anil 

4. r = T# + p/snn h “ - p/hLh h + p c*it /a .Stalion PTa 4- r will |?iw location 
nf PT4 on angitud Flat inning- A filiation'' shonkl bft showu at PTi 

gjivini; its Ftaiioning on both oripina^ and alipniH^ntjt. (Non;; Dtifnit'?' of ciirves 

Z and 4 could have been choswn in other wayie^ but the gpni^ral tm^tbo^i of aoluttori wuidd 
he the same,) 

CompouDd Curfea. A compgund curve is Tonned by two drenlar ctirves having a 
romnieu tangent and a coniioon point of tangtricy PCC, the curvi^ lying on tbr^ «inw 
Riik- uf the common lahKcnt. Conditions nmy such that no idogV (Hiinple) curve will 



be fiaUdfaelory and it b nccndBary to use « cumpuund cuni'c. In Fig- 7, Rt, Oi, etc,, 
riifer to flatter curve* anti R 4 , etc.* io sliiiurp(.T one, Ti ami Tm an? ioiid tnEsgent 
dbtancea from. PC (or PTi to Ph f * /| + fj. Tf b alwavKi grk*ater ilmti Tu- Gtccn 
Rlr Rm. hv fi- To^nd Tft T^, arul station PC* FC-C, and VT. PC-A — A-POC = 
tail PT-£f ^ iV-PCC Rt taxt Solve foj- A-Pl nittl B-PL Tt *■ PC-A 

+ A-PL r* - FT-B d- B-PL PC - PI - Tt. ^taaon PCC - PC + IfX)/;/ 

Ut. fetation PT « TCC + 

A compound cort^e may he inted to titvtm* the kwation at om^ end of a simplt.^ ettrve, 
In Ftg, Sp PCi-FTi b criginjil curve. The ta±L| 5 i'iit Ehruui^h 1^1 b to be moved I'nimrd 
to a parfllli'l ptwiition p distant from its uriidiLal locatjoa, and the simple curvtT k to be 
compounded to fit lYw reviai'd tanp^t^nt. Slatlon POC may be pt-l^wted and lu^w ruiiius 
/fi rompnifd* or vice VEirE^a In either caet^ AH = p « (Bj — H^'i yi^ra It » XJj 
(PCC-PCi)/100. /, - / - h- Station PTi = PCC -h lOO/./A 0,A - (Rj - 
sin /*- If tangent is mnviHl ni£(W!nrflp nea' curve is flatter than original -•ampte curve; 
the samr type of solutinu may be used, 

Reverfied Curves- A n.werised cun^»^ ifl fnrmt^l by ta^o circular curved having a coni- 
raopi latigeiit ami a comniuti ptAnl nf tanguncy PRC+ the curve* lying on opposite 
jddfifl of the commnn langenL Ei^verwai cun^«i are of ton uwd to comiect pamlle] htses 
n* shown in Fig- 9^ In thk caae h “ fi ■ K and PRC hco on straight Shie conueettng 
PC mil PT„ p -i o -F fe =«= v™ t. FC-A » ^ cm S^/ = [Rj -h Rj") pin L 

Orrlinarily, radii Re are useii: Rr * p/i2 Vi^rs />; PC^A ■ 2Rf pin /. If PC-A k 
lls.^ Umitinii eModition. tan > 4 / « ?i/(PC-A), and R^ « p/{2 %'era f). 

Whm nect.'KHiry to connect notipafallel taugvnta, the problem uiay be rimplilied by 
retlnring loa ra^ of paralirl tan^j^-uts and solving as ahovu. In Fig. JO, tauf^ntn malo* 
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Fm, 9. RevonKPci mrv& (pEirallpl tin- 
K?nti) 

an Angle of o with eArh othiT+ Givpn Or location of FC, j> — v^i^w 

-t- (PC-f» fin *- 

venf h = p/{Rt + ^i) ^ + o 



Fto. 10. fttm ^nonpanOld 


PT-43 » (PC-f» cos a + fli ran o + + /f|) HR fr^ 

Compound btkI ri^vtrscd Furv«.'s aro alfo ti«MJ to cormtvt the sqdeff of intorsecting^treotf 
vtfhon ant or bolb Iiavi' cun-ofl alifpimcnt. 

Highway Oeomatric Dcsiga. Many hiRluva>Mlo!<iK:ii problonv^ kivolw^ in paiii- 
and intrrehnnBcs^ MclhoO-'i of compiatiition involvi? tbr prineipU^ of 
circular curves pu^aenied bciv but the gconn^tric d«-ign hi mun? eom(JicflU^l. TU- 
u^n? of ouordiuateH often farilitatt'# th*^ cumputAtioiiif and the -HjljAjquent staking of 
poinm In thi- &eld. F^guu^ 37 ^how» somt^ typical layontA for wbicb detailed caloulatioiw 
Ml* ufteb tUicdicd, 


VERTICAL CURVES 

PdTbMic fUTKt BW iwwl to ctiniitrt ifnidi- Uimw of rwlwBy, hishway, anil 

airport runwav profiles. Olber dvU einsinitrinft applimtions inoliido their u/i- for 
iramvem* ero^ii of a paveiin-nl, spillway section of a dam, immbolir aroh of a Undup. 
etc. /forirontnf paraiialM- purv™ an* \u>»d oceasioiudlv for mwli m liiici*ci»pu work 
whi-n laii»i-nt h>ni 5 ll» are tlcsiiwi: «ieti pumw can be laid out by oWiflw offsets 

from the lanKKiit*. , 

Method of Computation. Vertiral curve elevations are ucHk-J at emis of cunre 
Iheit and nr) at all lull statioiw. and oTroii at nddilioiml jKiiats. These clcvalinns are 
iisimlly obtained bv applyin* vertical offsets lo the UmBi'iit (grade-liM) elevations. 
.4 MV cm™, occure when a di-srendins Rmdo is followwl by an awtiidinn gnuJe nr by a 
flatttT (lescendiJiB one; a mtmmit ciw* occutu when an asreiutLifi ffrado i» followivl by a 
ilescendioK gnide or bv a fiaiter a.'cfudtng one. GradffS [fli and psl nro t'spn'HMid a« 
perwntaci-i of ris.* l« hoiinmtal dLHancc. lAUph L is horijcnial dctanire fin lOO-ft 
aiatiorw) rrom tiv to ««; vertical curves iwtially exu-ml HL (stations} cock .uk> nf 
vertex VJ The alitebraic diffepcnci* in gradients A ^ Si- St ibe elepti of a 

para>.»la chaiigua uniformly throughout its length, the rate of ctiungc of grade r per 
staiioh couals 4/L. The vertieal cun-c bisects the tine from V' to ntid-poml of chord 
conm^iSt tro and CC. IU.ferring to Fig- 11, .V - £1' - (As a ehr^ck .1/ - 

AL/i.) tjther aff»ets vary as the «niarM of tbe dtstanres from tor {or «c3, p = .Wi=/ 
(!^)* Elevations tin vertical curve, m. computed by tonjp-nt offsets, may bo ehi^elcDd 
1 ir im™ «t«l4ii M nyMklWf KtnHdiei* iid# <if TWitti. pimbthlM muj- 

IE Ti^rtaisil iMirw Th» »iJl bI M- tw^inl! twltririly lOT bd^wl Hb a 

'£rASr,;SiM ™ ^ ho. p=b.l L O., ^ Itat 

Tv^s«b«vs .« Wii*. VW1«. 
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by the prindpk^ (if amtifgFii dnw ihc fslnpi- nf tb.' pamboEoL 

uniromily from mittal lo fiia\ Uingenl. (Fnr lOCbfi j|4iEii>nF, tho roiurtant ''wccrui"* 
diff^iivaoe u A/L or r,) 



Lowest or Higtiest Point on Vortical Curve. Lt muy be RcwiSAry to finrj ststiiiti 
ami devotion of the lowt^ point on u curvit or bghpflt point on a mmmii eunv. 
When gnuft'S are equmi, these poiiLta are direelEy idH^v'o qr IxOow but when giwht^ 
are unequnJ {and 0 / oppmiit the points lie betw^^m V and Ebe end of curve which 
ia uu the hatter padierkt. Ttk* ^lopc- of the taup^it ia iero at thi'-se pcinti)^ Eleferring 
to Fig. 11* -^1 + rri - 0 or jfj = tfj/r - &iL/A. yj - 

JFTDTnpfe: (See Fig. 11 h and meeofnpiinying table.) = —3.2B?^ = +4.40. 

L — 8 stationsi fSOO'K. V =■ elevaltou 91.78. A — — 3.S8 — 4.40 = (—IT.OS. r - 
A/L ** 0.90. Elevjation li m. iCU.ftO; elevation V = 109.3S^ elevation f> * rlOl.M + 
109,38)/2 - 107.14. M « EV - - JM. iM niay be rb^tkeil hv .4L/S = 

7.68.) 1/1 (?tatiorw I7 and 23k - ,V/(4)* = 0.48; btatiouA |8 and 22) « - 

For lon^ jxiioli^i « &iL/A » 3,42 Gtalion? (342'). yi • 3f t3.42)Vf4)* - 
5.61. Loweft point io elevntion 99.29 al itiition 19 + 42. 

The BeJecdon of tht: length of vertical curve is dMciuiKd for nuEways on p. 2-26 and 
for highway^f on p, 2-7 L 


Station 

Elevation. 1 

on inUgent 

fqr 

rurve 

Elevation 
on vuftsml 
curve 

Finst 

difft*fence 

Sewnd 

difference 

m 

IGI.OO 


101.90 



IT 

101.C2 

6^48 

ID2.10 

+2.S0 

0.96 

18 

08.»4 

1.J12 

m.m 

+ 1.SI 

0.96 

lil 

05.00 

4.32 

SnL38 

+O.SS 

0.96 

2Q 

01.78 

7.68 

99.46 

--0.08 

0.96 

21 

00. IS 

4.32 

100.50 

-l.(H 

O.W> 

22 

100.5S 

LSI2 

i02.30 

“2.00 

O.GC 

23 

lOl.OS 

0,4S 

103,46 

“2.96 

OJHj 

24 

100.38 


i09,3H 

- 3.92 

19 + 42 

»8-Ea8 

3-61 

frtL2l> (lowtrsl pciuil) 


SPIRAL TRANSrtiOH CURVES 

Sjdral IroTuiluTn ci;^t;^4 are used between tangenb and tirciilar curves and between 
bimnchefl of cocapotind curves on main4ine railway tmckn. .\lt hough nut Htandard in 
hlghw^ay praetiee% ipiralB am used io extent on tncH.icm kigh^peod mqteA. 
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spiral CtuT-e. Mvond lypw of «piniie« iirv mc^ of tht-m hMed oo 

A rubk curvL- having thi? funiliuiicntal property thiil iho sjHrai 

diftclltf uiitk iKt length. OtJuT cotninoci npiraJ n^lationii niv (I) eenual or npM juigju 
varic* as tbs squarv of k-ngth mlon^ Lhu spiral; (2) angk from T:^ (of to 

any point on the ipiraJ is one-!hird thy apirai aoEk- at that point O) offact froro 
main tangent (^tisniied) to spiral iTUiEai or tbi' nib- at kingth aJong the ^ml; and (4) 
liiiigth of oireulai" curve mended harit fruta SC ttnward TS) tlifougb total spiral angle 
is one-half the leiiKth of spinJ- Figniv 12 shows application of epirale to a eireular 
curv*. 

D »diT^rtc of ctreular curve; d - degree at any podnt on spiral. 
L » total spiral length; I “ length from 1*^ (or ST) to any point on spiral. S ■* 
length L in lOO-ft statiodsr ^ “ length i in atations, ^ ^ centra] {or apiral) angle 
of whok! spiral J £ - spirtU angle frtJin TS to any point wn apliak A - deflection angle 
of whole Bjwral; a - deflection angle from TS to any point on spiral, k « incrvaac 
in degree of ciirvatnre p«‘r lOO^ft station along the ^piml. B = oiientation angle from 
tangent at SC to TS. Fand^ns me in fea or de^^e xifdw ofA^r lwm iwfcd. 



Fso. 12h Spiralji (ippllcd lodrcular curve. 


Formulas for AREA Spiral. O *» fr-S « IrL/JflO; ef ■ A'j = if/lOO^ DLf2GO ^ 

(A = L/2F In radtansl- * - df/£00 « A - - ^5 « 

bAj** - Ar-/L\ n - - 2-4. ii « - 2fl. o - O.HMiS, -V = L - 

X.-x- fJritiA * y - 0.5S2A.^ - 0.0fflX»l2fHA*ii. 
eio^'e + o, r, - .V* + r, -h 0 tan H/ (where tan 






Z-lt) RAILWAY, HIGHWAY, AND AIHPOHl' ENGIXKERIXG 

ST « + 07.17; A = 1^40^; H - 3^ * For lO-rAwW spml: - 0^)1^! oj 0^': 

a* - OW, 


Textbooks on route stirvyyinK uj^imlly ecantoiii tAbliz^ ipvin^ values of A, a, .Va, J\ 
and defleotlon ariti;]e£ for thu 10-chorti spiral for various eomluiuilion? of L aod D * 
The difwd drfijuE.ion ol /> is usecj in miJway work, whervuit iht arc dehnition is iaercad- 
ingly used on hif^Lwn-s^. 

Laying OttE Spimle hy DefLectioci Angles. After 1\ is computed, T^? and ST are 
tocaicd by taping from PI (or frtim ntber hulwt on tiic taniypput-b The fiimt spiraS U 
mil by deletion angles from TS to SC. Tiarmit is tb^n set at SC and haekHi|tht taken 
oti TS with plate n^ding —24 (i.c.| o/ 0^). Full Htation^ on eircutiir curre and 
CS are then a^t by deflection angles. Tmiiait k then mX at ST and spiral run to CS 
using Lbi.‘ Eame angles a^f for first B\An\; thu (bid-work check is obi aim'd at CH, 

In fltaking by deHoction angles, it k ronveniciit lo divide spiral bio » number of equal 
chonJa < lO ia common). The initial defk-eiiou aiigEe m ia ealeulatod for the first choid 
pbcit; defiiciion angle? For folbwuig chord pointji are Uj ticooH the chord uutEibuia 
A^orfd, IT it 15 necef5^r>' to continue spind from an int^rniiKlbite tnmsit point on 
apiral, tbo following method may be ujwd. Backsight on TS with an angle set nff 
{ba£k of 0“) (jqufll to twice tht' di^fh-ctkau auKle fftim lo tranait point. (Thbi orients 
I raiLHit on load Iofij^fU ai t.hai pobl.) For a following spiral point, the deflectlou angle 
for a dtcuUr mrve having the mme ha die sjwruf at Ike itaiutii pohd und a length 

£M:filal to dLstance fmm transit to spiral point is then raleulutoil; to thu ia added the 
dtifiertinn angle for the sHiTw? length of PpiruE hut iTalcuEatcd as it would b' from TS. 

Staldng SpLrala by Offsets. The spiml nuiy bt> Flaked to the mid^point by right- 
angle offsFts fttini the main langt^nl bsteinied^ aoki from tbm^ to the SC by norniAl 
Imdud} oEf-MFt? from circular curve texteDdid back fmm SC lo ihe "offset TG"), Tlie 
eJfsct at tht* mid-point equals anri the olWr off^ts vary 'm the mbi^s of the db- 
taciccHt fmm Ta or SC. fnjiu tangent are equal to thaw- from circular curve 

for equal distaOM from Tf' and ^.J 

Applying SplriJ to Cnrrqmtiiid Curve. The k^ngth of spiral is bai»d on the difference 
in deitreesi of curv'^aturp oF (hf^ branches of the compound curve, Elenumb of spiral 
may bo found by the formLElnj; kIvcti, using the L iiek^Jt^.‘^J and for D tb* difference in 
degm^^ of curvature. S^ral extends ^L each side of the offrtet pobt of rompouiMl 
curvbtuiv'. ^piiat deflects from inside of flatter curve and from out^dki of sharper 
curve at ihe pame rate as it would from a Tangent. Spiral may be staktd by deflection 
angles from cither end. If irateiil located at spiral poinl on flatter earvJl rising 0* 
when sighting along the tangeni lu the dreutar curve, the dufti-etion anglip? to set 
points on the spiral are equal to thr- deHecilon angleN fur carn>sponding poinlji on the 
circular cum (extended) pliw the dufit^Uon angle* for the spiral. As an aiUrmit* 
method, sjiiral can be Flaktd by offse ts from the two cirtnliir cuiv^m in a nmuntir dmiUr 
to that previously described. 

The wlection of the length of spiral is discu-wd for railways on p. 2 -27 and far high- 

WBjn on p. 2^^- 

SUPERELEVATIOB OR BANKING 

A vehicle travLling around a curve of constant radius at a uniform veJudty oxerta 
an outward or centrifugal forco F (pounds) iquat to m which W \s weight of 

v-ehtde CpoundsE); e, velocity (fei^i per secotid}; jj, acisili-mtion due to gmvitv i foet per 
second per necond); and R, radius of eurve (feetj, Thti outer rail oF a curvisd track is 
MupereUvai^ (elevated nhave inner rail), and pavement of a curved highway is ilhped or 


M definition (fi OJm iwd: Jf, ■ W.OT! T, — ii(iS,fl(2L T, - 99,97 + 802.(12 +11T1 • MlSn- 
' r « + ■ <S - ™ + SI7.32:ST - T8 + W.aj, ^ 

I pvwii k JH ^^1 '*Mi■■ k.I^CjMb paj^ya aHi.^ Td .xuc_i. ll . ■ ■ 1^ vhv ■ ■ ■ _£_ . 


nt 

station __ ^ . ____ _ r- — up -r j 

. D.c.}tuiuim 

lalsIiVi car ■- hhU! Infiftli apiraJ, buod qq on: d«fildlbDxi of w f 
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to counl^rtLet in wl]ci3i« or m part the n-ptrifiii^l force of the niovin}; veMeb. For 
eguilitiritim diipi!ft>leviLlji>ii, tilt* cxmlnruK^I forcif must tw? wholly by Itn* compo- 

iiuiit of the wdi^lit of vi*h|r!i* pdmlfel iQ ilw plfwie nf eupcrelevittioD. A^umiu^ that thi^ 
Mtjilicix fcircf* acta hotf^ontaJiy (a i^Kght approxtinarionl^ F/W = f, in which. ^ is 
the alopi* of the plvu.^ of siupi^rL-levnl ion or linnking (fotn of rwe per foot of width)* Suh- 
nliiuUng for ^ nod oluingin^ from r ff«i pi-r aoeond) to V (mph), the rollowiii|[ 
formiiin for (gwtfjtnVni tiupcrel^valion is obtained: e = &.007f^/f? {sonietJip™ os- 
prenm^i a« 

For Ptand&rd gagf mi]way track, ihf formuk for ^uperclevalion btieomefl 

E - (O.OfiTDV"^ X 4.GSS X l2)/5,730 -p 0.0007U1- 

in which E U ^peneleeation of outer rail^ In., and D the degree of curved In 
praetice olope or baiLking k eicptessed in feel (or inches) per foot of pavonieiit width. 

VMienevcr ihe aeluMl iU|>en.-3evation is made Icik ttian thnl requiitd for 
superalevatjon for ^’chicles traveling at moxiiDuiD authonied speed on a railway track 
(or at probabk- moxiinuici fat whieh automotive vehicles are likely lo be operate 
on the curve), aujjcmli-vation or banking is referred to as "unbalanced/^ The? use of 
soioe faim of urihofapiccd auperelevalion IS eojumoEi In h^rth railway and highway pnie- 
lice (see p. 2^27 feir ridlw^ays and p. 2-SS for htghw'ayal. 

EARTHWORK * 

Roadbed ^etiema The width of eubgrade dcpt'nds upoti the chomctcr and dimen^ons 
of the aupffrtttnicture—ballast and track for ^al^u£lcn^^,- paveinent, hose ccattoei, and 
abouldens for ^n'^^maya and airport runica^. Figure 13 abows aimplc croas ^cctjotis for 



fialtre«d Highway 

Fio. 13. RofiJbed aoctionH. 


railways and highways.* Hide nlupcr for railway# are commohly 1 (horixoiitan to I 
(verticflll for earth cuts and fills, to I for cuts in ]ootf=e rock, and ?4 to 1 in solid rock. 
Hock curs art' blasted to fi' to 12* bt4ow auhgmde. For highways, slopi s of 2 lo 1 arx. 
preferred for high cuts and fills, and 3 to 1 or A to 1 for low sections. Airfiort timw'ay 
w'etionii sometlitws have rhIc slopes of .'i! 1 or 7:11 or even flatter where plane cli^nuicea 
rH^uirc. On railw^ay work siibgradc k vither Rat or crowned slightTy from the oanter, 
MuperetevatioEi on curves is adderl in thi* ballasts In highway prartice, pa^'etnenl and 


^ Ccn|jef Mu wqtw of imLb ll 4'11- It* 


■ r*if otlier wMTtkra?^*** Fi*, IS Fw*- 33. 3U. anti 4* ^hihirRyiiJ, «Bd Fi*. 00 luriww). 










2-IS RAILWAY, highway^ AND AIRPORT KNGIXEEBIXO 

bAse materisd* arv usually plAmI in a ; subi!fr4di' w bankf-d on and 

is widi^ned if ibt pavenwnt Is widened on phnrp cunen, fa^^^minl rourses an* 
carried iwrrof^ tJia full width of tb* i^ult|p%lv elUniaatkig the tTenrb-t_v|K! 
^^ction, flwl the ^lojie and ditch Laterm:ticraa are ^emetimes rnO£iHii*d off with vertical 
corves \,¥i^. 

Cross S«Ctiwis and Stop* Stakes.^ Crose ecctioiiai are taken of urlstaal froiind at full 
atations (or +SO^s); at intemwdiale poLntJi whera unround proffle at '‘grade'" 

points win*rc «ubgi^e psw*^ from eut to fill; at PC's and PT's of curves; and at cul- 

A’ert*!, stream crowsitijjs, road interaeciioiiH, etc. Suffi¬ 
cient points ar^ taken on each trow soctiati to Ji pre- 
AeBt tbi' pound properly, dimen^Aona and elevations 
bt-Lcig recorded lO 0-1 ft. Tln^se pound crows ecetlous 
tu|fether with ihv priiipo?H*d grading ecctiuiia an* the 
fiasis for prebminar^' earthwork calnjlatious, A ftoal 
rel uf erosi^ mlinrifi is usually taken after grading is 
coiiiplel 4 .*d For ibiLenniiiiiig final '*pay’" quant itbw. 
On railway work and midor highway pading prijjecb, 
slope stakes; an; set whem side slopes mteniftct ibi; 
onginal gmund; ^^-0" stidiL^are set at ^'gratiti'' pninifl, 
J.e., where gnuie passes From cut to fill (Fig. 14b 
Three intemw?diatc seetionfi are taken: (1) where eiii 
runs Dui on downhill sjile, (2) w hen^ center line is at jrraiie, and (3) wbi'n" fill runs out 
on uphill Cldc. (Outs are recorded a? and bib uh — -) Notes appUeabk- to railway 
practice ami corrcffpciodinK to plan shown in Fig. 14 are |£t\en blow: 



Fin. 14- Plan of ciuth^fork (pa^ 
iua [[7340 cut ta filLl. 


Fiul 22' ajsd Cit 28". Slopes ij^:l 
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Compulation of Volume*.* Mfihsxi- Earthwork voltinu^ are usually omu- 

putiai by the ft\T^ra|p.'^fnd-arca nietbrd: 1^ ■ + At)ly'2T; V in cii yd, .4^ and Aj 

in 6U ft, I in fL An'us may he eompoled [rom emsw^^rtion note^ orrtfitained by ptanliu- 
cler froiii plniUtl ero«i Si'cltoiu. Ah'as and volumefl of eu1« tttsl filln nmait Iw c<impuri'4l 
ifeparately since paymfnl is lja^-d on quanliLMEs. For hi4d^w'ays. eniiga sections tuv 

plotted to a seak- oF 1" = Iff ior 5^)^ and the entiru area, jneludlng ilitchcst^ iletennined 
by double fuj:i of a platunieter (nllowalde error Hf I percent For luigp areas,, 2 perrent 

1 For 4 VClJiEKi nf tttkini cim Mcliodts Mid MrllihK wAnpm I.'^ 1 uul 

1 - 22 . 

r Etm pk. For pkmUflnvn^vlAi; noUmili gf iloiofmLiuim erw oeetiofu [nua tiLiiaicrapb# sect olwtrvpi? 
vitChoik of oalcoUlina ud rduRHM. 
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for fir-ii BnMti). To fuilitaU; plotting, templAtuH mav be eut to tin? aliapc of the grading 
iMMnion; utu' for rut witl onr for till. J^rnir-tirot* « nimpU? ' hBUnctJcl gnniiag jMtion" 
(KiB. 13) l» tuwl with gnuJis luid width tbat grading nimntilius wilt!» I'qual 

to that for ihr aietiinl mburadc- For rough calculalioM. “levTl -wticma" (rubgradt and 
gmund liw both hoiimiitiil) tire iwmpteiiM-s asaimid with heighte Miual to tho*? ehcwn 
on aoiter-linc prolile. 

A mnthematiiial mi-thod for compuliiiK area.* from crow-eection noU-a whieh is ap- 
to any shape of seeiion is as follow* ■ (d ~ dl*tan« from renter line; A = height 
above or below bneo elevatiiii.): "fo) TIh' notes must show value* of d to eaeh edge of 
l*a», (h) UflL' arliitrarilv the mmiw sign Inr vnliiea of d to left nf renter, plua sign to 
right of oenter. W t-’* tainm dgu for tmy vdui- of A Ijetow t ho bas? gtiole i n out* (as for 
ultk- ilUcbin). (tfl Notts for poinw on originat *urfan> of ijroiind should appear in brack¬ 
ets, The tide is: (J) Mtait at any point; «»> every vaiuo of A in oidtr. priocrHcding eiock- 
wi^- around the figurp. i2) Multiply earh valuj' of A by (fi» - di), using atBobntic 
values, (Hen- if, repnwetit* the value of d for point riL«t in advimee. and d* for point 
tiBjct bnrk,1 (3) Find Om algebraic sum of fhL>«e, and di rtd* by 2." 
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Prisandduf /ormutu mav be used for ™luinR. when the averag^ml-area ^^bod do« 
not give the diwired piecisinii: such a» ronerete voliiin« which carry a high umt price, 
and lunK tapering earth volunies (like brid]»‘ approaches i wlien computed m noc opera¬ 
tion- Tin, formula is T - l(.4, + 4,4„ -H wiwo- dr and A, are an^ nf ™d 

tiona, .4„ ia area of mirf-scrfion.* and f ia length. ,j u , 

fompatintf wriAirerl- imfamr* bcfiwrn original aed/t«f weroar* provtdw «. nlter^le 
method which is particularly applicabh- to grading for highway mterfhangw, etc,, where 
the uiK of verticu] fperallet) croM sertiona is often rather (vtmpliMUd- 

JJorrea. PiU. Two methods ate avaiinbh- for computing v'otume of matcr^ ex«- 

vated fnim a harrow jaf.’ (J) inki"« ^ 

to a roovmiieiit ba«r Une, eomputing areas hetwwn these wtioiw and obtain^ 
by avermbHcnd-ama mcthoii in » tn*n,mr similar to that for road section*. (31 divtdii.g 
pit into a *V*tem -f sdtnt"*, ™ “ side oleva ions being taken at the 

Lnenr before and niter oxcavatioii- (Bom.a-pit mtub™! is appi.rmbltr to ileteraimatioit 
of vulunaw of fill ia dmilar manner,) 
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2-20 RAILWAY. HIGHWAYp AND AlRPOfiT ENCHNEERlNG 

Horrciw pit fUg. IS) mei>" bo divided into ABCDEFGHl (nme jsqipue# ct on m side), 
TiifwigJj' HGL, HJhd inipeEciiii 

Viil ABt-DEFGni i.cn >d] “ a-\Xiii + + ;^di + 4ZiJ4)/(4 X 27) where ifdi a 

thf sujn of lu‘%btB (depth of eKCivution) of ooniem oeem- 
ff ritkg (met, Sd; iu the of heigh Ik orpurtiiig cle.; 

.4 ia ft cofTiEr uiicd once, ll twice^ F Lhn'e A/ four 

C time#. VoL UGL - HabiM + G + L)/(3 X 27). Trupis 
loid ////«r nt&>' bii computed by drawmg diiigox;^) Jlf 
or /L ttiui noniputed by trmiigulftr prvnun. eis /fGL. A 
better met bod in to Liiterpoktu for heigbt nt A"; then 
vul. niLK - oiit f + + L + A')/(4 X 27J. VoL KU 

« Ha(a - WtA +L^ J)m >C 271 
Haul and Dia^unJ llie totjiL iimoyiil of haul h\ 
the product of vulmne V mowd and diBtoneo {in 
lOO-ft gtauimii) bcitwix^n eentons of gravity in cut and in 
fill. OfwrAaid {provided for in aome oontraotjnj “ V X (it.*, — fliPt in wLieh/^ ^ free 
tmal limit, s^inK it ia cot practicable to locate the center of gravity {c-g.) of an entm* 
cut, baul UMiadv iA compuled for ^^ions of eartbworL 100 It long. T^ie eBctiwdio^om 
ftimi^hes a graphlraJ tcK-HJiii for deterznloing in advitnco line nKwt economical meihoil of 
handling the work and/or fmding tbs actual amount of overbaui lltmt haa been dorie by 
the eontractoT- In highway practice, thtr grade line in aiJju^led «o that quanGttea of cut 
and fid (with prrijier allowance for -shrinkage or awolL 
agL-i will haiaiicL% ajf- far practictdjie, witJiiu reta- 
lively ^hort dlamucea. 

The diagfam w a cumulaiive piul of earthwork 
quantlUea (after adjustment for nbrinkai^e, etc.), 
cuta bung deiignated '^plua'* and Ollii “minuF/* The 
onlinato at feuv point ia thi' euumlative volume of 
cal and fill lo that point; i.e.^ BJ in Tig- Ifl i^pu’w^mta 
I he cut b;two«Mt A and H as indicated on the profile. 

The iliffcmnei! in ordic&tca, SUch fts to B amd to C 
Oil DMwe diugnun is the cut from B to C on profile, 
difTereneo bcttiTon ordiruilc?^ to C and /> ta mezLaun- 
of fill betntsen V and ctc- Cut and fill are bal¬ 
anced between B and D, betwiwo D and F, and 
belwei^n overall balance p^jintH A and G. Areas of 
loojw BCD and DEF and ft'ctangle BII iJ cepreiicnt 
fri^o haul^ Overhaul is sum. of ahaded aretis ABJ 
and Lci urutu of yard-Klationfl.* Areas on m&ss 

dtagraip are obtained hy planimeter or by dividing 
into rcctangkfi. trapcioidfi, and triangles; tops and 
iKilloms of k»ip5 may be lakcu a? parabolns (area 
on profile indicate ddeclion of hnul of mntcrml 

Figure 16 nL^piesonls a ease where the actiial cut w&a found to bu just iidbcient taller 
Adjustment) to make the fill (I c-, xtationH 0 aiu| 11 “lAnlaiicc pdntii*'). Computed 
volume of cut Ifom cross JicctioEis was cii yd, campuUd volume of fill was l^liOT 
fu yd, Bt'foie plotting, RIIb were increas'd hy 15.4 percenl for ^rinkage as Bhown in 
lable. 
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RAILWAY ElfGIKEEmWG 


RAiJwty TruiiportAdon. TIil- railwayn of rnitiinJ .Stal«( nm o»^£hxl atuj lipt^rated by 
priYiitu cunjfiiiiii'Si. Thty pruvitli! a soordiTUiUHi aervina ftir iraiiH^rtatLun of Fn.‘ight anil 
pftite^‘rkp'!r& to uvery city aJwJ Mport imJ to thoiL'iaiulB of HiruillDr through¬ 
out the cnuiiti>% For ahoui tkim'iy ycur^ niilMnyai fiirniilw^i thi- only 

comiQon carniT itvrviDe^ fxc^pt fora tinutcd amounl of tniiLipurt on ruivigalih^ intrtnd and 
i?ofij4tiLl Duri£ij( ihifi p^-nod thi- miSwayj* t|i‘yt'lopL‘<i m twtwork of a qimrtcr i\! a 

uilliun trouto) riUl^ ^lolfiMnK atiout -tOOKfAK) mik^ iif Iniiik). Akhouich pcvx^nit 

dilTotoiit wvrv!-. ui«Hi in the early period, the jpge hai* b-i'ii irniform the 

paeit ecventv nittkittg poswibk? init^tshange kn'tmiutivi‘a and eafn thnvughijut 

the entire couniTy+ 

Af a ri'tfult of tt'chnolo^cttl proEntfti in rewnt ch^Ciuh*?. aildltionai mLXle!i of trarkR- 
potlation haw Ixwinui availuhk, ctinij^ting with Tailway!! ui TreighE ftnd 

Theft? includi^ aulomotive tnineportation truck i, com- 

merEUii aviation, anti petroleum pijsolEni^ (crude oil and reEncd pnHiueta), Hbre W^\ 
iuWl walerravF of United t^lnte#^ have Uvu iropnJviMl by ik^poniug of chiiutadF and 
by const r\irtiDti of dun?; aod EocJt.^^ nnd wafi-r trBnH|M>rfaticii of fnught htu* 
rnirndemhly. Of tl^-t^ only railways and pipclinpi^ prfmdt and rnoialcnn their 

nwn tran^porlHiion itiutca. 


Table 3. EffnMATKo Dj^TfUBtws of rNTEacirv FHKtoiiT ako pAj^fiE^onn Traffic^ 


Freiglit ttiD-milca. fh?nx*n t 


Year 

[iiiil 

1'nick 

Water ^ 

Pipe- 

hnf'w 

Rail 

1 

.iir 

Wutlrf' 

FlfX'lrie 

railways 

it^ao 

Ik40 

ItHS* 

am* 

75*2 

115.1 
IU}*{9 
57*0 

411.2 

3.11 

to.2 

0.0 

10.2 

17.3 

J5.5 

lo.a 

I2.il 

L4.5 

le.s 

.5 4 
Si, 7 
12.0 
12.3 
ll>.7 

tiS.O 

l>t,5 

72.9 
45.3 

31.9 

IS.l 
as .5 
2L4 
37.7 
30.9 

i 0,2 

2,i 

2.7 

14.3 

31,9 

7.1 

3,0 

l.O 

1.7 

2.L 

0.1 

2.0 

iA 

I.D 

0.2 
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Thi- nhiin! of intercity freight lon^milc* mnil iw«<engeMnil«' has dccUniHl 

eoiieidcn*I>!y *nw 1C30, a# indicated in Tahlc 3 ati |i. 2 21. ^ 

[n mti'iit ypars milwayn have ruftn ntfall'll on iiicrcaiine tbe capacity tuirl clficicncy 
Ilf their pUtota lathi'r than ‘m firti-niling their liner. Rendbcd and traclt etniciurt- have 
lai'ii ntn nfithcni'd to carry heavier londa at bighi'r speed#; mi'chaniied metbeafr hav** 
laiin adopted for more ei,-oii«>niicttl mnintuftance; cTilieal gntiler liavi' been towi'nii atid 
rurvaiute rcdiieeil: improi'nd signaling and communication lysU'ina have been apjiUi'd: 
yard# anti termiiialr haw been rebuilt to pwviiji' speedier o|a!iBlitm; dicsek'lecirir 
iocometivw have been substituted for rteam: new typefi of pa-srengrr ertuipment haw 
been installiHl; and farter freight and pn-m-ngi r corvicc har ini n pnividi-d. Research 
ha# been carried nat in practically all iiha.-ec of railn-ay activity. The rcflilte of I here 
improvenu-ntr, paiiicularJy I hour invidving inaintenanei- of way, signals, and motive 
power, ate shown rtilweqwni ly. , 

lUilway Plant mid Equipmeat. Uintiil States railway* cotaprire h ni'twork of 220,0tXl 
rmil imulei milf*. Total mileage of track, including additional main track*, passing 
trai'k#, yards, and rulLi^, is ihl0,0()0. This includes ovi'r 6,000 mites of tint* electrifica¬ 
tion. Motive power of Cln-s# I niitways on I>fc. 31 , 1036, rouslstcil of 30,-l33 IgcoiiiotiTf' 
units (steam, 3.7U; dicack'loeiric, 26,031; electric and other locomotive unit*, 638). 
The ndlwava owthhI 31,01)0 pasreuiicr-lndn ears (exclusive of those iH'lonipug to PuUmnii 
Co.>: about half of these am baggage, mail, and express rata. Railway fcrigiit car 
uwnenildp in 19 W wm 1,707,000 (esetusive of those o«-ned by |>rivatc ear liniw), by 
type® as fotlowa; box ears, T2!*,Q00; tbit ears, 56.000; gondola and hopper cara, 827,000: 
trtock cam, 37,0ll0: lank cam, 6..W0; refrigiM'ator cars, 20.000; other fmigbt-carTyiog 
ears, 32,500. Average frMght-rar capacity i* 54 torci. .\vcMigc number of railway 
etuijW'w 1’^'^ 1,043,000. Itivealnient in road and ct|Uipmenl (h'ss depn-ciatioiO 

forail Unitrsl State* railwny* in 11*56 wa-# 127.2 billion; which aiimunted ta $124,000 |a‘r 
rtifld mile or STll.tlOQ per Irnck uiilc (including yards and ridlii^pi). Net railway rapl- 
taiisation (if all United Stall'* railway*, except switching and ternuiud «?orapanieii, was 
$15.2 bVinon in 1935; this represent* total railway cciurilies rstewfc and unmiiliin-d 
furHlcd debt I in haT^is of ibe public. Stock amounted to $6.8 billion and funded cieljt 
$6.4 bilUaiL 

Railway Revenues and Expenses.* lu 1956, lota! uperating revciiura aniuiinled to 
$10.6 billion (34 8 p(‘rrepL freiglU; 7.2 jiercent peuwi'iiget; 8.0 percent all otlier). (Jpem 
ating ^ lit rerllt maintenahd- of way; 23,3 percent main- 

tenawH* of equipiiiciil; 30.0 percent Irajieisurtation: 9.4 percent all otlwr). Uperating 
ratio (ex|a tl.'iCM to n'VCUUeil) »«* 769 penenl Net railway OlHWting menme Wo* 
$l,0f» hiillion; this is ojicrating rcvr>iiue It:** opi'ralitig cxfxnaea. laxe®, and joint facility 
and I^quiplutnl retltate, Xcl iliconii* wB® $876 million after fixed ■ barge* (ptiliri|HiUy 
interest on ih'bt, rental of Ira^i'd lines, .fc,), availntde for payment irf dlvidciuLs on 
stock, itiwsljncht in mad and tnuiptncni, or addition tn surpltc. 

Railway Traffic and Operafiona.* Frrisht i ndfic statisties for 19.56 were: tvreiiui< tons 
originated, 1,447 milUnu; car* of n vt nuc freighi hxidc.1, 37,3 tnilUrm; revchue ton-miles, 
647 liitlion; revenue l»r ton-mile, 1.37 wnls; tons of freight rariii'd |a>r train. 1.420; 
nverage haul (s r ton. 43) mlh-*; fnright i;sr> [wr train, 66 (42 loaded nnd 24 empty); 
ton* per loaded car, 33.0 (all traflie) iinJ 43.1 (carload irafTic alone); car-uiilu* per 
scriUpcable freight car-day. 482; Ion-mile* per serviceable freight rar-day. 1,023; toa- 
milos of freight r-arrii'd per freight train-biiur. 26,116; mile* jair lioljr (between letmituilil), 
18.6 : mite* (wr i lay fur servieeabte freiglii lucoinotivcs, 147. Faviensrf traffic *6it istira for 
19511 were: rsvciiuc passenger* earned, 429 milliun; revenue pa.s.scugcr-UiileS., 28.2 
billion (tneturfing commutation) and 33.3 billion (cxeluding commutalioh); average triti 

i Clmm I rffikL^J-*. of in rraitrwiE#, p. 2-2SJ 
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pfT iMwitenReri 66 milraij revet) up prt poeMPii({pr-tiii1e, 2,6S neat* (all pnasenjpsts), 2-21 ceiita 
(eomnretntbn iwprenisr), 2,56 wntp (oihpr nuaeh psiwii^vn*). 3.^0 ceiiUf IPuHi^ 
exeluMVP uf ph 4 ir«e for ^•ttl1llulft aeminniodiitiniw); mile» pprhaur (eseluitwR 

motarnir treiiis), <1.6; milcp per .ky for («c«-«RPr ^ 

^Vri^Ar »(iiffic ui rkiwiliiHl »s cBrUwtil iCLj anj l(Mi!-thBH-i- 4 ir]oikd (LCL)- CL^traffie m 
RJfiO constituted fiO.S pvreuni of tolril oriKiiMited lotuuigc and BCPOunte<} for ai i^iwo* 
of iota] frclRfal revPBUP. i*err.-nre»«^ of total fn tRht tuiui«e<: orininaM Mul of reigbt 
revpnae were; pnxluok of aRrirulture. 6.5 uf tahuaip' mA 12 . 6 peropnt of freight 

revenue; animal pnxluvts. O.'l and 3.2; produL-Ui of min«, 55.0 mod 
foreiitfl, 6.1 and 7.4; numufaeture!' jitid iiu.«i^<!kiieoiis, 2».0 nnd 48.<; H. L u.a 

and 2.6- .4 CL mhipinetil is loadwj b>' #hi[ip<T at a prirefc mAtng or a pufiht ilrintry 
)t«imt track of originiiting railway; rmr i.« then i^-alrtl and hauled by railway latiJ con* 
n.«ctinB lim-) to ifm dcptiiuition; il w niiloiiil.il by coti*.K«iv at a prinit* 
drfirery track of lermimiting rtilway. .<ii LCL ahipment b. ddivcr^l to a «ilvray fn .ght 
htiuae where railway eniployeep place it iti a car with other nhipnwnts; thv,- par may go 
dinwtiv to freiitlit howsp at destination, or shipmi-nt may be traredertt-d to ock<r LCI, 
care on route; shipment is unloailed at rnaghi boure by lemiinalinK t^way. Treking 
to anrl ftom freight hou-w b dorse by shipper (and cotwRaei i or rmlway may fur^^h 
piritap ood drffrery aenicst (rton-tloor deliveryi uinlcr which railway {or ita agimi; doe* 

the tmrking to and from freight houre, , , ,. 

Many ndlwav* now offer a m-w form of freight service, commocily ^em^ to n» P-Wit* 
bock le^ce (officiallv T0F<’-(roifer mftui cor), roder this «^eni loadi^ truck trailers 
are placed on flat core (ofti'H speviatty dreiKned for tins scnnce) ml a niffway yard or sta* 
tioii and irensportci! in freight trains to termmotmg railway y ard ur station w here iredens 
mre taken oil the cars anil hwul.-i to (heir final rfestinatioTLs is 1 k)|ob 

a.stJ in revere] diffeit ol forms: ID treilcrs ownefl by tnicking compamre and hauled by 
them to reilwav for loading on cars mint, nt tcnniimting railwmy point, haiil.-d away l>y 
trucking eompnnies for final .Iclivery ; '2) reitwayn proviiJing a cnmpkre rerviee by prek* 
i»B nil freight in their own treilere (or tl.oao of a railway ar "t), and tren-iipor ing iroilere 
on llml ears, mnd then Imuling treilere to consipice. hre.glu is on ^ 

.■omf«o,titv nitps, rtmior ponioi. of tonnage being earrie<l on the laHer. Lt I, nites are 
coi«iderebK liighcr tlnm CL ret€^, kvnusc of smaller wcighls ;>f'tdtvid^l shipmi-ntm, 
neppssilv in mnny eases of tnmsferrinn shipnaius em route, and the fact tlimt LCf, cars 

are loadwJ and unloadwl by railway employees. , , . , 

Pwsentfer IrefFlC is eksscrl romr,uMio,U other CeOcA, and firrl f .anaintres 

are tW traveling regularly to and from hudrn s. nti iiijHiihly op nmlriplt-nde tiekeis; 
ihi- averegc length of tdp (one-way i b aUmt 26 mile*- Other cor,ck ,m«m ngt re are those 
rilling in <x.arlms on onc*way (nr round-tripi tickotiu pasrengcre a«^ 

th.Jtrevcling in Pi.l!man*iype sleeping «r parlor care. In 

was distributed as follows; eommuter, 5 billinn; other coach, It bHhoii: first dinis, fi 

'"Rfflwty Oriamzaiion. The liasie corporate organisation of a railway is similar to 
that of otlar corporatioas but deiaits of organisation vary with n^intudc, 
and KLsigniphical extent of the operetion. l^loekholdere lOWia-re of he Wiupany ekef 
a buard Of Ilirectore to repuw,,. thetii in its mmirngiment. Corp-^rete Offirers incliide a 
president, secretary, tn-asnrer. and several vir^prasideiits. Lmch vyi-pi^idenl im 
Lponsibk^ for a sp^wifie field of reitway activity. Di-part iiiei.ts l■oml«ol. to mmt mdway 
orXiixatinns atv: opemting, .nfflic. ncrouiuing. legid, and piirehmM-s and .si«^. Opora- 
li^f ft ndlway also invotvi« such matters as real r^tale, pinnmncl. public relations, 
... 1 . _s -..-j [ndividLml burruu^ u^ufb^ly imrin]f' thi-ft.:: 


ttkses, indiLKtriitl uiid n^'^urh. ua t - 

acriviries within the fremework of major dcjiartmetits although in sonu- cmare tbe.r 


operation nmy tui sup^in'wed by i*epamte 


Operating depart itwnt^ u.mh'T 
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cif n vici;-pfi7fiiEU>nl. who may ftlw^ ser^x- eu? Ri^nenl bi liirijf^t uri(aiiii£ii- 

hon on thK- railwijiv*. It \s diraslty miipoiisibb for [rArinportAlion of fnMRht aotl pa^wrnKHtst 
ant! for upkt^ep of plant and iKmipmoni. It bAS three functionjil branehiw!: trajwpc^rta- 
tion, nmintoimnce of way |en^oceJ-iti|j>, imd mainteaiuide of et^uipnieiit (meehanintJ 
FrdfF^jMRflofi^ deport (often refpjrn^ to ikfi ' X’jper^tiDK:'" departmeTit» lf a^iuilly 

headed h>‘ a gtiRT*! Fupijrinii'odent of trarueportation. Thit? depart Euent ift responsible 
for reoeipt, tr&nsportatio'ru wid delsvt'ry of fnisjjslit and Lmiy^porcatioQ of pafseCvgerfl. 
Its aetivitiej^ include piepamtion of ischeduSes Un erMjporatjoJi with tmldie cle|»jrttiiejit<)^ 
a«<iKTLiiii‘nt LX^uipmentH car i*eryice, and din^rt mipt^rvLi^iub of all thixv^ eo^cd in 
Lniiisportatloci opi^rAtioEiS, FUrh train ilispatehertt, ^latinn nod yard MtiiploViix's, enj^lli; 
anJ (rain etuWf, rttld fiii^rjjillllK'n. depttrtnvt^nt, under a ebirf enjfini-er with a 

Htalf of a*^wtarita (enginiXir nuiintenanTy of way, hiidpse enjpneer, siKiial ^’n^iiwer, etc.l, 
tR rt'flporL-ablu for deFign, cdiiMnidion, amJ Tnaanlenann* idlfiseed fariliiiL'R. Meehartiful 
department, unduf a ehlef icueoluiiucal officer, is respcmsible for dc^gn, ^Iwpw+^o^^ and 
majoteininre of locomotive# nod etir?. 

TIih mnipiuti^ ofi^dsation of the operating department from #yatcm 1 staff ■ level to 
loctd ]i<‘w\ in mlfijiT eomple:c betnkii.-^^ of geofimphieal extent nf a railway, which ofCi<n 
several thousand mdi^ of line. The basic operating luiit lf usually a dmM>f}n^ 
wbinh nukv mdudo from lOO to 5fX> mile#- A division superintendent b responsik^tt' for 
its o|XTatiou. Tmnsportation fum^tiorts aix- under imniediate control of tnunmasters 
re^fwirting lo the Mifk-riiitentJent. Pi vision t'ngineer i^ resfNinsible for mninti-rmnev of 
fixed properly; he has AS pubordicuitv offirers sujfcen.TJ=<>rf of track, bridges and buildiiig#H 
and signals Mid conuunnicatinns, Divit^icin mji^ter meebanie Is in eharfe of ituiipi*etion 
and mainleEuliiCe of locomotives and 

A p^uiend Biiperititendeni, with a slaff of (ingini^'ring, [niv<hanicaL and transportation 
offieL'ni, ia often responsible for operation til a dijtiriii which comprise# several operating 
ilivisintix. Largi' railways an^ often tiivhled into two or more heaiJed by vice- 

presidents nr gciu^nd mnjLagerfpA 

dE‘|iartiiu'til is the salt^ organiiatioti. ft ir responsible for deix<lopnu!ni and 
Folirilalion uf traffie uJid t^laAktishir^^Ql of rate# Isubjiict to ICC upprvvai). Usually 
there an? Bcparate freight and pass^-ngcr iraJfic managers reportiiLg to a tndfie vic^ 
president > W it hui t mftie liirpartTnent t here are subsidiary'' offieera In charge of induxl riid 
de^Tlopmeni, moil anej expres^n coal i i?tc- 

Acfounling dupartmenl, hcaiW by a idcv>-pn?flidE^nt or a comptroller,^ i? ri;aponBibU> 
for acrouiitinK and auditing of n>cciptfi anil disbum^nu^npc- Compilatien of #talislic» 
nemfpti by olficen- of railway and those rcquiitxi by ICC and niber regulatory bodies is 
carriE'fl nui in this dispart me nt, often (Jirough a bunxiu of sta tistEra^ Lcfluf ilepartniLiit, 
uniit'r a vifl>preflidi.'Ht or m'onntl cOeLtiael, U n'^po^tksitili^ for rontracti^, si.^t11enielit of 
elaiTOf, and for handling malteni befow ct^urts, public utdity eomnUsmanF, anri ICC, and 
for ail Iiiatten* of a legal nalun^ nifccting railway. /^urrArwes ond ntf/fcM df-part mi nt, often 
lilted by a vice-prefiiiienl, dixs the buying for railway through a purchasing agent. 
A ip^ntifal #toreke<‘p«*r bi respotisible for Ftoragt? of materialH ujilil n'^piisitioTHsi by the 
lirire^ department^ 

Akhougb only the divistEinal orgauixatinns uf o|>eratLng depm-ttnctil have been im^u- 
lifUh'!:l spt'rifically, thrirtbi-r(lepariTiu'iit*iwually haven-prmfntativi>fi kicatixl al divtsiun 
poLntS for earrying uUt their work cRoctivcIv. 

t l<nral orMHi-Patimt nt^y ahaix divi^iianal ur [[na. In liis twtfUirf, dl-rljiinn 4>nRiiiner 

Msid nimilrr in4H:haiak difwtlr t«ti»ak r tLrt- mrv akn to Et3pEn»«riEiX %Tid nicci^- 

i«:lU k(«if fnr ilJUJdaMli. buliREta, Lnilcr diqji,EtJn«tiljJ lyAtEin. diT^Mial vEiftijMvrijii md 

riJBchtaiLrat work bi roorEmtlflB wilh divii^q ■np#rat Wld«ol bill dbXu'EJy lo thulr mtxnrUVr 

•LeT DlErxirM. Tlwf iir«»Dt Umtixaty w linfaEll ItiE Uh id divbioiwil iyBt€ni dliiciuca un 4IHay niLwmyt 
Il4» omnluLuEi H K MUulhinAtiaa N doUl. 

r 1(1 i t isf Che «vil£iii iji om^tEhX dlvainm w^ti rUniihKti^ 

Knd nilkr^ win diiidrd iQUi taUir TmAUrt^ li^ r^kiiiR, mitcWMl ofSiCrfi wm m rtliarx^ of dn 

cif>emiwp witbiii tbd naion. 
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AsA^datioii of Am^ricui RAiEroAds (AAR). CtHirdinHticin of milwAiy arlivlEk'* w 
thnnirih Assiieiftiion nf Aim^rirAh HmEmiui<F whsrh in ia34 Uy 

iiM'ripT of n Thiiikibi^r of individuAl nail way or^funi^AiioTw. hj^ npf'ratioTws are arlininkfteA^rl 
iliroLi^lD M of diMtore unniuUky by Tnem^N^rrjiiJway'^, ivhieh priori- 

pal milw&ye of Uoitt'd StAtiu, Qmmiti, ami -M^'icico, A,\R funrtioTu^ thnm^L deparL- 
nu'iii>i of opemtionfl and maiiitotULnci?; law; reRean^h: fruRIc: njiJ financi-, aen-oLiiiEiEii!. 
la^tttion^ ftjid s-aJuatioTi. VViltiin ibe frikineo'ork of ihf^- departnienf# f heA^ tux' numunm^ 
divwioiiA^ peetioru*^ and ptimroith^t?^ for earn'inj^ oul llurir varitil 

Inlerstate CommeT^* CoHuniiSiwi (ICC). tiailwa>'s of L'iiiti.*d SjaUw nm n^irjuliitwf 
with rwpcft to irterFtatfl and for^'jjpi ooniniioroi'' by liilorefate (^t^mmermt Ci>mKiiK^Dn, 
ojitahlwhi^d m ISS7. Tho^ regulation int-ludi'ii such Juatters as M.-rvtn?, ratE«<, safetyv 
Itwiiouidxt of soctiritici^, and ton,^nicliuii amJ ahunflutitiujul of iini-?. ICC aclivtiiiia are 
oarriud nut hy itji 11 CD[ruTUi»!koners> ihroogk bureuiis doaJiJiH: whh tM^reot pluiat.^ of its 
work. E^ibliiiatiotu of ICC Include an annutd n-porl^ anmial etatiaties of nulway?^ and 
other cartivn., rtiporta of mdivtdual bureau.^p and rvptariH of iip-eLal studiL>a and iikve.cE jga- 
tjoCH™* 

ICC alao TVKulatL-A to a li^nser extent mlrrflicLff actieitiei of other t ratu^poiiation 
agendn^fl* inrludinE midor carriers, waU:r carrion?, fridpht fcirwardiirw, and pipelini*s for 
pnaroleum produtsta. ICC reguialion of mtlways w mons eumpk'ti! tluui li U fc^r other 
camerB idncc activities of are principally interatati*^ aiuJ of a caromuiU’airiiT 

nature. Contract and private carriera, whirh constitute a larKo portion of eJu! artisitiei? 
of motor and water carritin*^ aiv subject to much lest# ICC regulation. Various state 
departments of public utility, railway comiiiiision.Sr etc-> aiv aLw iiix^olvcd in regulation 
of railways with respect to their intrasiult activities in individual irtates, 

RAILWAY ENGINEERING STANDARDS 

Americao Railway Engintseiing A;££ociation (AREA). Engmsisring standards for 
location, dssiffn, constructioei, and tualnteiLanw of way and struetinva of United States 
railways have been devciopoil over a period of 60 yeans by Auu>riean Railway Engineering 
Assoeiatkon, an org^ixation cotnpriskiig 3,300 railway enginin't^i and executives in 
L'lJted i^laEes ntid foreign eountri-Lii. .^RE,\ wjewm concurrently aa construcrion and 
mamt 4 *&aii<v liection in fioKiTwu'ritig dlvisiDn of AAR.* Reports of its commit lees, 
issued in butk^ins duritkg the year, an^ pregente^l for dlHcuKHiuu at animal meeting lu 
March. “AREA Manual for Railway Erkginecring” incluJe.«^ inaterial ailt^ptoii by the 
a^^SUdatkOtl as rK'OfOHittrtrM praditf.* The "’MaiiUnr' and the aurnnd proceed!Ikgs 
fiirnish autborkt-utivi^ inlomiatiofL on curn^nt railway ongintcring piraetiee. Fn^quent 
itdcn-neo to ARE.A nmteiial is made throughout this si't:tk(ni of tiw^ hundbouk, nnd 
gnitoful aeknowiedgfc'ment U made of the pennis-ion given lor Its um-J A number of 
tiidivkduikl rail ways havi* aim iti-reloptni fiudutenaiicx'-thf-way standaixls imil spcidhea- 
lioiis. lokportant nm^'an/ii on n>udway. ballast, ties, mih Aikd structural matU-ffl w 
currenliy underway- This work^ HjwEkmrtHi by AREA commitis c&rrkMj out by 
rtsc'ureh staff of engioDcring diviskuni, AAR, making il**^ of facilities ijf .A.AR Rr-ac^arrh 

^ lsl(jrhKaElSh U t® <ira^LMM.ttDB Arid upert-twah AM>cb.tiuajf>r Aaiefk4ili JlriitLttKUiH maji- twe Ubc^ufU 

iiA kuMidnujj-EEhi:: THi.tHi|.HKrtiiiS«n BuiUlbii. Wastiipcii^ ft, D.C. , 

iHy IOC [finiH'liuci. l.'nlii«l ?tfck«i ftailwav» Pl*«*rn f|yt'«<>di^ «i iiiasiLlttid^ qf ihrir 

□HrmUon. Cla» 1 UifcP^u] nilVB^T IttSSk iiwUid™! ifclnv wilL Btuittiil oiicraEinK rpvvtiuta- 4tM- 

wdijiB il,000,0X1; ClaM It tlK^ «ttk pnjiiiBl upEfadtiW iwflntifw Efura f 1DO,000 Co *1,000.000: and CImm 
in tJwpflie briflw tkOQ.ono. [CkM T r^iliTftyi Df^tnl pe^iLt uE ih^' mitrtutt and; ^-^nitd 9 ^ 

ixixeiiii oi lIk rti^^nuc.k HflMtivii Jul. 1. ItWft. CIwb 1 nlmar* inniJilE iJium-- with AiiriLnil upiira-tiriiij 
ntienw cJ |3.EX)0,OCO niw: ju^d Cl*» U *11 uticF m4[ira™, ... 

* EsjUnsfrins diviakin. AAR, MiiupHiM# twwtnarikm and sidJakeuatios iHftrtirjnH riertdrd. uid 

* Thm ‘'^IbuubI^ h lanLHi in ton form, rei B*4 wuinstlF. Aii AKhL\ 'Tortfolio irf Tcuk^^urk Ptuu 

had fiptdArfttiD^.'’ pubtkkod *ef4r*t«ty f®r ™rfcnk'^ v d*t? <w ihfr byili pnaikaibnia 

toe iriiBnBK- Eiartjli IRSV bw pun:laj«d trCitn ARKA^ 5D Evt Ijji BufcS SL, ChiCnMco 5, Id. 

* hi<s ivfflranc™ u> M4AmU'' mra IBM HUtion, 
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Conti'r j*l Chiwmo aiiil of w'vitrtJ wlU-tit' ii»1 rtsearth oresuliatidna. Mufl| of ihi* 
4 :«arch L< haj««3 on foM tnvf^itiBiiijonB madt! un<itT practical operatinR co^itiona. 

Grades * Ral* of lEraik? iftrailiciil > iiwlmiilliin uf profilH ipisdo lint* frcvm ilu' ton- 
»iHtt3,«pn-s«'d a? It pt rcciitnp': in early il wa* smicd in f«i ^ riA- \wr ^itr. 

RuiiHi i?raA> i.i llic «iiw which tlcicirtniiuw toniLftgc that can In? ham!t«i by * 
lacomutive nvvr a pcirtwnlur ensinr dintrict. Maximutn lontmisi’ which can iic haiilctl 
ur a ruling graiic u diffm-nl for esrh claw of power- Baling pwka in opp^ie dirt^ 
tipna on an enrinc .liatrict arc ?<*1c|pni the aarm- b«ati« of diffcn nci^ in the tcrmin. 
r(M 9 ipcn*a/cd BTRii's ate tlnw which hat e tn-CIl rtnluCMl to keep n-iuillUlfC ^ saitH' 
(in mm-.- aJid CumptTif%fttiQH maj' He- liiktn ^ 0.01 perw'Jat ptir 

curve for avt fSip conclitioiw. If a 3= curve oecura Oil a masiirtuiii siade on a d^riei 
with a rulitiK Bni.!- of 0,T2 prrtent, compomoated (artuaJ tracki Rradc on eun-e shmiid 
iiDt i-mHia 0.52 pcrci'nl (.0,72 - 6 X 0.04>, ttuUiiR unui.- w not always ihi- masimiun 
pradiort on all cnpnc dint net heuauiH' of puwibli- mw uf hi-lpt-r and mornt pium ifnwiiw 
at wine lixniiiinLi. lUlpn ipu..ihi rl gnul.v. are those oti which hdper eiigim i. me needi^l 
to mMHt n«uJ l.xMmnilvt?*t for oct>iioiiii™l openttiun, a helper grade should Iw stitp 
enough to iiUiliJo the combined capacity uF road and Iwipi-r rngines. which may la? fak™ 
Hj. 00 pem nt of the etitn of thi* imitviduai Joeoniotive rapiieitifs, dYHaFirntnei Knulefl 
those » *ibKi(cd that the kin.tie em^rKi- at a train (due lu it? ?p.xal at tlu foot ^ the 
gnidel will enable toenmolive to haul train to the top without a reciueiioti nf speed below 
10 nr 12 mph- Momentum pradcB are undeidrai.lc where stniK or restrieted apewla are 
apt to occur: nor should specie bn ec steep that a Iwomutive could not haul a toimaftc 
train up in (i™ jmrls tf i/ hccoMic iilalUd on Ihr priufr,’ 

\'o -taiuiartbi are atwlahle for wtabliehinp the ru!in(r iirade for a parTieular distrlet. 
It deponds on turrain, amount and fharact.’r of tratfie. and desirability of kia'pinp ruluii! 
™d,.R about Ita- same uo adjaa nt engine diatriets (thua avnidinp the hrtaklng up of 
tniina for rcdiiclinn nr inen-apc in t-mnapj'?. t>n mni» fieM ntJ ia cajipcif roUFifry. rubnp 
graiicIs tt-^ullv not much over 1 p.rcent. Wh.-n' very huivy imlhr (such as coal or cm) 
in a pnsiomiuant future, ir may lx- tirairalrk to have a comptamated mlirift EJado as low 
a# 0.5 or 0-4 iJero'ni in diriierion nf haidtil flir ntoveint^i, In niiiuntMnnii.-i euiintry, 
nilina anwies an* ateeper, and -treiehcs of helper itrades an* of ten n-quired lo net over 
aufumits Several Uaes crnerfiip the Roeliy Mountains have Rnuli^a up to 22 percent or 
ocrasiniwlly mw- On muiar Unw. grades up lo 2 pr rcent an* not uncommon- The 
mrrti^rnta gratlieni through a cut should in' at Icasl 0.3 [a*reenl to provide Baiiafaclory 
drainage nf side ditch.ss, Griuie» on initustrial sidiriRs may hi* 3 or 4 percent if nirmuafy'. 
Vertical Curves-* Gradi’ linen an* conneeiiKi by vertical paraiiulie ctirvcs when dif- 
ferenn* in jtrndwnts is npprecialile. Ia*n«ih ttf vvrtital curve deia-nds on alRcbniie 
ditrcivnn- in (trades lui.i on wtwthi r the curve in in a rag nr nr a sumHiit, Conditions 
aft' more severe i h rough saps thmt uver immniiis, lu eauH* of gn-aUt spwd Boing down- 
hill and hi'rauw the ‘ Hlaefc" nf draft jw-ar Is 'niiuiing ou!" m front of (rain rcaciw'.s as- 
ft'iidinR prtale- h'wr high-^pe*fi mirin trneka, ARE-A Tcwmmends a leiiitth of vertiral 
curve Stirli I lull fiitfnfrfinu^ofir’i’lf wtl' more than 0,05 ft |M*r slat inn (of 1(10 fO 


. . _I _J ILdMEwTrll OentEf deri^li* biiLMMrtaJjl (c^lUtro ot (fyiTMillj- un«lrrw»y 

hy AliTirtn^ nHWhuiwaJ dlvWcm, raniuLhrf I«l4 U«4ifh| r^maurh tvnd ikirJiiliniFii fc lAboW-toO’ 

Ki™ i !k5mi?rrfkrrt*iT^ «rti»fci fif -u idHbNW nl HI FWJ*»S' OppW nM.1r t* ohl^llird EttriU 

ItiWKnuJNV.^ r-aiiw-nv, trtin and. tofiftaRU lallft* Ip di^a«*Hl gHi |s 2-^. 

■ ttlj!EllKKr«fc » vrwy ini[wjrt«il -Hi« it licijil* tlw tuOIWf ^ uf R thupefav affiT^ thr^ nuniW 

nf trairu rrtflklrwJ tu HICkVP ■ EalaJ IcmillUki nvir ui euKine %3irtL piinm Iftd^arrukkiv^k piwqkd 

HiulivF iKS»»ir. laLlM/nyi <4tAiL wnm^ Iack# cajiUM ©R^ieiidjiiir™ tu nUfru im 

^ ^di«»l-wi]rclriir 1 .p«iJii0tSV«. wRr}i dMV upv «f unJliP. 

inlsrl nk^bility in *dK-tinn nf Mmiivt p^^v^lT^. Suw iE b urtLill)' ftiuftd itt&n? 14 wy 

elwibl khratniriirei nan 0 |»n.LR at cwwiiJnmfcl* <IVcT^□«t rtfiArttJ- int hllMt [mdi c4. tim». whach k 
LniiwrUlit wImw* Mi InctiTidAllil f'dLnJt |Ci*dr b QOt IflQ ImiEs _ 

* E'^ IS-13 °f iiaJEfuUtliUE crWaUniifr OU yfcTtac*! Citffv^. 
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in aiad not mort^ thjni 0.10 ft pt^r ^tJilinn oii fur seroudar^ rnmn tmcks, tlir 

nwpcrtivr nitf^ of rlian.^-* of ma.y 1a* iwm up mui-hr For of U.iuxr Ujt- 

p/^Ujnre vi^rfiral rurvt- may b' n-lativ^ly v^bort. CntJt*-line iifrually tn^f^ur ml 

full HUlion^anti v^■^lics^] rum'# miuii' All numliLT of rtaiwm# in lonijth, thcrehy 
simplifying tdcutAtion--^. 

Ctirres,^ Mojilmiiin ifi'griT^ of rurvalnri' uii nwim liiti'#j oxA-pt in ruggjetl h^rrttirip 
usually not ovur 0 ®; in raouEiiiiinuv# ti’rritary tbi# iimy bt riftA^LAl. On minvr linrs, 
tli'jpT:^ up to or 10■■ are crunmun- htgk^pi.cd liiun^ shurp curvature w'k\] limit epi^ 
of fiELr^'iiji^'r t min# since it 1# not pmctjfiahle to oli^valr ciutot mil fur ns high n# 

wimld be nuuiitaLtbtil on the tnngi^niH- Obji'ctiarmhltT featuiew uf curvature are (1> jo- 
w'ear anil teaj- on track ftnJ etpiipmeTiir, 12 1 incn^ii-nil train tr#iRlaniM', (3) higher 
cLwil of trufc^k nmintenaticc, nfiil (4’' reduction in albwahlc when full ^ujnirt^'vatioii 
<if The (luler rail cannoi b* iiutdr Rail^raj'? Ha™ <?pcni lArgc lune^ntilj!! to rofiuce masi- 
[iiuiii di.-gre-- In 2* \ur where high-^pE.'eJ wob {hhrunxL tii yunU 

tihd Midingii, ik'grt^l- ahoilld out exceed 14' to 10* if rmd 3oromuti%H^ nn.' lajitnl; on tnirku 
where #H^Elc1iliig t-ngint^ an' ii#ihI iixcEiisi^“el>% ninxa:! may be a# sharp a# 30 K lu's^es- 
san’ to lidopE curves wiik h mdiu# of 150' or k'ss in an inLiustdal yard, a #Tiiall die«‘l- 
electric (or gnw^hne) engini- with a short whjjel is uat'tl- 

SpUAls."^ tfft luain-linH trm'k^, spiral trariiition turve* ftn- nstn:! b^lw'iien tijuignmt# 
lyiil eirciiiar cur^Y*# and l.iet wt*t'u branchits of compound nirvc^- I-enj^b of spiral should 
b' such thuT the mte of ehnnpi* <if elevatioa of outer rail will be I h ' |ier ?ec fur mn^mum 
speed uf Iraln upcintion +in curve, in accoftlance with ARFA formula: L. » 
whi'rt‘ L in minintum ilesintble k'ngth of spiral, ft; supereluvatjEiri of imU'r rail, in.^ 
ami 1\ nuixLinutn spewl. iiiph. Fot hingtli of Spiral between branch^'fl nf a nflopeund 
rur\'e, the Hame fottnulrt may be appliecl if E ia taken ns the diff^rfnec in flupfrelevaiion# 
uf adjacent branches of ctuupound curvc- 

Flevation of Curves.* Eh vmion of outer rail on curve?, often eaJk^l auperflmiiinft, 
dL'pontkon radLu# uf carvv, I rearing difitance betWiHMi and speed of train operation. 
For C(}u£fi 6 riU 77 i vbvalifinH in w'hich the n>su]tflnl uf the weight njiil tbi' cuatiiTugid furco 
is jn'ryN'iiduntar to plane of ihe track, following .^REA fomiula may lx? applii'il: E ^ 
0.0007 r^D, in which E - elevaljon, in. of outer rail: T ^ wptvd, tnph: and D - deg™ 
of curve^ 

ff it WEiru pmelicable To operate afl cljiij,'^^# of triiflir al shieh' speed on a curve, tb* 
ideal coiiditicin for i^moolh riding and ittinimum mil wE'ar wnjuld be oblainc4i by elevating 
fdr Cfui/iliei'Min. HoweViTp eurvE'd Track inu?t handle imJ^c opi'Jtiting at varioua spee^Is, 
whieii n^Fults in slow train? musing cxcwiiife wnir on iiafidi> rail and train? 

rausinR aceoh^ratw! wear on nutsiile rail. For practical n^asorm mttximtim stipen'leva- 
tiEin an ?rtanitard-gage track 'ib limited to H" nr tf allowable iias^-^^ ngi-r-l rain speed,** 

were bawd on f^CfthriEim inn, resulting spew'd# would be coiisiderably Lwlow those 
t|csin*<l for liEghnspecd wnicc- Safely and c<*njfnrt limit with which a jaovcEignr 

train may iiETsntmte a rum?- Any whEch Rivit* eomforrahlc nding on a curve is 

wtH wit bin Utnit# of safety^ Espi'ricnpe ha? shf^wti rhal coEivcnlirumt |)cu-^'ii^ r-lraiti 
eqEiiprmiiit wit! ride ci>mfnrlaldy anmiid a enr^e nt a which wouki require an ek'- 

vation about 3" higher for c^T^i/iferEMm elevatiuii. For that rea^n El is customary to uw 
fuETOUla - 0.0007F’f> — 3"^ for dctcrmininp maximum altowable paa^-ngiT-l rain 
spi'cd.' 


I Dtm’H/ruff* fi in FMjIanr pt ™it™l Wn|{lt EntiU^n^ hy m I’borJ. 

ill Tiiiil^ WnltllitlC of a 11^ ptw*i ' " ’ . 1 -1.L .1 


■ 4 :i|ft 49 dl?iatf']y to l>\. lklp ;|»njv|ftM H. *jjTij 3 |i^ ny ftfidthx ckim-V 

\K a-T Tor UicuO' nl rurro mi\d tartbrni gl lnyihK thsm OiO.J 


I AEid niiillAil f>f U^inr fliiL. 


TTir niambiPf ^ krich« 

_ . , urd b I. 

ftf m\ Bwltr^K riirvrU En^Jc. n- ^ 

» p. 3 -lA Ter nf ipUlll I P«WTWn rar 

* Scr 2 -ST (ur inynl^THl- ^ ,, , , . I i . 

* Fftt^'rrr*r"‘» Hiuir'^StHLE. k«viag Ipixo ■.-eEiIcC rnIL HtALiiLJcrP. tutd riiirlHmnJ Rwina Euuitfiin 

w nnHDtiElC Wirv*l TOmJnrtMyy ht ipttttr iW a' Ullt»i*ftrc4 tHiv-Ktion lw»Liw tkCPM hi l4tt cmr-i»dy 
full, ll if lun^tsU tJLlE. wEwipD campfotr Ei«W°fW tmin* an? with MlEi IkUllHPilt lilc^ TEfiiMMtKnta 

'IrmU” iMtP hTnimd* to dHcrnna^ Ui* tiody fotl ('"ARItA MaxiuBl, ‘ IflSt m., p. 5-^11). If roll atkid^’ '» 
trWi Ihui I •30'. a 4 TMihmlifiCvrl 4*liTAtiiin irJMT nr uM&d. 
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RAILWAV, tKUUWAV, ANfl AlKHilfr ESGINBEHlisrti 



BUlDGES.TURMTflflLES AN(J BUiLHMSS TUKWElS ON T/SNGENT TRAW 

Fict. IT. A KELAl cfe-iLFoiice diiijiribJFw^. 

^irfih ip'Bt H*- hf tuniiitAiiit'd on iimi'^r ndt tbrirLii^bi^ijit VVhL^cv ^pirid* tiff 

PU|^t^TvkwAtiui 4 at and incfviiw;^ UEiifdniily aloni^ ihe ^iral, the full amouEit 

tpeing attoiin'il ml If fv'A it \s n<i-oeJigar>' to ftort the PupeFelevation 

At eome poaol on tnn^tent (hock of rc) and! attain full slup€^r 1 ^levHlia^ At a point on mrvo 
a ftUtonee from PC+ 

Ga^c. &7nad<jrdttage of railway troek Is lx^lwi%!ii jo^kle tu^ari^ al niiW [jiu'fuiuotl 

?i' below top of milK^ This is standard in North Aineri«i, the British ThUs i except 
[relafii-i), luiJ murb of Europe, well a,^ in many cither parts of the world r JFiWifc 
ia UK.K itre: in EOiw^ia and sevcml UaLlic! rounlriefl; S'3^ m Iri^lnnd, Auatniliii, 

ami a few other eountnu**; and S'fS^ in India, li^piiin, l^urlimal, and the Argentirw:, Of the 
narroirrr mosft cf>ntEnoii are 3^6' in iupon., NewfouniHiiadp and various pnrt^ of 

■Africar "mi'tor"^ gage in North Africa, Biinna, Weatcm Cbiaa, aad of Europe; anti 
in Ci'iiltal Ami^ricaii eountrieo SevcniJ lainor Vitus in foreign rounlrie^^ use 2'0' 
utd 2'h^ 

Track Spacing^ For stantiard-iEaKe tracks, dislaiiot! bi'tweea center lines of moiii 
tracks nhould not be leiw than 13' {meit-aacd on curvis by 2' per degree). It h quito 
comuon to aperily 14* «!alers for new eoDatruelion. A number of alates require 13'6‘' 
or IJ'O’’ bel wt>E^o main trucka * 

tmL-ti .pirirf iipj tu ’ip* U1 C^jrvv EtlMJIi^ itlMlk 10”^ 

~ A of Lrttal H«|iiirraiHn tn Of»mi^ Tiup /k TJ^- t, la^Tli, wUlch thr Ntam" 

tT»rk r^bi-F»p hi HluKifrii in IVrf. tui J54f. [r. OflO, 
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AREA has tuJoptt^d Elmntnr*' diagram]^ fur Lii-iiiB.Tt, tiinitibJilMt, I uniii-lji, 
hijifdiii^, mnd oi}wr fijted sttruclun's to i rackjt, tu* i-hown no Fig. 17.' Althnii^h 

an ovi^rbn ad EleartitiEvi uf 22" ht dc^^bk; win?cijilly on rk-rtrifiitl l\n&i with ovrrhnjid 
tmlh-y wirLT^, tnoJiv utinllEy; fltnjriurvA linve coiviJiMaiily (uftoti a.-i [qw 

liri 1 h' ^^Vi) m] mil tray n ' VleanirifMe'' cun# wkh cv*s bir mt'AFuring and li 

thi" Ek'armsw of hat^l atnjriun^^ ndjACCiif to tmeks. 

Equipment Dimeiiajqiis.* i>jWJ'-r^erfn4: lifCfinuttivet: IFcispA^ per dnmn^ uiic ^^000 
to ft2.J5CH) lb. lin^i <Hhovi' top of rail): 15' ^nuLtj. RViikA loul totml): iinax). 

Ij^ngth: 60' pt-r unit, for 1,750-hp unit* and up ic 70' for Ijir^^r uniti*. iCiectrif (arom/h 
tivea: mxdgkt ptT driving aslt^: up to 70,000 lb, ui^w 68.1X10 to 02,500 li». flHghi: 
16' length: u^iuiilly from tiO' ui 75' per unU^ Sir/im tofomaiU'c^: per 

driving artf: 70,000 la 72,000 lb itiia.\i: 52,000 |o 67,000 lb mnn- PLUnmoti. Height.' 16' 

nra^Momdly^ 15'G^ comiricin nmskiiiiiii, loss, for oEdor lunjEDOtiwii. IFid/A: ] 1 '2'^ ma.x[- 
mnm;; lO'O' eoininou. Leiigih {vugimt and lender); 130' for largo artieulaU'ii tj-pes, 100' 
to 115^ for noimrticLiljiEittl. 

Freight raf¥; Weight pet orfe: U-^iudly nint over -kl.OOfI m 45.000 lb. Height: iS'li' to 
14'. Width: lO’G" miiJi. Length: 40' To 60'; .‘fpeetai tj7pt»s up ii> 70'. 

cara: per enrir: under 36,000 lb. Height: 13'6' inslially: for viKitA-dctUF 

ur two-level mr?, up to 16'I O'- irptflA,' &'ir to lO', i^ri0h: 70' fur oider coacbets, 

modem care 75^ to S5'. (Talgotrain nin^ are 109' hmg (for 3 iiEntis), 10'lO" high.) 

RAHWAY BQADB^, TRACK, AND STRUCTtmES ^ 

Roadbed. Width of rt^aillMHi at snbgrjMie is dependent on halJast wciiun. Twenty 
fwL if) eoEum#>n for einliankinentF for FanRie-track linef; for ^liiing? miiJ tnisior lines^ t4^ to 
J8' may fie For inulliple tracks width is incrta5e<l by track r^paeing. A roatba'd 

shouitkT of lit leaet achivuld lie ntaintained outride toe of bulJuj^t tsbp).*. i^ubgrade 
m umnlly flat under ties and sloped doam fabout ^ in. per fl ) lH:y(suil tlcw lo facilkati^ 
drainage; oecarioiiaHy sulagnoJe h* slnpi.Hl downward tjotb way^i frotn center line, Sbipo 
of !subgmdo i£r the same for straight and for track, provtrion for aupi^ntlevation 

talng made in bakast sect ion. Tlie section in excavation is iMSed on HtimEiiud embatik- 
ment section with additional widib to provide for side ditches. Koadway riiie elopt'S in 
ex-i^ivation dei:a*nd on material en(xmntert?d—iwually IhoriKunlal) lo 1 ivcrtieal) 

for earrli, } i to J for Irawe rtwfc, and 34 to 1 for solid itwk; side on fill am 

usually to J (they may be ateepcT if All \s made of rock), iJodern tnculnnh of con¬ 
st rueilng nnlw^ay fille include placing material in 6' to I2' layers and ml King to weum 
pm|jer cnfnpacliiHEk.* 

Drainage.^ Adet^uato drainage is or futNiLairvi'nial Imjmnanci.-. Culverts and bridges 
sh^Hild pmvsde sutfick^nl openings to carry normal de^i flows of natural wnierway? 

■ KfnHiLiiMifiiliiLkjiui in .MiuejAL'" rd,; rl) C^mwki^ ilwwii in* fur uuiitpni irsiAt nnd tar 

Div romtrvcilHm. Cliwirpnia" fw re«HwB™r1.tian wart ur for ilirrtTkrtu arr d^ptaiJinl 
cDDiULicuii Mild, wltei^ rruNonitib' i4wjl4 tw i.7iipnkviMi ed n\w*et rt'qir.iint^rriliii fur lurw scaiuiUnic^tiDn- 

(2| on rLiT^'Kl tnu^Jc {JenruiLm shkli be inrnfftSHi hi iJIbw 4)Vir]kUig ilni Elllitiit cl m. $&' Irthpr, 
brtwri*i] nthuui- cif trucM, LI' hasb: □! ouur njl bfi \n witb refs 

miuneodjMJ jirsfiJrHs at AR KA; i.4]i froEJi ioip at fnU U^ t^[i uf tkw iitiitL ]>c- takrb ** r IfacaL 

(Eijip«li(»til;*i to JBUVrni^ winni in cipaiairl willii dinirtalatu *3hiWb. ^ 

* [t HhiMitd tm niDhKf in nMiakdctwa vipi d^ktimtiuFi i4 p^ar \'IKXM^mrfi iJlmi Uiit rUewnrjrc-cif a liiRjli«hr 
linde.^ atKAVTt tt rUlMJ: LnHuk iibutild bt* it Iraui !§' L»' ilfeMnlric). vi|]ti«<iv*i r, ur 14' rLr&rBiLij'r In 
-flrbatit wluftj rtilMT^y iiRMOii CHrtir hialiiA^'. 

■iDeEulnl iDforniRlivD ELitiy fiSilid hi "] j&mieiiIjEIw CychFrjeJLfl, " uni "<r*f Hi.hhltfti C.>pliju«Jlk” 

^ ll^i|3n)OilH<-^K<iAnbEUUL PubJaiuEifl Curf^untiuDl, br«' vl 'H'Iiu'IH 4.r*^ IRhlcd. vrrrl' 1 

^ AR^A rBComiii^edccI fcir milw-ji^' piLHliLeOTbK w xivrn ia ’’AREA AtoauiLj. laS* *ti£, ( 9 ^ 

Eui:i(Dut4.-, |i, “'baUwaiy Track uiii rflnictijfiN C^'i^Sikp^La'' by^hitiRj ■lart of 

BfMNlOilin Pi|ti|Nliukj( CurEvaalluil bi cuaperat-bn Wklli AuKA Mkd dUT'I*! iKrtiiHi, .4Alt. liin^yhlH an fii- 
i-tIIhiL HHiraa at refnrtrnnt ftrt- Inirldi. tifidlEm. lUciLali, uid u^ntar. ail. and aMiitaUuq f«rtUl.uM. 

A rvijtiaiT) a| iar> c^yclapwiia bi IrilltlwarJ iryrt^' X yvW. 

* ItcyonilaRnditHm* IMid Hp«i6caliuf|A far S’QTJaathsn nf lair RnadwiaV arr J»Wn ca ".A UK A .Slaniml." 

lid. ]-1-1 ta l-1-15|i. sVi? rj. S^-LMhftir awdiiJita c4 f.nfcb«akjiii^t«ini|*VtioR, C<rtiiilnjrtijjii oi**lhoda 

Rail ijud Df> mcflLi fmil^Ry BJ'aduiE ivijjn't* Rie cW<-rilx<l III li'luSuLM rift-iurtM AKK.A [injH 

* Afti ".ItllKA Mftiiiihl." ttiild wL, |j|L t-l-l.’l U¥ l-l-ai for anMiiR|jL‘'[ l-iH lo fuf 

nRluintl Watiif mi'PL>i: ajkd [iF, J— 1-1 tu 1 - 1-35 fyC i.'ill'^'iirEr. 
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witbuiiL '‘‘paadliiK'' tbi? rciiiibcd. UIi^tp trucks itnr built in riviT vitlk-vit, lint* 

i^QuId be Ichdahxl hi|th t-ninigih tci itvijid buliijt VTA^bi^l oul bv OockIi^, ii]thnu4j.b it niav not 
edwftyfi bp p^^ticabk- lo proti-^i it ihe mo^ t'KiTfuiE' flfhChtia. dtaimi^ 

l]iciud(?« aitiliciiil e-urfaw ami jiubaurfH^^t dmimage of cul-^ and filk w'hich mpke up itwt 
roadbed- In loeatbii; lint^ it \» desind'jtr to uvoid iw f&r pra-rttiaiblc <11 iu wet 
springy pound, (2) Jong cut? on ttiw gimfii^nt?^, and i3‘ Rib ftcnwe* iiwmupy ground wbicli 
cannot be n^adily draJuj-ii. d»'£n'naflf b providL-d by dileAftf in cul^= lybich 

diain rt^adbed nod intcrevpl water from jflopes, and by iniefctptifig diichf.<, .Sidf 
dUcheM^ Bbcnild he Ipiiist I ft wkk-^ at boitom nod I ft deep below .4utTKtmlt% with iiide 
fflopcH depending upon the iiuiterbl Thi y should havi- n inimmuin gfiulient of 0.3 
percent; in long cut* grwJt? of *Hie ditelie^ will be approximately ihut of the track. ^ itht 
ditehciS are dewirabli^ wheJt? trouble from Hlidei*, or falling rack occur?, both to a/- 
foni fftorage spare iuni lo permit ui^e of "ofT-tiuck" t'fiuipmeni fnr ch-iLiung. fnitf- 
cFpling difcAw may be needed along uppiJ wife uf cuts if ground itloptw towanl tJv* road- 
UhX, and Bl kmi 15' from toe? of filk w Mch nwt uu ^>ils thal may hifcome unstable when 
E^turated. Exef.^ in twipcffiiOH? c(fiM:tivt* of wet cuifl ainl of sadiraU'cl 

mn\ upou which emhankments rest may bo attaiued through of pipe dmiiiH. Tn euta 
pipoH should be laid pamiy to an-i 9' front ctMiter line of adjaoFnt imcis on either one or 
iKith eiiJea. Along tiniljankrof^nEiS thi^y ahould be located about. JO' [foin toa of ulopo^ 
Pipe gradient t^houliJ Ik- at tenet 0.2 poret«nl, paferftbly 0-4 pi^rwni or more where praiv 
ticable. Trenchiw should In? IiaekdlJMj wjlL permeable niftt4>rial^ In wet euts it may abo 
be neceegary to inalidt lulenil pipes under the traek, epact^ frutn 10' to 10" apart with a 
minimuju gnuiicnt of 4 iierfxnt {preferably 8 ptw^nt i: lalerals drain into llw' Inngb 
tudifuiJ pipes. Vitrified-clay J!ewer pipi^ with tjell emU or perforated corrugated 
\ranii«ni-ip‘i‘n pipes are eommnnly levd for subsurface dniiniijpr. French or rock draiiis^ 
coEuualing af loonely placvd in trenches, have heen feoit'd for draining eiiibank- 

menta W^hk'h wute lunde nf water-retaiMUg materials. TJleat! are 4' Of 5' wide and built 
iMTFoaa fill at intervals, usimlly exlending from track to toe of slope. If rn't^ded, per¬ 
forated o^rriiitHtwldron pipes can Ih^ placed nt bottom uf thei*r trenches. No fllamiard 
n'inedy b available for 4|rHi]iagv <jf imperp%i>uri snjb (cuniuilUllg lUEsn.' than 20 percent- 
clay b Tvoweriug of water tabic iu such soils will improve thi' bearing power nf subgrade, 
Dridn pipt-s are of no \idmi in the denser clays Water should be^ kept away front soils 
of this kind wherever puwoblc. 

Roadbed Stabilmitioo.^ ' track requiring conslbTil nudnieimnce to keep it in 

pn>per “aurfaet^^" IS MtuAHd prinutrily by aoff imier {baiimt) pochtU, or oiber uo- 

iduhlt. coadihons in ruailljfd materbUs or in the ground on whii b the roadbed is built. 
This conihllon may arwe Udow The Fubgiadc in cuts hut it m mora common in filb- 
spoU are due to instability of the material when KiiurttU*<J with water, which muy la? 
held in soil either by capdlajy actiEPn^ or by Inek of dn«nagk\ or lioth_ A ic^der jMckii ie 
usually a deprt'sskiri in an imp^r^'icstw subgrade ijown into whirh iialLast has hetn fcircisl. 
Constant churning, under Inaffic, of bnlta^t in ihi* water which L- moliEhE'd tben* inen-ast'c 
of pocket ttnd much of the noflened nuiterud is forced outward and upward. This 
n-i!iultii in unstable track Tiifcjuiring expctiRivo mointeniiUcr^. tills made of unfuitalile 
maieriaL or built oo doping ground nuiy dc^'elop icndencik^s To sheer off or slitle- Stablli- 
Mvtbn of rcadlaal luay be acconi|jli»bwl by (I l imprr^vi'd draiimgc, (21 prcaaiin* grouling, 
i3) driving of poles or lii"-^ vertically along the track ne-ar ends of tie^, and (4) application 
of natid [Mk-s (drains) lo nmove oxecss wator. ..Studies have also been mmh of ufMj of 
chcmicah to slaiiilice the soil and of a imtentCHl electro-asrnosifl pioc™ (in which by 
passing an eleetrie curri^nt ihnnigh clay, w'aler can be nuido to flow through iht^ clay, 
conpoliflating and ?trimgthi-ning lt>. 

i ^ MpJiiwfcl.” lUM irf,, PI^ l-l-lT Ui fur rwlM iL^bLliiaUtsa tad EOhlwiy {wtecOua. 
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PrfAirurt. ^ouUng of forcing b. '^iliirry” of jiiid Band into Buh|tm.d<^ or 

pintmnkiufiit either by luw of comprcswd ftiror by kyilniulio pn-dwan'. The pMeiiiujilir 
profit Diore r^eonomical for J^hort ^ectioru of trark requiring nmne'naiu^ "tnoVEw/* ajirS 
hydraulic niL^hcKl U on work tin a c'ontinuoUB i aiul far aiabilii- 

Log filter* A number of milwayH rvpon very saib'Faoiorj-^ tfauIu in thti itw’ of pn*iwun' 
grouting at locntiosiB where trinjbbsonie rcmdhionji hjid pn;vioii«Jy esirfled.* (Jo ih'W 
lin£#, particular can- hto* been taken lo investigate soil mnditions and apply modf^tti 
»il-mechanie» principles. 




p-if ifO' /J'l 

-^ 

iJJTW 




Levef^ 




of fie 


KoIb' QadosT ilspc& 

2i\ fer prflpored tnaltriali - sronK, 
SL 09 and gravel having over 20% 
crushed panicles 

for prepared grovel Moving 
Ota 20% crijshed poriklei -and 
pit run gravel 


Depth cl sectkpp to use will dapenef. 
an candillant picubar to eoch 
railroad or location 
Voluts for A,B;W,X, Yand Z ihawn 
tn AiREA mqnuilJ 


Fifi. 11^. .AREA hdtiwt rii?etiOfCia for tiuigt-iit track. 


Balldft. HallEkBl huklB tmek m line and surface^ prtmdw ijrainagn!, aiwi dijrlributei the 
load imiferinly to auLgrade. Stone, graved slngn dnilcra, fuid a few local materifllii are 
fur bal Laj^l. * St one ia t he rnont Bat iefactorj- TnatcrioJ hccaiiw of ita eJicollcn 1 rf rairui^ 
qualities, fna-dotn ffom dust, and the fart that H can Ire rri^atiwi pt«riodieally; it j* 

1 Unp nrifuau^^ (ratjliiif m niLicf abd atk l-tijrr'li^r lifiMUm tipA «r# far i brd’rtiii/iiE 

i EiJlld jerk, like Otbiidr htriwbina^ which will nda liir BliirrS'- (un:lAairld]|' aiLd, Atinll-liuE lartaicuni 

iLrMiVii 4lir«cl p^Qn ulkn rrqyEhbd. mihI# art drivEEj Lnlu iubRndr nr embiinkmjinU. tllijir 

Iniarh and vpAqinB hnTina bcmi dDfeermiiiiBd tJmHiiH u wvfYtliajUinn ai whiKli liKadon and 

d«elh uf ballafit |X»^kct# ur lounA BrtE ranllii art cIlitBiEinj aLtli Ihfi iite uI! a raLhrt Uni* 

MJsd Eiinb ai b^h land. I'be iKOjfr&niCMMP Hcrf rtmwsit and ujad bn \hm iluriTr iWlT itidetf chl^kdetvl ijo 
r<mdjiLoni U^ br* alj^'ii'iaiiid- pwinvudw rane* hv hMi^i Iri-'^ I tiait to fronu I o?- T 

paftli of aUkd. For fraLiliHr>. likbTtarB Lbtv lumEEiinrt brtn aa liVia an 1 j.4arE crnM?ul Ijq 

pt aaoA 

^ C^1» nml mamtanaiiiw data qa eroutiofl nr* Bhawa lr iFVoc. voi- p. 11^, 

* 'AREA Xleoiiiil.'' ad-. birludcB ipKifirtLEikkDfi fur ituorr^ ilefEr a^ieI artvri CMJtaat and ftw 

|ul>ri;fl IfravH tadliiiL. ppL to 




































2-32 RAILWAY, HIGHW AY, AStJ AHlPORT ENGINERHlXrf 


for bi'ary-iDftffii;' lints whenrvnr Its cost can be ju.4tifiKi. Fi^fusv I S ?1 iowp AREA 
H-rtieTU=i lor ianj 5 i?nt track^* Upp^^r fiffon' Hhun'? tbi* tm? of Jin iiiFi.‘rit»r KiibbaJla^t upon 
whirh 10 placitl a layer of sebrt4?ii top liAllast: lower liipin: a more 4':omiiniis (ttetion 

using one grAiJe of bAlla^Ir IJaltA>=i siopt«! iomot rnLi«i tiF Tiei an* ofli?n rounrletl u^iiiik ** 
rfedjiifl, SnperelevAlion on r^irpe? U pno^irf^Hl for in the l>aJWt Hertion, nismial df^pth 
tjinng uuuntairk-d uadvr tin at lower rail wiih ajicliniKuiJ fluplb ol ballA^ on high side, 
IX-pJh of baJta^t depw^ndf* on eharacter and amnuni. of Irathr, kind of l>allA 0 i, spacing and 
length of and roadK-d conditions,’ 

f ^RrTtfie^Mpptrr^ Tmrkr Concrete alah? are ocrau;ionaJly plaecTl on Huhgimfe to 
provide Ln^lter iuppt^rt for l^allufft and liofl iindiT tsimout^* and m>i2^iiigs, iSpeetal track 
fi>ii0imetiOQ is often um'kJ in 0FAtioii£i and t.iinru*ls in whieh raiJs tvhI on titated wcwj^ii/'n 
bloekiE set in roecsses cast in a reinforced coneme bw=e slab. 

Ties, n Vwjf^cn crojsfiw (sawn or hewn) nre standard in the? conn try. They hold traii^k 
in hue and stiWace, maintain giigL% and transmit load i n ballfLai anil anbgraiie. For heavy- 
iroiEc lines, 7^ by S'’ or 7' by 9' lits- are generally uml ilnid flat^; uii minor tracks, tt* 
by 7* or by 8' are common. Ties are usuaTly S'" or 8^6' lon^K s^Lhough a few railways 
twe 9' ties, where subgratfe i^onditions are poor, (AREA lecommoncU lase of 9' ties in 
heavy tragic [inef,) liongi^r ties disiribute the Joaji UdtcT and wnijLtI probably reduce 
eofit of track maintenance encmgli to justify Ihe additional rual. .triage lie ipadng 
(c to e) of the nearly one billion ties in United States railway tracks is 2134' (iJ^GOO tins 
pLT mile). For main tracks, 2l to 2^ tif^ ane u«d per 39' rail: for sidiUKs, 16 to 13 per 
39’ rail cu 11 to IG ptT 33' rail. 

Over 23 million ni^w tit^ w'cre uRecI in n^placHmEinl on CIjlss 1 nutwnVS iti 19oG; 9S.8 
pcrcettt of these w'ere trended lies. Average wwt of tn;ot€.»<l tins was S3.4o (before placing 
ill tniek); for untrmteii ties, S2.0U ,4-nniial lie renewals av-erngrd 79 per mde of nuiin- 
laioid I rack for 1952 lo l9otI, Duriag 1955^ 2S,fl$8rOOO eroiwUe? were pn-sKMVntjvply 
Itt^led in this wunl ryl 54 percent of l.lll*2W^ were oak, 9 pi*rcen.t Dougliot fit, 7 percent 
gum, 20 pi'rctmt mixed hardwoods, and 10 percent of other woods. Fifty-seven percent 
wen- treated wilh A creosotr and a CTCof=ot<-coal tar mlxture-K and 43 percent with a 
creciwtt^pettoleuni mkluns Thi* ‘"cmpty-wdY" metbrwl of irefltnu*nt is- ij.sed for erws- 
tips." t^Fifrcafed ties !asi from 5 lo 7 ycaiw depending on qnahiy of tii^ methcHl nf pro- 
tecUnn from rail cutting, and iEitejunty of Irat^c^ TrtaUd tUhs have a servin' life of at 


IcnsL 30 Vmrs if thoroughly proti'ctod from nu'chamcaJ wear and track Well timintaincd- 
Tk> rciii"Wills arc nccefusliaU'cl hy Eii^cay, meclkanicBJ disiiitcgratiun of wood fibora under 
rail, inlurk^s due to spikLiig, at checking, splitting, or dcrailinacitts. Decay can be sub- 
Htontiidly eliminat^*d if ties iltc properly masoned^ ad^-d and boreti before treatment, 
juid if sufficient preM^rvadvr? (6 to 8 ll> rctainerl per cu fti is nppliotl by a Hatisfaetory 
proct-s^r Mechanical wear call \x ii'ilumi to n minimum l>y adiing for plates, prethoritig 
for jipikesiK and using cjintid tic plates of jqjfficient siise to diFfributo tln’ huuj. A numWr 
of roilwnyfr fasU^n tin platt^s independently to the ties^ In n’cent years corundi'rahle 
attention has been ^wn to use oF tie pajha imdiT lie plates as wsdl as to applicaiion of 
(Njating? and waling eirmpoumU to surfavti of tie. Tic pad* under investigation ineJudt! a 
number of nuiteiialis, variously prnccpsi'd. tii*a of sttvl or concrete have 

installed E^cv^bimlly on nn E^xp^riTTiKnlBJ Iiosis in thw country hut hnve not been adopted; 
Lbey are used to some evienl in Fon ign countrka w-hcre salwfactory w^mds are pcoj-cc. 

SiHirh imha-M an; fumifhed lui eels to support tuniciut.s and croMovens. They are 
iisiiiilly 7' by 9' trcalcd limJirffs^ in lengths from 9' to 10^6' for lumout^ and 9' x*.t 

I ^'AtLl-L-l. iwi. pp. li-^-7 l0 l-i-12. iliulri b&llAJil Hrikiaiai for ^tTBlshl Uid ruj-Ved Unirlci. 

nuMnllliM of bftilAit iMT milf ^ for vurvuia ckpibM net 

1 HrmLlmi lo &ii ARKA quBBiitaituEm Ihdirjtird fullo^rfavK Maf biiJb^t {nrjitpf twl d«iirakilirL 

lof tS1-4t> rail, ia 30*' for ti r^r W-t]i]i rmii, 30* lo Iti'*. balbul ilrplJs oa lL|^E. iJ^dj 

lucdiun lipn mre BOEutikf llblv bMI, On 44dinp. Mlly 43IKKJ|^ htillvt Pi Wf bpjd Iwlr Ul piker 

p^ndjjEorrUSe fcdoilillt# 4oiitin#n. 

I Tpm hrr Imlod dlhet bv or "KiiepukK pmN!!*. SpeajkBLiKifl fur LralnkTat of txM htt: 

Et-ftti la "AAliA ikTiiS id., pp. 1T-1-] (o ir-i-io. 
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for rrowioverf". AiRE^l ahU iddividiml rwl* 
hjivp prppftTtHl ^Uiifkrd lAytnjt# with 
hillfl of mHLt^njil for tunioutii und rr«wjw>vipr» 
for dilTL-n^iit frog n.uin}>er?. 

RuIb, Tht tee rail (Ftg- 19} ia 

fltAcdBnl for open traclc Ln United i^tsteg; 

ididor mib ikTr UBt^i tu aome extent 
in pavui riLieotji. Rail Aft^ ^tAletl in 

pdunclii per yard. Prior tn 10JO, Ai^CE 
■teetjiun WAS in contrftoo urt;. For this see- 
Uon height rqiji&Jrcl width of and pm* 
portions in head, web, and b^iSE- were eoti* 
?tjint for ail wei^ts: 42, 21, and 37 fM^revnt 
respectively. With inoreaisod wheo3 bad- 
ings, denser traffic, and higher rpced?n heav¬ 
ier sections witli mom girder atnmgtb wt-r^ 
needetL The trend has been to inorwie 
height, stmngthen web^ and iiDpro\^ design 
of head and head^lilliit radJJ to reduce stre.^ 
eoncenf ration under wheel loads. Table 4 
giVL>a dimensions of typical rail seetioEis- 



Fio. 10. l4tLlh AHFA mil tmion. (S« 
Tabic 4 for other properfiev of thia 
WKtiaa.^ 


Principal Weights now^ being rolled are ^‘meiiuui heavy" (112 to 110 lb) and “heavy" 
(127 to 140 lb}d 

Tht^ ceonuinie value of various sixes nf rail hna- been ijii! aubjeHit of mueh atudy. Opti' 
mum weight to use on a particular section of Um^ is 4Jepmdeiit on traflie tonditions 


Table 4 . DniJLvaioNs and PaopEmiKa or Tti'ICal Tec-hjiil Sections 
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I PmnjJrLvbihiLE Rjjlru&jdL 

^ ARI'lA. ri^MiinHKidjBd nJl Krcllan- 

* Ciitowki Fud Sr litia Cvrti. 

* ToEmiuti-nsLitbiR rnkt PorthittiL 

* Mudin^d 


(density^ wbitd load^, and aiMvdh ^LiljgFade, La] last, and tieft. Akbougli adoption of 
hfitvkrr rail inon^ases first po^t of rail and track faju^mings, tbiim are skibslantia] savinii^ 

i Avurtui^ Wruhi «f ndl -on inqin tmeks vf tJikiliHl mU wmyi W Ilb per Jl&U iMiitcbicMt lUl 

lb uraVf 9 -H uMd 4in 47 EHbr^iiL^Hr lUiBi'OBir /rr tu] rtillnJ u t-WIb f^Aerlkin Ufet-U by 

Hit itn linBfc HE Kf-Uoivr^ rwwinumdrd by AREA, batr bnts ub^pEed am itsaoufl by 

a lorvt au.tnb«r of iwlwiyi. 
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due Xo loHRL-r lift- ol rail^ reducUon in tit and nJid in Wjur rorti of tratk 

maint4?im£ioi^.^ 

Leiijfftk. ^lAndmil Itngl h of r^l in 30 tarli-er BtandArdi! being 3^ mnd 30 ft. Adoption 
of Eunger rniU wouJtt reduce ctist of track uiibjTittnii.net conBjdtrahly ainoe tbi' tipkocp of 
jomt hsTF nnd joint twn roTtJftitiUL's u mujor portion of the expt^Twii;. .^vl^ral rallwa>v 
Lave ln.*rtftllcc| 7SHt rnilfi imaile op by wcldins; tt^ o jflajidtinJ mils tofEirtbiirj.* rk^vtiniJ 
raiJwttj'^i have tnaJt instulltttionF of loni; Binrtchti* of cofUiniufu* u^ldtS rail; thirt typi' of 
couftmction Ls dt^tribed on p. 2^35-* 

Rail^ lire roiW from upoij-hturlb !ttttL Kpectficaiiorwi hftvi' been 
adopted by AR-EA ibin^l by AEnt^neiin boekty for Testing MattriaEs iAST\|), AREA 
nH^uirciiHMitfl for por-cenlifigcn of ctuuititooutB are us folEows; w^o O.diT to 0.80 for 91- 
to 120*111 rail, and 0.G9 to 0rS2 for l21-3b imd over ^ 0.1t> to 1 .OtI for nail of 01 lb 

ibiiil over; pha*phatiu (maximum) 0.04^ mfiVon 0.10 lo 0.23. Ttnsile rtTength inerfUJ!*y5 
W 3 Lb rurbopi conlunt, and duct ility docrouau!!. i/uTrDUr4£M! uicrenses stn^np h and tougbeiu 
nviataute to abrasion. Photphrmi* u an iiupurity whioh reduces resistance to impact 
imd make« tbi' rail brittle. Siiicon improves iiuality of sleol, increasing its density. 
CoTiittii wJiixg of rai!^ now standard praetice in rail nianufactun:;, has rcsulu-d in produe- 
Tian of rails of mure tmifonii quality, wbicb are free from "‘shatUT^' oraeks. liiEirdca* 
tner ndls provides mcrease:! resistance to r&ii batter (wearing down of railhead near 

jolutX 

Ifuii/atfursd are daRufied as Lraiuv^^ise fissure^ compound fiaTurv^ detail fraeiure fin- 
eluding sbj-lly Fpota anti bi:ad chockab eogubu bum fracture, horizontal split head, verti- 
ral split bCTid, crushed head, pilKd rail, Bplit web, broken base, ordinary' break (sQuare 
or angular), mid damage^i rail • broken or injured by wrecks; hroken^ flat, nr unbtilani:t!d 
wlK'tils; slippibg or similar eau.Hi'S i. Tile transvi^rpe fissure bns bet^n a cause of serious 
tirjiiijlc sinco it develops undft trofho from imperfcctiorw: (tdiatter cracks) that cannot 
\rt* detected at the mill Hom'ver, current pr^ctict* of control cooling of rail has pracy 
ticfiJlv t;]imiiiated the development of transverae fiR^^un^ in rmile rolled in recent years. 
Most railways check Lhidr tnacki^ perirjdicflJly with a ^'ilifteclor" ear. Thbs mokes upi- of 
an ekftrical process for detection of l^onJiv^«ra^^ fLMian‘:H and other dawa, nuiking it pgc^ihle 
lo remove such raits before actual failun’s occttr. Apparatus ha* abo been developerl 
to locate any flaws in rail within joint bora.* 

AUrtg Jrferf ii '“sfcel ctintnlning mon^ than l.Gfp iwrcellt mrVligani^se or mote ihan O.fiO 
sliicen nr otbiT dements addini for the pur^jCTSe of tuDdifying or improving the trmelianieal 
or physical properties nornially ixwjjCBdted by plain carbon stei4" «ARE.^). i/uiP^pir-BC 
sfeW rail h ujvd in constnirtion nf frog^^ and cmsfiings and may be ut^ied on Miarp curves 
to reduce fail wTar. Hlgb-^«ilicoti and cbromi’^vanadium wteol alloya have been uaed on 
peetjoru* of track to rpdece Jihelly sputa umd beml chi^du^ 

ContinUDUa Welded Rail. tfLtlce maintcnaTici' uf the rail juiut anmautif to nearly hiilF 
the cewt of maintaining track, the elimination of jninta througli the use of CfruiinuoiU 
rreWed rail bait Tecnjvtid increasing eon-iicU^ratSon. Huice 193ri„ 721 track mites have fjecn 
iaiil on op(m track (earlUHive of alMiut 90 milns by !\-ons>'lvania RR in a large yard). 
Ad^Tintagep of its use include: diminaiiocL of joint bars and acce«HPric*; ine'rcased life of 
n«I thjTJUgh eliminatioti of roil batter; redurTiun in lal)^>r cwts fur track surfacing; rc- 


■ A ftiffimuvDt] □{ 112*11? m^d |3|-Lt» rmJj un m tat McUotl OH JlUjmaa Omtr^ flR«lw«i'«d Ht AVH«K4MrSni 
in "aiiQiiJ" «^l (incUulWff kDTaim^fit ch^pOTiJ uf 12-W Dlncf ftO I Pl'rtr C»*riu<i T«l* Hi other 

railwan ImTt fcket mciMtcd ""aiiii.uJ'' iaifingi dunj U/ Jn^taLlatino d4 Itaid/Jr e^Il 

t AAKA coiDiuitt^v j^M3rl<<4 duit Lo T1I54& iiitbc triiiOway^ niLlofe tif T^Si'Ti- r^LI iiti th^f tiiiH; 

beM-hiuim oJ Hiaiiy ^bart nir^Uih™ of TMl («f fall uM llumiab likiliwiLy ilatkt 

jjSTi*p™ 1^* «]lfrrLatJ%^ t«i IttAHllmtJuii ul cantbujciiim nil. arv iintfffviiy in 

*itkl fr^Jrffi jtrinfr. ImaM- tl^ raJli orr lud MnlbiiDt iiHot Eve HieL wLiL NiiIficKqt -baLl 

Itiaiw rtiU . ..r-i ^ 

4 AflbumL rvporui uf AhVIA ran <^TQDihEtKinrkTiuci iHiElfitlni Dh urtn-l^ Ml^n Nrrvtn# IftlJiiirH. CtiffHtL 
pvwKnh W undn^of umw H^d m«diri4 Otf jmrnntiDa rgntM mbd obicAa, nhMi bmi-ii bwo p 

mrUT^^ ^ bjutb ipiuM «i r4nfi» uiii IlnM. 
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duction in mechantraJ wi^rt of joint ti«i with r^>Ku]tiii$; increased iif*? erf tlu'se tiw; morp 
ritiHpnt traek »\gmi (dreuitj^ without ufc of h*>nfiU U^twef^n aiijmcent railf; ftnd ruMliiwfl 
nuuektcTuuiw irf locomotiTPT4 ourl cao. Potiv^ihU- rliruJviiiilbei^ iiirliuJe; finrt owt of 
Wi'kl U'Ltkff |^rcau.-r Ihmia that eif juint-bar 4tR^'nkl4yr inerraiii'si oo«t o^ ^'chan^nf out'^rait 
In oiiM? of R bn^ak;; and pmhakdi! liMitation of trank maintniuuicn to lempcmturv^ 
that al vihieh woldoil rail wazi btid. A study hy hik railwayB, which had insCAJbti non- 
tjiiuiiit^ ^-<Ldi|iHl tail or hoa^'ic;]- kK-^ctionk, indinalcd dnit tost ot tnnlik'd 

track to In: tmiyly ^4,000 mao* por niiLi' tliaii for jointmi I tank, imi tho n^J onniurf i^Avini; 
wtu« nearly $700 pnf mile. Lrfo of nuJ wa^ t>7itiiTiattHi to bn 20 V"oan^, notnpan.'d 

with 10 yeans for joinu^d trank, Ctwi of widd wiia $10 to ft2 uach.' 

Early wnlfllos of ndt Lq United SiaUv w&f- dom' by Tht'-rpnit pranesa in whinb Thi'rmit 
melal i mainly iruti oxide and aluminum:- wn^ fu.-«.‘i| with ihe mil mi'taLl. The 
now piincipally ii--Hsd am oxyacntylene pnwun^ WbHdinf; and tiliwLrin fUtfh butt wi-ldini^.* 
f^landaid-lnuKth nnntroE-coolt'd rails are weldtMl to^lher in lengtbi uF 1200' to 1500' ai 
a ptani set up at a yio-ij aSotiK the raOway. The^v '^-4tnnJpl'' of woldt^l rail am ujnialJy 
hauled t€ track location on flat fai^, although nthiT meth^Miff of tmiwporting tht=“m have 
^a%^n used. tm* nnloaded by anchoring theni at f>ne nml and pullLrig cara out frcijn 

under tbein. Ralls plaa-d by a rail crarn? (or other meth^all ami ^^harred" into 

pkaet\ These long railfl am thi'n wehkii in the track to adjarent ones to Form continuous 
woldtjd raih of length desired- Iji-ngth U guverikL'd by location of lumoma and by dirt- 
tan a* twlwenii signals, ?dnr^‘ Loittjlatod joints muHt be provided at ends of stgcial dreuits. 
Ijettgi h is UBually from 5,000 to FkOOO ft aUbou^ weldL-d rails nearly '20,000 ft long have 
bnm iikstalled. -Standard Ej^dud joints ar\- ufed where continuous welded rails are joined 
to Hinh other (ur to arljact^nt ^'clinit? uf track i. 

x-l nchafr/ffr. Continuous wt-ldcd rail twiuire# adL^uate pro vision for anehoragi' oF 
raibt iu tits in order to develop snffieJeQt rL^straint to elimuiiaie expansion or concraeiton 
due to ii!mpt-:mtu.ro changes. If ndl is rigidly atiL-borid to tiiaf, the only changi- in length 
of r^l that cun occur b that nurri^poudiiig to uiovcinnut of tii.4 in the ballast, ^ix 
rnji inngthj 1 . 234 '^ are usually oL^ded at eunh end of welded rail in order to build up full 
tie nbiiraint. Them ii some changi- in length of rail llirouglumt this distance which is 
requirt'd to the rail. For remainder of mil, tht^ro is nn expansion or eoni ractinn, 
but a unit Drill stress Fof conipn^-sfliim or leEuiutii Is kI up in mil biM^ause ^rf full rest mini 
Rail aJichor^ji^ tiiav be oblainud by usu of raiJ uuchora iFig. 23: or by adoption, of .ipecial 
dip faslemogs of rail to tie. If these am UJR-d, it is eoiriinon to altemate rfip ftoiteniogs 
with eLamlard spikes. F<ir middle port ion uf wi'lded rail (where no exparirticin or con- 
Iraetion Dccitraj^ it bi ilcsirable to have «utFideiit mnehorage to eliminate creeping of rail 
and to albw for passible rail bn^aks, w^liich n+quim temporary use of boUed joinra. 
Utile trouble huM been found due tu L-xpansjan and contraction if rail hm beim laifi in 
ftiirly warm weather S7E3'’ to 


t trf !S[I«^ Oom-niltlia; □□ CtMilieilMIlf Hail. Prcc. AH&A. rub St, |h 1170, CULtr rt- 

Iriri-tP (4 Olii cuicimltl^ Bibtv 19^1 ruv^ rKbrbAliuri, lAylnfi futenhiCfr, ituLLuMiu^iKiF. ■Jid trancHniH 4?[|r 

WitLlllUOlH woldecl Tmik ... , ■ . i i j j ■, 

7 DcKrLvbuQi aC IFjA# m0L|i«c^ mm caaCamMl in FumniLtlcH? un roaLUibQil* weldeil rajL 

Fur bRVftiwlylHW [utk™. iee JVee. AFE.i. -rut. sa. ji. anil tnr rifclri? ftl4i^ h\it\ imldiqff. am vol, S7. 

^t FrilowbiK lEifilkiud miy Ih liwrd or End i, aLMM, ul, in tail, far ■ LqinjHKmtun: chliiiafi aE I, 'F, alraw 
Of bdeiw tjjjinwranirp mt which tail w UijeI; F. luuJ futer. 1^, which nmit ^^r tn ■ttnA Inll rt- 

#tfnint: -V. HUliLtW" oi lU* to drVftiutJ Full owtr^iot^ Jt. diilMnre, f E . urtKlcd. Ul "hJC nul: ilul fn tJOU]*# 

Lu length, ifl-. in Zi. A iM crT>rt-*Wt^ ain-a of rail, rtq lll.[ — 30 X Itw |Mi. riwsdnlLJi nf l■^tJdl^-; ■ — 
0.3 X lU^i al Ea|MikPbtii c, P|4rimE uf tin tc Toch ki.; T, mbtAun' |P«t tw. lb: 4Uid wUieuIaI 

^ d ma jiAnl t* FnJ ■ l-OSf; F - IVTrt.l.: ^.% ■ F.-T: L ■ cS^/lt!- i * c#^/2F,t j&r 

tl jiuiiE k aMiiiEar4 |iruvidr aildtUunHl rtwltwiiii, iF — Jy aIumiEiI m uibvOtut^u foe F in [ontitLlu fuf 
id, m^4 I- 1 aiid F are Uniqicnckrit «l U-uittll: uf wrfiiid ntiE prud-dnl ll in njual li3 uf i^Klcr ibrniy 2L. 
P w«kli^ mil U l^ thin 'Zl. 1 , itpove forukulu dm hoc fti^E'IXp m NUi^h a Uimr U muiui ^hano* in Icnith 

UD to udilJtu tRriEi I of mil uid lHis full m * m _ . . _ 

Aaaiiiik* u ^ 401 . 10 ' wf^J4ed rail, 1^-lb Ki?:: icftlim L--1 ■ laid at TO F. iwilh f » SOO. 

c H ai ii 4 * iwr 3l7" raU r. For a turnncfaLnrn clLiU^itt5 ut 30” 4 tiov« or btfjDv iwti. 

fn|lu«L . - Si.7W| F - 126^: A - IS«: t SST; J - W.fli”. It a r*. 
afrainJ tA 50.1500 Itj a U«Lbj.dd: — Oii L » tOO^^ i ^ 0ri!0^„ 




RAILWAY, HIGHWAY, AN‘D AmPORT ENGINEERING 


ElTporimfntaL wnrk bt'^ing: eiLrnnJ on in lai/ing faii tighi v'ifh jTTAi^n jitinta (nn' p. ? ^ 1 
If ihi^ b round to hi* in rvdinc'tioii uf jninl mainf memcf*, ii nmy fimviili' an 

hki-mflHVH to iiv^lalljiLtiDn of iKmLinuoiJt^ WL^klnJ mil. 

Track fnififfiiHgif iiifkidi* joint ham niid (bolm, ootjc, hprjnu 

wa^lieirii k ^pik^^r pLuloHp and rail aiudtum. rail joint ^bntiirl fulfill thr InllowiTig 
KiKniLmI ri.‘C||iuiTTiiL'^nlH: iLl It ^hnukJ i*o fonrui^l thr rallii that tlk^v will ant aji a i:Hiitiit|iiLjo>it>^ 
giniifr mlih iiEiifniTn Aurfaci: ikJicJ ol: t2) \Xf rf^jsitaiicr Id clefi^ction HhoLilii 



Fio. 30. Ht*Ad contaETt Icint ham (inla^D 
wvbj. 



Fia. 2l. Head^Fiw Joint bar 

(tnrniaAtiid w^hK 


proach^ n^^rly a? pmwLirable, tlmt of tho rail to which It la to be applied ^ it should 
prevent vertical or lateral movement of th? endfi of t.liL' mila relative to cacli othEr and 
permit lonj^lndiaal movenuint nea^nsary for e^qianj^iEm and contractiDo; (4) it fboukl 
be ns MTople and of a» few partP afl p«q«ible to be etfcctive.^^ tAREAl. 

ioinf bars lire maite of htglu^tieri Httad or qtienehed earheii steel. Joint ljn.r fita 
"fi5±iiiijj^' npoee tbetween undi*mdE of mil ht^ul and lop of rail baHs). Top of tmr hajf a 
fairly heavy section to proyidE rigidity under head of rail' hottoni may have a '^fihort 
toe^' (roefc-a^ tgpe) or a * ‘long loe^' it^p€). (ToelcfH type ia rvcommendi'd by AREA 

for rails welgbinpE nver 100 lb per yd.) Web of bar is idtlter pbiin fkiniform thickoi*^) or 
L'omigatedr iaint bara may be he^id coalont or hiNififttf 21) depondiiiK on 

type of contact made with underside nf ln^ad of rail- Bilher 4-hok3 bam (24* long) or 
U-boU bam (at least 30* long) may ho mod. Fop nulfl of HO lb nr more, G-bolt bans are 
coiDmonly used. Bars are firilled with nltettiatc oval and circutar boles. Neek of boll 
fila tbo oval holer alleETiatiun of ovid unil c:jrciil!ar Itokvi u proiidiNl aa that not all cbe 
bolts wiU be sheared off In eveut of n derailed wheel. Xel weight Oif a pair of .\RE.\ 
joint bars IS as folkiwa: F"r 9 v iGO-f^ rm% 57 Ih for 24* burs and 100 lb for 35' baw^/or 11546 
tail^ 63 lb for 2V bam and lb for 35' Iwh^/ap 132- nad 133-f6 rod^ 1 lO to 1161b for 
3b* liftm; and far I4CU6 mUy 120 Ih f<jp 3b' bars. An joint is iw'eded at the end 

of a truck circnil i this is acctinjpll'^ht'd by inserling a layer of fiber betjoint bar and 
rail and bolts. i^mfiprnmiK (slep^ joints an* ured to eonni*el rails of diO^erenl M.^elions 
or wcigbls^ such bai'v a tr^irL^itiou ft^rtioti at middle of buLt. 

(hfif Atck or eUipfic ntek tmek 6ohi may made of mediujiiHZ'arboii steel ^ beat-trciiEed 
high-i‘arbon utecl, or alloy steel, One-inch-diameter bdts ate gii^nerfilly uitwi for 10O-!b 
or bfaviiT ndl, although some rfdlways uk.- bnlTji for heavy ralb, length of bolt 
(uiifik^r the bi.Tid) VEtTk^fl fo^ni SJi' fo hsr ^ to 140-Ih rail, riipiPL- 22 Mhow?i ARJiA 
track bolts, .y^ad'rr nu/s, nlmle of low- (ir nn^liuni-earlMjn stia*li an* nwlmniL'EHJl^d by 

1 ARKA ■pertfiizatwtui r^r julut likn. Ifulla and nuh^ jeiILbi. |[itAl>k. #m 4 Iitriai «Ailteim UK livm Ih 
^’AIjluuiL'^ 























RAILWAY ROAPBKil, TRACK, AND STRUtTCRKS 2-^7 

AREA, tli-xngon nuts an? CKvfrai^otmlly ua.'nl, Ri-fi^sscd nutn, wilh b. of 

Id tfl provide one or two qnuijiod Khn^ls for lightentnj; if ttn< ioint beconuia bone, 
Aiv lift'd. Spi^eial M^lf-lodklng nulj^ may be used tn preveiit the nuts hacking 

oH: hut th«M' more roramonly applkd tci fro#tB ami cm.vingH ihan to joint bars. 

Adti4ijjile track boU tension is' t'itfti'iuinl for proper functiorung of raj] joint, 

S!trvit*e coDiiilionB there i? of bolt u-nBiLPn bo tbal periodic tightening Ir n«'«wspnr>', 
UBunlly nbout ooce a yeitr; except ilmt newly applitd joint harp should be retightenod 





F/OfU ^<3 t/ s^sps fff ^ 
Ffcm 7* fo sfeps a/ y 


AJ?F^ flftci f/acH i?a/f 







4^£A ci/f ip/ke 


Klii, 2^. AKiLA track Ixubs and spikes. 


within ] to 3 monttut afUT inplaUntion. AREA rL>eottiEnd'ndaitici£i5 arei ^^000 to 30,000 
lb per Mf at initial applientinn; ajid fnsm 15^000 tu 25,000 [l> for subftH^upnt tightening!^ 
to provide reserv"e tendon nv'er the pi^rjud betWHfn fighleiiingi<. (fii test ini^nllations 
where mil wa? ftuV/ trz'/A froicn /urn fjp a high lw>] t leiution of M.OClO to 10,000 1 b per 

bolt waa used to prevcni any sbpp!^^.' nf etiII williin joint bars.) lx>^ ctf belt tennlon in 
Bi‘rv'ict‘ ii due fn gradual removiil of mill iwide froos juint fian*, wear of "‘fishing'^ surfaces^ 
and cbccasiOTmlly atnr'tehing of btiU. AIoaI raJlwav^ include Kiine farm of uwhiT 

under the nut of earb track bolt to btijp niAinta.lJi bolt teiudon.' Tbt^ ileWec comiunnly 
u&?ii is H wiW {deformed) ttprirtg M^i^hct made of hlgti-eajrbon bcat-l reated Bteel or aEloy 
Rteel- An aitemnte deviets i? a rmi jnini xftririg etniiprisiitig a short steel bar of arched 
Tontimr tn provide spring b'niicj.n. 

Raj] U u-iually fasUmed to Ik" with hook~hecd ati *pi.k€4 [Fig. 22). j^pike Rquan^ in 
enMfl stTlion with a ehtmfl point (pamllid to mil). For rnils of lOO Ih or pvrr, spikes 
an' lo-sed, fi' limg tunLUT ihe head). On Straight track* 2 spikes per tie per mil arc liwd; 
On ciirveH arlditianal pplki's am applied. Spikes an!* ilriven into circular ha]nFi, pn^bored 
fn tit?.* Ncrrir ^pikr4 bjv soinetimjes used to nltaeh plate [ndepHmlently cu Lin. When 
.“Tlandatd bni»k~hna4i spike b USod^ it is nocfSSarT,^ to provide mil anchara to pro vent 
enaijHigv of rail fn^latiw to tin), l^^verftl alternate metborb have bet^n used for attaching 
mil tn Ik- Lti order to pr^ividv a conpiant firm bt^aring tm lop of tail baro, n^Lfting tail 
slippage and loetA^nkng of tie plate. One of [hi^*- L-c a ontipnast/oN ffip u-hieh eoDHisls of a 
spring elij> hidd fifnily agairtst lop of Imwh? of mil by a nut on an inverteri holt, whim' 
head is hooked uuiler tie plate. This lypi^ ha^ been useiJ to some eKtenI on eoiitinuous 
weldird track as well as on standanJ ioinled track, cofnprfssion Hips ui^ially being 
alronuLtf'd wilh vnl spikes- Oilu r ili^vLctw indude spring-lyiJLi spikeri mnd atiub^ of various 
de^-ign,iT. 

Tif fiiiilfx an’ u?^.f| nnik-r ila^ rail on iFeatt^l I*n eunn^, on ali heavy traHie hnes^ 
Hml in lurnont.'; amJ croasovers. Tht^y may fas nwulv of low-carijon stwf or of liot-worked 
hLgh-i‘arii«n They should be of suffieient t^'nuth iLiid width to dislliblite load and 

I hick tinuiagh to provi'tit Lie uiJing of pblle- Thi' Eiip is raJiii'ti iFimiriJ at nlnmt I ;*K3 
under Iwise of nu\\ iMittom tnay In- flat or liave slialto^w ribs. D4.iubtc.^ shoulder^p or a 

E ARKA z^ficvpfinntliHu i^r SnoTnir WHJirrp iirs si-vm in fcL, 1^2-'13^, felLbcH4i'Ji 

.VRK.4 iHi wrrtmmsni4alwivi fiir or j^ciLliiiii *rf sinciiiK wwlirfii, 

t ARLlA itwvLSniHHiji hjt ^vStv in tlw Jtic MiJE-#PeeE irul Umr.k. bpLIlis [tsmlQ Onsq|(F|:||;, 55^,000 

pai) ind fur ihi4h-eflrts»iP^tH!t trv^ H|>iki9] itetP^L^ HLOPO 










2-liB HAELWAY^ HJUHWAVj A^U AIHPOHT ENGJNEERLNG 


Ahijulder cin ouUidf, afv provkle^l ei^iiuKt whieh rail Isaite f^ti» 

liftvi* fuur Hiimri' huLhft for mil-holdinjj; rtpilcpn siml two tis four luJditbiift] TiiFlei* so 
<hstt plntu emi Ejo icidi'iwQtk^Tilly in tii" if livido^d^* 

Rail BtiehcTif, inAdi! i)f ldKti-i:iu-lM>rL Btii'l or alloy ^t^\, arr- Uj^mJ tu pncvi^tit rail rrt?f|iio|5r 
Kail onchur t2'dl pip^ ban' uf nJI^ and thJ‘ lU-virt^ hoarx apdUBl ihir rtdt^ of lie so 
lhat rail eaimot move lerot^pl wilbout movement fJ lie and IjcaLluL. Rail erevpai^e 

prinra pally m the diniJCtiori of traffip: the amoLmt wiU van' wirh 
kiini uf balljii'T and with loeaJ mnditiniis-* ff conJiTiiioii.^ nvWer/ 
mil is fHj^tened to tu.^ by ortiLnarii' tmcL apikea, rail aiiefiore 
must bo 14> provenl rail movemknit relative to ti[?fl: Bee 

p. 2 3o- 

fr^o^dfnrT^ atv net^Csi in 1urnrHil^< {unites flanj^rd fmgp are 
LisecJl lo ptevonl wheel Hemjp'a from linking: Frog pninl ami on 
brii|g«T!f to ptuvont derailed wheel* Frnni running off tiefl. Thi'y 
art^ also lo^od oecAsioEuiLly on pharp ciirvt**- Adiuplnble miY 
Fao. £3. Kail anohor. l^r]^|^eJj are tused in rumout^ ftnd somptinH-fl on sharp rurve^i to 
provide aniainst overturning nr outward mov'eraenl ciF rail- 
Ueroifj ait- pljictii on ddinKP i adjacent to main traekp) to prevpni a train or rare froin 
jjajrfsog the ''clearHn(.r" piinl, which Is usually kvrated w'herv track ceDlersi nre U ft 
apart. derail^, p'riiianenlly fastened to and operated simultaneously with 

rtwileh leading tu sicling, are HL-nemJLy URd. Di-raiU eut^ Hnm'time* URrd at InterluckinK 
plantB or at lucKenble hridHi'a, although prvRni practice does not favor ibeir uw on main 
tnickp: when IjlpI idled al such local iomi a iS^rr^e^pfliaf type is used, Bympert are jx^rma- 
tiunt atruetun's of wood and steel mi mbeir or of massive ■poneretc- In wood and nlrcE 
the track raiLn ait- uiiiiiilly exli‘mlt‘rl and rai-HfN|^ conviTging sn that ihey may be 
attached to burning faw at height of <tvr ctHipli:ra. 

Eenciiigr The Hght of way Lfi feoct^J ta indic&tn pro[k«ny hotm, to pre vent iagn^d of 
Itt'flfHk^cairft amt aniieudB, and often to meet li'gal re€|nir\%montP. ^Uxifiaid right-of-way 
fence- ia 4'li' high uIlJ COrL^bit-Hiir galvaniEcd-Bteel W'Lrrs at I ached to pewtfl; wooden 
are most rommen although conenHo or metal pOBts^ are alno used, Tight Ikiar^l funeea 
may be urh![ in ibiekly settled diatricts. fencoB are used to form aKlIieial eddies 

cm windward ^ide of cuts imd arc- pLared at sufh-cienl db>t4ince to enUBe isnow to do]KiKlt 
between i^nuw fenei- nnd top of cut- Tlii?y arc- umiaEly of pnn4ihdi:^ type, the coimuonest 
being of w-ixHi^Blat oonRlruclioo. A'r40ii'^ed« e:iEpenBi\'v to build and maintain and 
eonetltuli- a sk'iious fire hazard. Their use should be confined to locations where pristec- 
tion from mountain snowsUdes Ib nw'dRi.^ 

Signa may be grmipwJ broadly as highway-erotmitig Bigns and BigimLs, and roadway 
flignSr The fenovr an? for information and warning uf I be public and thr latter for pro|jer 
operation and maintiinance of the railway-^ 



I '“AkEA MiBLiftl."' IEIa 4 c-d. ^t -7 l<? B-l- 3 ^ iii 4 ihidik ftir Iw nlfttw foF ^vf‘ wi^ nU AMIlA 

mil tnr ^ istc^in. *rwi tUrt'bBavv tralfir. Fur 115 r-]b nil &Ii 4 l Ert-er, liw el*t+* fcfi* 

T-jf* klilfc twii fn?m 11 ' lO Ifl'" Eaiia wilh dcKible ■brHkUl^ ujil 10 “ rJati* ejv ai»iH 3 i«J tar isu an riLrv«a 

ri* lb 15 u? m 1b! fiv 13-', 3S to Slflb: for 14'. IK la 23 Lb^ for liSh , 27 Ib^ for 10 . W lb. 

4-Vtim itW lov-«4Lrb4Hfe^l^ d« pLitn bhiJ lor hul-wofk«d tiichi^f«rlM 7 n-«l!««L u* mre RhoWn in 'A lit.A 

nwEtimrhUfctjiijhf for aombirf wid r-fcwltion tj! nil ■uMitiuni isi juinl^ ^ **■ 

tract iriri attr fl/ O-oJt. U#* A mifliliiEirs S pfinlnH* fi-rr 3tf niltl In dilMlUKri af ^mi-. 

nbaut -dnui tlw rai:| with aEuebun o^niEUil lliB Ma%« tlBi 04k WOi miU; B-nd: Ea pravniF rnr 

imrrt^ ^ lil |wh^ a! lEPflic ■nil tn nwviftt dpeoiniE b nM of a btoltttt rwU, UM Elt IliftH 3 

Iwk-uci &ar}im per nil bBaih. baii^ In UOtiEid iht tk vitl^ 2 nl tlie fnr^nnl nn^hnn nCmc tLa qlLotlcr 
OoLn)» ™ nd. UTicib U tiCii Eh- If) raU aarhitei |?M ate nU|. M tq mul nLoveuiiMl 

in raeh dirMcdon f-ur baJaia^ tnlir; U ii riwrii ]«bi« b, one UitijrtJcib, ituitib«f of uitilnnm Ui tbal 
di^ikrii kraiv he r«Hl ured lUiJ nnf hemp nfl^nktd bf shpi-ll MOifarmb' tht nil wilh nnrJiuri 

■gHbflt ibo tb mi badi rt4tl4 Ariplm m raibt TnnmfrtHnt in lb* two dbr^lUiriW tlwinlil hff |4ar«ri] 

in HUn IVid box^ JUKHIbU Ihii^ iAIiie tk, 

n>ii ' ■ ' " 


Firf deMim luidl of riEht-uf-way feece* uikd xw\€rw frofw. see "'AREA LlanuhJ^"" mS* cd., 

ed. :p(i. to l^'Ii 


E.p. l-a-l lo 1424. ... -xflci « M 

1 For hinfairfcy-rtnOitnE sifiiali and mMuiK raio^. »• ARE .4 AIajiumI. 


be iUjib, pi'- f® 1 - 7 - 11 . 
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TUiJhWAy roadbed, TRACKh ASD STRL'CTURES 


Highway-IUiEwAy GrAd« Crossings. T|h^ riilbwini^ tj'pc-# of rrnwjnp arp in cojntnon 
mti : hiluDiinQu^p wood prpfahricati d limiM-r, pn:‘«L^t conprpii*- fltiili atiil 

nitPiiolllhic cfonrn'N*- ' AltEA Manimr (l^od , pp^ 9-1-t to fl^Ul Si Hpi-rtficn- 

lioiw for thew t Ofci^th.T wit h rorommv Fill'll iotw for thoir uh' on high-Rpti'^l iftnri 

on iMW-^poiii tracks for van'in^ coiiElslioriP uii liijchwiiy. 

Tracib ConstructitmJ Xo imrk pbdil iHid or trm k mHlt ritil jilaoi d on rtjajihf*f| ontiJ 
suhji^dt! If complol^L Khadl JakI with hi^ sido dowfi, spaet.'d uoifoniily^ anri 
bud at jriKhl iLuglos to nul - Tti-i sthiJ I Sm*! adtei I, jd%'iEig f i.i] 11 jojiring with ml nimiJiii cut I iog 
tif tk^fe- Tit? ptates ehiiJl bo Isid at tinur of nul laying and so pLa«xi t hat thi: shouMcr h in 
ranEact with Law? of rail ot ioint bar for fuKI k-ngih of Hhouhit r- fiber^ nr wood 

oapant-ioii phlliiF Kluill Ih*-. U-vni io provide? pEt>|jtT oponinijpi but Wood ratlbA All shimn 
shall bu to wiEhiti l2-niiJ iptigthp of mil 1a>nng- ■ Raib an' usually canted in- 

fiTini, inoliniHi tir plates Ijetng used-) All joints stuill he full IkiIOkI and rail drilled whi'-n? 
rw,‘ccssflry. An mitiaJ bolt tensioii of ^,000 lo SO.ODll' lb per holt ffhall Ito secured. Rail 
jnintp ehaJi tw- sitaiaiund, Khnrt rail hniphs iKdng iiw.il to maintain ;<lai?|iser throughout 
cunTs- Joint* shall be kept nut of highway oromiings as far as |Mv^^^ibk^ (ARE.A rtw- 
ommonds oiling of track bolts, joint bars, and lurtiout fixtures.? RiuU ^hall bo fully 
epiked lusuttlly with two spikes per tie per mil on tmigen!:-^ with an adilitioual spike 
in each tie on inside of each rail on rumw), Rail anehon* Fhalt 1** given a firm bearing 
figainat the ties. Hail anchors * shall lie '^bosEsJ’" aruuiid when u«?(i to rusEnl mov'e- 
nvenl in oppoeite riii^eiions. Outer rail ^hall U' i-luvattHl properly on rur\if*, particular 
care being givpu to ulevallons along spiral tranaitioiii!-^ r'wileht.'S miiHt liu loft in profier 
adjiiytiiicntp isperkaJ biding given to hH-nding id Ftoek rail, Rallast .■<hail h*j imJoadL'd 
bv dumping or plowing, aiid spread uidformly to pru|H:i' stL'Ction. Pn'liniinary surfacing 
jthall i>e carried Out in such a way that a fimd lift of n 1' anti 2' will bring track to 

fiiiishi^d grade, Tk^i^ sliall tw well paokn:J or tiiunpod from a ixiinl 12* under each itiil 
for S' iwBp IS' innidH each rail for iie*, and itiside each mil fur 9' tiis, on Ltoth 
>idt^ of lies to end of Whin track bwi btifMi laiwd to within 1' i*t final grade 
aial properly compacted by lraJfie+ the finUhinR lift Fhall in' tnado, Tra4-k i^hall plaej^l 
in good alIgnnu'Ekt bidon' fiiml lift 1= made, but a (itial lining shall lie made. Batla^l ehall 
be trimmed to standard seclion and mwibcil shuiitder ptofM-rly dn-sst'd: siirplui? bailout 
after trimming shall Im? muiosvd,^ 

Truck MaiiitenBJiee. The seel [on for^'niaii, under ilirectiEin of madnmster or track 
su|a:rvL?orp it^ reapaiTL^Ebli^ for routine maintenaiiCTMif-way opB-ratimu* Fiieh bl* daily track 
insp 4 .‘Ct inn+ niainLaining line and mirfaci' of tracks renew'al E>f uuilnteitanoe of mil 
jointa^ cleaning of tlitcbrea and culvE'rij^, culling grass and brush in Kghl of w’wyK and 
mnlntenanre of raibvay-highw^y gradis cronKings, Exlra (Hoalingi gung^ are u^ially 
cmploved fiir larj^'-aealL' operations Rich aa “outHTif^fare ' (■eoiitinuuiL^i track liftF, n.*- 
iwwarof rMl\ wm-waJ or cltwiing of F^hjI ballast, roailbt'cl consuli^ktlLjji by grouting 
mcEhfhhp oiling of track atid rondbiwl, and widening of rut* and dt^p iiinK of diteluv. 
AfrcAnaiwd E'qnipment. bnjth "on-tnick" tuid 'kiff-trark'" tyjBe*, is available for these 
operations. Hepuirt tut her than minor imc*> to hridgi** and tilht'r irt nicluR^F am madi? 
liy hrir|g<? and building for^ s*. P4^riodir rail Inspt cNuii la nyuaJly HMwIe wd h a ^ Eii'icctor'^ 
nir. Ceiling of w^htad dangi’S m^ir curt\^ rcduriw rail and wbt'td-flangc wear: nwchaiiical 
mil ]ubnnkton4 are often installtxJ near enEis- of for this pni-piet'. 

Bftliaxt nrtd Tf> f^cnctTiiJa. AVbcn gmvcl Ix'rtJtaea foul lilirty’l, ll Fhuuld hi- renewedJ 
*loTLi‘ halLnst may Im‘ ck-aaeti by nn-chaniciiJ! vnrioiLs typea. TiV rcftct™/* 


I OuiiiefiHd fttWR SpM&ritioD* Eiir Ihf ijymfl cl Xs* TtuIc. SIfulmI. " ISK 76 «L. |ip. 5-4-1 

In 6-H3 iram uUicr .\KhlA iwcininiiTtiijFtWItfc, ^ 

1 for Sljr tt^Ar o^ to te SD'^P. *1* I 51 to -5i^P^, It ; tu KW F. Mi i OWT IW F, IMriiBx 

* ilw P 2-3* lot fWOiisniRBclailJiufui U lO pqJiilKr biDiI lorttkcra of mij ^rjcJum. 

i PaK-»r MiOpmenl k furwieh OfmflltiWM M ■cbilK tl» Mt tsKhtMUJii, cifimn[ 

hip □( tmfi'Jf, Mod tJa laiopioi;- InloraLmEfcti iHk luclv » rouiid ui ULntuu r«aert> of 

Mminitloe on nialiitrftiMWF of wijr work FqiniuiL-Rot, [FiLUhbnl In 
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ait' mwlp in «prinR luwl iwly sumintir, ImlividiiaL t\uA to be repL-ipeJ pjv di^tenirLin<-<! I»y 
E^tinn rdfutiiiiii (perhaps chL'ckit*il by imck sufifrvHior?. 

Raii Rcritu^L Wlif n n\ih* lin- worn enough to rcqiiiie rtneftnl or whi n it i* dtHirini (o 
relay with a heavier eec’lion, the work w done '^>ut tiC face/* i.e„ in it cdntinueusi j^treteh.* 
The Tidl nMudVL^ is uiHjd as raii on branch lim-^ at s^Ldils^f^?. ReconiiiciofiiiLK of rail 

ends by weldinj!, grinding, or crt3pplii|! ts re<?oiiinienfh^d hy AREA a^ fTwid |irartirtf- 

AfairiUrttimt Jeifrfjf, Propt-r maintenance of nwl joint con^dlute# a Uu-ge p^Jt of the 
cost of tiaek mflJnlenjinoi', Crnektij or broken Join! bare nhoiild replaced promptly- 
Boltp ^^hould be kepi tight enouRh to tranBinlt loarJi* pncifa-rly but not light enough to 
pR^venl fitpoLmubon or eontractioo of rails^. Metal that has mlh^d out from end of ndl 
lEthoold be rhipp^rd off. Low jiiioi^’ »honlil be raised to proper surface, (filing of joint bar 
a^'iubhin Is ofien adopted. Rail hatltr, weanog down of nHlhb^sd tiear jainL eau.^ poor 
tmek. Wbiin rail ia l>iully worn, ihn eiidi eon be budt up by wiidLiig. End hardening 
of rail at thjj- mill or in the track roilufts* rail l>atter conHiderflljiy. 

.SVnntf iiniFtp Is commonly UKcd In nmliitaining alignnteni on curved irack hk^limd of 
rt^ioing by use of surveying irustrumtinis. This melhod eorwdstji of i" 1 j laving off on j^ge 
jude of outer rail a merits of in^ual rhonhi (uaually b"!*. alth+njgh TS' is aveiu^ekiiji^s umhI i 
throughout cun'i% f2'S measuring fl-nd talndating the ordinates from jiuini lo luiddlo 
uf chord that counc'ets point in tfa' rear and the one in advance, \Z) adjusting tlu-m 
iiuddle ordinates until ihey are ?tub*tiiutiiiLly equal iffi^ith proper ailoujiLncv for unifmm 
of ardilialL-S along the Bpinilal. After some pnaetiw. adjust men [ of onlinateii 
may be nuyk w^itboul difficulty, and Btitting of points for revision of track aJigmniint it 
siniple.^ 

Cost of SUilwiy TtbcIe. Main track laid with 115- Xa I4d-lb nsil an<i faift^'nings, 
treated tic*, tic platee^ ntil anchous, and alotre liaUast costs from S15 to 630 pi-r fEmt- 
CofSt of material varies with wtnghi of rail^ joint bans^ and tic plates; gradi^ of ties; number 
of nnehore per rail; and depth and quality of balSa.^. I jihor cost pier foot of track, which 
13 about nnc-lhird of total cost, vatic# considerably dt'pimding on cIuha uf tracks amount 
lo be built, and liilmr rates- with lOO- to 130-lh '^ndaycr" ius^d} rail and 

fasteninig^, coirt is from SlO tn §13 per foot deptmding on lirptli uf balluat, -Hire of tH?B, nml 
whether lie platc-^fl arc need. Thtiae costa do fmjI include grading, cuJvcris, or other track 
appurtenanccfl.* 

Railway Structun^a-^ Bridges^ buildinjp;, and othur slruelutv# on [.'niti;ii SmtiiH 
rjjlwa^'N n'pfit«cint an investment of i^ev^^raS billion dollars and require an atmtmJ V3.^ 
ix^nditure uf at leapt S20O million for maintotuthce. It ui cstimalLHl that there aie about 
192,000 railway bridipi's In Unite^i Si ale* and Canada^ with n total length exe«?eiliiig 

t Sw SoCCi&^tkHia foC I Ayinp ftalL, "ARKA llunu^L.'’ 1956 kUl, !J[j. 3-^1 to 5-5-3. 

t M ((iiiod. -bf «tnni^linlna ^ rw ELi'm Iel "ARKA MhimmL." I pfi. Si3^5 5^6^ luvd Ui 

Inal^ an KnUfl Murt-fii'wa, Snerkt aimilnhLe for o>EAhe-llnina f1#rfi|jOl*ti™. 

* friert frac* ■mUitW lCh«nib«r, tV^l ^ folli+wi! awi. fLOl.MjMir avl ludiu OlLrF tTHPlc 

liMjdviLni wm rWL barp, Irwi bdO. lift. tUs iJM'Li. < A: plaitM. f4Ltr23, Hail 

33 Ea -lO CVflti wojJirri, S trf'- 8- flpi’ti- rrrtilid liM tUttlttfl StSE-Hft awWMrJ, 13.45 c»ij}ii 

aM/rMilnf liini fJfOl JiloN* MloJi. fZOU Uh IZHi pW VHtiir fnarj ll-nD la (L.ftO. i^qinnH 

tMi HrarjtfnuiflX Piir/flriiix; tWW ta 13.00 prr fiwl isf tncfc gf wt of irfctt 

m»trjklfcji T^rmauir Na. lO. l 4 EMh F«jl, HtonH boJliPl. a.i.#W Co 1 - 1.800 eacti fthe IriM^er «?iit 

frti auctini trtckp OlB liitlwr Mit OP arW Irtile) I Cicur Nft. 15^ IIO-lt thiI, mUiniy I-V.yCIO (o tT.OOOl 

"rtlsyer’' Is. lOO-lb fmU. rbidi^f liiltiPt. t2.»Cl m t'i.mw "n^ynw Na. 10. lOO-Jb rftJ. tlOM T-iiLlMi. 

■Iirfrr^- ^ to I *4 ^'li vd |«^ It Pl msip tm*k: ?-i ni yd turpidiiip. 3.200 

De/lhltc rrf DkAln KWkz 3.000 to 2,800 f« iJdJiLi^^ ftnik nr.l l2 000-lbl IMHH pw nwk ftf Imelt^ lOO-Ti rail. 
170 0- 303 4- 234-1; N0J6 k £+3.4- JttinJ iMri.- 273 Jainla p*r inil» of UOrk, fnK BV 

aQ' raJ 11 EMHvnt .12' rEll (Euf wpiickiti nJ Im, §f» 2-Mj. (aftrf jiyii) []' hy AiWlp.3 kon Ptir 

InjlB irf trSHtlaW lb lusci t«r 3^ mil *rsd fmit-kidr b«rt; 16 kicKa fur lU^Luv 13U. k-A L«V fWF 

cnilB of ttmek (200 lb tree k«.l f«r b¥ 0' ttAk» hllW opi S.200 Ua [ita- raga lii J rnuTipiit™ f^r tM?. Ti* 

X« MI- 2-3s>. ffaH »t« LIV wr 3?' nUl tm p, Z-is.,. _ , 

' 4 '*^<^gEA MnimiJ.” 1656 ed^: pp. I--4 t 1 ta lHlr-45. ffftriirml UkJ F|?eCkDC«liCit]H. 

0-1-1 la 0-11^0: fifljoetaiivc st^UcuM aiid PcrUUil luiutw. pp- 6-l2tH lo nrSOrlO; pnjt^ huum, cjp. fl-2UI (a 
a-21^- fueUtiC RUltickiH, pp. 0-23-^t la 0-22-B; lu^wMelJvf fudint flhdlktJHs. {i^p. I ; iMO^udllVr 

d*d«r'|ii|v. pp- 0-3+"l In 0-24-3^ nkgn*. pp- 0-2&-1 la 0-25-1S: PiloratkneMui rmll^kl-' budditujB. pp. 0-30^1 
ta Wfl^ trirfXr* CtmCJ#!. 7^1“ I tO JfiLMnjji', pp. ^t"l tt> Ji-tOw’. WjsTjf. nif, 




fiiral>M pp, 

I. 2D-M 1x3 3044. 
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ir^n and wUd I S-1 ..-I tu J-A-X144. 1Fa£tfrJ#i]i^''n|^,. 


FL-MLWAV TURNOUTS AND CONXECTrNG TRACKii 


2^1 


4,000 about ^ pL-rwnl, nr 2,500 mibss. fcrt- treptip?, Thu mpid d«vulopcu:nt oF 
liiipfwil^lLftnc Scwomuth^us in Butiethiit^Dii for srttrfim loeomuHveii ban nn^mrcd tliL^ n*- 
pEnci^iiwnt or iub>taiHijiJ rtibLiilding of a Ifttiso number of ix^pair shupfl and cngirH* tor- 
miikob^^ Roil way bi,iildiiiK:» mid other atnipturc* iuelude pm^Tkger ataiiorw pumI oJEev 
hiiildingv^ freight houw«, bouj^fi^ locomoiivTP- and ear-it?i«jr ahup?, f«e! and wntcjr 
NtaUonn, ctioJ anil or^- whitrve§, JKl^'erbou^^^ffl, fliscnal to wen#, and nudeellaneoiiB nainnr 
struii^tnnM tmeh as storebon^, pomphousea, and ecetion houses. 

TcztniQoJ Fadlidea- and tertnimi] facilities var>" v-idely 

depending on phv-sieaJ layoiat and traffic requirenients. ^^4REA Maiiunr' Includes (wn- 
ffldertthle inrormaticFn on of dcagn of l.hi^.* fadliities. Reports of 

commJttotH publL-ihod in awnwif pracitAfiN^jj contain additionnl material. Descriptions 
of individual t^irrniualrfi appear cumpotty in 

RAILWAY TtJRNOUTS AND CONNECTING TRACKS 

Tumouts- A turnout ie "an arrangemimt of a ffwilch and with closure mils, by 
means of which rolling stods may be diverlwJ from one track lo anutbef** i AREA). 
There are thnv tv^iear "split fmitch/' iftandard on American rarlwav-aj switch/" 

somutimea used in paved streets; and "Fttib Bwitch/* an early form of I umout now m&l 
only on intlu^t.rml tminWH^'s. 

SpUt^vitch Tumont I Figs. 24 and 25)+ Thi^ essential parts of a split-ifwilcii tumont 
are a pair nf movable awitch Cor point) raib with tieccssary fixtures, clanurci rails, frog, 
guardrailsp and a set of Hwheh timl>era- Switch rails vnry from i I to 3D ft in Uiagth; tla^y 



am usually straight, althnuBb curved nub an^ aoim^imes used. The throw of a switch is 
45^ in.; and distanw between gavge litiefl at heel of switch rml is hi. witch fbttun.'S 
include switch naU for connt>eLi£ig thi* sw itch milrt, bract*,*, slide plates, heel plates, and 
tumouE plates, Switch stands are used exempt wIwei switchr** are oijorated from remote 
jKiitils as in inU!r 3 ocl£iog and cenEraliEid tmlbc control .Switch Htands are bolEn^i or 
spiked to twn bead btucksf Cextra-long switch liml'terHjr 

Closure ndU latmlght and cnmnl) ronticct hei^ls of awitch rails wirh tw of frog- A 
frog is "'a track slrocEurc used at the intersection of Iw^o rutmlng rails to provide impport 
ftkr whecbi anij pasHigew'aj'^j for iheij- ffitnges, thus pi*ncuitting wb'cls on either rail to 
crose the othur'' lAREA). The frog ia- umie up of gjoinl rtuEn, wing raiU, Iiwh* pSaU% 
flange way Fdler blocks, huii guards, togithi-r with necoissary- asM^nsbly of tHilMr. Tbv^ 
irrterfteetion of point rails i.'i cut back lo a thickravy of ? i in., fcirniing thi’ actual (I ji*) 
fnjg point. Frogs are i*iLhi'r rigirl nr wprinK rail- Rigid fmgs do not hav-e any moving 
[fcartfl ; thiy am a!way* used in yards, anti many tallitkiuhi uiH* Ehi-in i*sclujdvi4y. :^pring- 

t'^An£A ManiJllL" «1 rerm^nalii pp, H-1-1, 14-1-S. pj^. 14-^-1 

Ut 14-LMll. fFri*Arr™iW^, pit, Ipa-t tn ll-3-t{l. Ifrm.iriatM. pfi. N-i-l ICp 

14^1 lu I-|^1QU^ ^ upd oa 2-liU tor tEfflreneM lo Jiirm^turtP i^iiuired m ponncetiDti 

wklb (pTiilIha.! f■^likl!i^ 
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mil havp a miipvabl^ wing mil uf uQramlly belcl against th^ poinl mJI by 

thus making ati unbroken runnlni^ aiirfart^ fur wIilvU Ui^mg ibi- priiidjmj 
whL-mm^ fliLTiBHs uf on tht- othiT tnu'k furw ihu moviiblc- i^'Liig mil n^Bv from i\m 

puibt mil to pffividis a psusiaisuway; tuv ofien ui*uiJ in ttiniuut<f biwlin^g from a main 
t!r&jclL A rigid eeifTSuarJi^ (or flange} frog, nol rw-min’ guarilrails^ is often 

used in yards. Rigid (mg.t intlude Lioited frogs huill i^jssnutudly of rullid mils, with filk’ra 
betwi'eii the mils and hyld loi^uthcr with Indlsi; raibbnijnLl mai^j^ai^’se-steul frogs con- 
Farting of A mangfiEese^t^!^! body easting fitted into and iK'tween rolbd mila and held 
togethiir with boltsi And AoliJ manganese east-steel frttgs. 

Gufl^lndU are needled opjMwjtc thi? frog on b(.>th traek^^ mnhicfifi MjIf-gimrdiMl fru^gi^ jutl- 
used I to furtD a flangt-way with ml aiid hold wliei!l:S in proper alignment while passing 
through the frog. The rent red portion of guanlrall is paralie! to stock rail romiing a 
lT4-iii. flangeway; the cntJ* are flared out by bending or plamngr 

Sprififf mritchiA aif ^metimcs naod whetr it Ld dcidred tn permit fLangw nf tmillng 
wbecla to pasK along the other irsEik fitnn that for which the points are set for facing 
movenamta To af^compli-Hb thea a spring device is Lneorporated m the operating mecha¬ 
nism BO that the points autumaticaJLy return to thidr normal position after the tnuling 
wheels havsi fwisaed through the switeb. 

Tunffuc ^ui'lcAc-^ are often in pavi^i iitrvets. The tongue switch eonslsts of a 
movable tongue wdth a Fuitahle enclosing aiul supporting Imly structure designed for 
use on one nidi.^ of track while on the other side eitbarr anorhi-r tongue switch or a fiTtefl 
mate is uatKi. For h 0 A\y tm^Lc, double-tongue ^witehes are often used and for light 
traffic and street-railway M^rviee a singlu-longuc nwvllch and mate U more common. 
Girder roil is somatiniOF mied when tracks an* m pav^efJ stna^ta. 

kii-ilckt*, used to ^eoo t^steut on narrow'^gagi^ irtduslrud tramways, consist of a 
pair of i^hort swdtch raHs, held only at or near end and freer to muve at other end to 
meet roils of stralghl or dlvvrgiug track, [t U aasuniL^l that switch rail (when set for 
dlvergiiig route) and elosure mil foriu a circular curve with PC at iL'^ed end of switch 
and FT at point of fnsg. 

Turnout DeaigD+^ Turnoute are dcslgiiated by ihi.^ [miiilk.‘r of the frog. The frog 
numhi^r a ts the ratio of the length ^mi’^'tured along tbi^ hijMHsKFr of tin- frog angle F) to 
the spread betw wn gsigii liries on oppoidte pidcs of frog, a — cot Standard 

frogft arv buiU for full rtunilx:rff S to 24; occn^ionally a No. ^ frog is ust'd for high¬ 
speed uijeiation, ARE.\ rccommcndatiuns are ws HjIIowf: for yards anti slrJings^ No. S; 
far maiti-lioc slow 12 or lO; and for high Fpc^al, 1*1 or 2ti. Tlie allowable spta'd 

(mph) through the diverging route of a turnout is at least twice the frog nunilier. 

The lead (or tELmout) curve esfUindB froui bt^d of switch mil to toe of frog; it is tangiinl 
til switch mil when it w svt for ihti diverging route- The lead laeiuat? is the lengt.h 
iwvvtk aclual point of swkeh aiul polnl of frog nieaiKJfecl along tht^ parent tnnek, 
Oceasionally the turnout is niudjfled by extending the tangent either at htntl of switch 
nul or ftt toe of frog In order to change the "lead'^ iind sunphfy ihi} cutting of clcwrum 
railfl. (Noto eulunmii IS and Iti In Table S and h1g. 2flr) 

1 THi? 4l»iMn of m ip[Lt-«™ileH turmotiL WlOi eufvwl rkwttc rilL UliKnal ml qt iwil^b rpj| Had si tn# 
1 ^ frqe (Fiji. £-!>’ ba ntniriraMU p» [ulluws; t. iwikH ijf timnk m ArlMidiirdjij Itei iiLiiulier;. 

rcif pin^: T, ^iahc« Froni toe iu UliMHrUk'Bll F^ IXtilU: I. IpnirUl of iwilrb roJJ; iLirktiaM: □Eja^lxih 
iiknl iH" ar t k ■|»rwU »* lt»«* a* j^rh rut' 5, iwilrh ■.aadf btlWoai euw liinfl* of ■■iriffh ■lal mtoc'k 
wajU' Jt, tadiiii of rqiltqr Uu vf 1 *^ r-iLrri^; L, n-rtluJ Ind |a fr<iiE pouit ;/. datH]» botvrou UlOOKtiCAL 
mr>d <r PulftlS’ HPI ^ - th - ir?/(l. /* (inelMiJ. 
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H.4ILWAY, HlGHWAVi AJllPdJtT EXGtNEKlttNG 


Tumout EptflndAfds^ piypofiHl bv indiviiliiiLK oiaii by AltEA, tbu Imck 

fofi^nsun tjomplcle daia fur liuiUillinK Lho tiirtjtikit. ARK\ TurmMjt Data fnr ^itraipsht 
^piil ^witrheji are nhowri in Fig. 25 and Tahir! S.* 

Liyiog Out Turnout, engSnw'f usually lucair'?^ ibe^ fmij^ ■ptiint nr ihi!= bnd r^f fmg 
ujiil iIm' foreamn couftnict^i thn turnout in arranflajicc with standard tumcnit pSani^. 
VVhi^ii a Itiniiiut Ln ta hf itw^ialliN^i in an existing track, the hi^d iif fmg is ujiually pilanNj 
at an cKbling joint on Lttfide nil! of pan'rd irark. Thi* iruiJo mil w o^muvwJ btdwt^'n 
thia joifit and the fwiteb point, the nut^de niil ijf the original track being undijniirbL^. 
Tht^ fruK, Kwiteb point^^ guardrail, and fi:ituTiQ^ are then EUi^alled. Curv'ed eloHire rail 
13 hair'd by o^fsela f tom gage line of outride mil of por^^ni track, Tt if* alf;o nceeKtary to 
remove ihu tmek and install a ^tanrlard cct of ^tcli timbersi. 

Conaetting TrachA, Tbe design and field work of laying out I rocks boyond iht^ heel 
of fn»g may ta* Mimplilied by using the Ff of turnout m & reference point; the PI b* itm 
i ntena^clion of ecuter linei paraLlel to both ndcfF of frog i Fig. 2f). The following furtuulaH 
are iiscffuP diitatice from PI 14> point on fsnter line opporife the tbt'oretital frog point 
(on cithor track i = (fn; lu =* fra -h/ + ik, from PI to point on center line oppoefito heel 
of frog; ami = L — / — from Pf to switch point. (J « Hw in Lnchert; h - frog 
held to ts' FP; X. = lead to FP.) With tmasit at PT| track cenEent may be »t far 
diverging irark if it is Straight beyond frog, or ibe PC may set if dlivergitkg tmek is 
cur^'cd- 

Tvmout t* Panilel Track iFig. PEi-Fi * p/sin F = pw H- p/4n. d pa 

+ p/4n ~ m ^ F tan ^F. AH g 4" po ^ -h H tan HF. 

For sIow-Bpeed turnoutA^ the connu^ctioK curve may be scleete'd as a full degree not 
sharper than the lead curve^ and d computetl. For high-speed Lumouts. PC may laj 



pcin:rllel frock 


f^/“CcaBMwr tfl pcmllel track 
Fio. :£6 


it^ntiilivcly assunu^ npixiriite 111*4*1 of frog id and D computed. Thh will give aik 
odd valtie for D and ii!*EinJiy i hi* mist [argi;r/uW [h*grec ’w adopted and d cofapuEnd.^ 
Crossover hetwemi Parallel Tracks (Pig. 26t>* PIj-PIj — p/sin F =- pn 4- pAlw. 

“ 2(J + pn ^ p/4ia. r = jpn ^ p/4n — 2m. W » pn + p/4ft — 2 j?i_ 

Abovt^ formulaa am huMid on tlu^ use uf ■cciua.1 frugB nmi a atmight ertw^ver. If p is 
Large, reverfiE»l curves may be used betwi^*n hetds of froi^ to r^uec the length of crofis- 
over- If unmiual frogs are uwd^ it is necefisary to insert a curve boyond betd of frug 
ha\'ing the ennidicr angle. 

TiirdDut to Diverts Lin^ {Fig- 27). PI-Af « m -h w, PI-P anti MV may In- com- 
put^ni. d - iPI-n — in - F tan m /-F). .U-PT - MV -h R tan Hf/ F) 

M I'iiittin^Eion of centt'r lliaw of niain and divTn^nglinesl b looitcd and I nuTtsuiXil. 
A tefdative location of frog bi'cl fi may Ijc tteliTtts:l at an exi!iting joint In main track 
nriil w n^i’afiuniK ITj^imlly a. full degn^^ is Ei>tktativ4dy !:ii lef!ttHl for f>, Binl d is romputed, 

I AfltLS Tfaffkwdffc I'Li.Ty bkkI Stwriflrttweui uvckui^ m. Hinilv fat turihnita ■wSili rurr^ iwibcL 

rviilL Cotiktit«fe« ckUilp a:nd niU nt niBL^rwl u'4' sUa ^tipwri fnM* urilflbai, iriv. BJid ■ppurU^nMUIH. ‘"iffnil. 
wKy Trmck uiJtl l^tru^iuTH Ci^lDt>nciia'' iiid mariafaE'iurFn' nimkifniiB ‘Toritalni aiMilkMiL ibnimj&iiMu 
* *rf e^rvTi in imlJirfclf tirt4?tkw b hwd cm fkmd dpGnLti4Ml iU- Li-a). 















RAILWAY runSOXJTB A^Ctl CUSS^Cfl^O TRACKS 
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ff d in fouoil to bo otgflt.iviv it in rh?c^R:iiir_v either Id a. almrpijr curve or to movi? // 
r&rther troui J/, L&.^ to increbR^ ir. (If H in niov«J, Pl-l' tuid AM' niuat be reeoinputect.) 

Turootit fwm Ctirved Trick. When u ppUl mriirti is Lit a eiin'ed Irock H in 

jtB8iiinL*ti tlkal leatl, elojoire nuJj^ etc.|. Jire uiir/ii7nji[«/ in irin^h but ihal ibeir turvatun? is 
hj/ th€ dtp-te of the parent track. Straight frags ns^ioendly uwed; iswitob reiib 
niay Ui iil might or curvEjd. This "bending'^ prtwf^w isi not precise bin it imj hf: in 

iiuuiy cfli^cs; for liigh-inpet^ lumout;^ and emseoverw a mow pmcbo defiigu tony be dt^- 
Mimi»h^ If titrnuiil In iimLiiik-d on ineitii; of a curved im^'k, a frog flatter thaji the etAodard 
one ijt ofNirt u-ttMl to n^Juir^e tlie sharpm^ of outsidi- curved mil 

ConnettiAg Trock boyond Curved Turnout. For yartb mid MtlluKtf the "bending'' 
proceaa may he Applied foUoWN: CoEiipute degrti^and k^iigth uf » 'bypotbettEa]" eoci" 
ru’cting ejrve #m ihfmgh pur-cni irack tttft To tbi^ dKjgrL'e? \a mlded (or eub- 

tmctiyj) tihr diigrtte of parent tmek^ lenglh of curve Ls uiu’ibanjp.Ni fnFpt that detenuiiifed 
far the ''airaig;ii|~trtick" layout,' 



Pro. 2S^. Ladder tracks. 

Ladder Tracks. A laildcr tmek is u*cd to eonueci a gm^up of pamLIel '^hody’" itackH. 
XormaS NpMiiug of body tracks Is 13 ft; ist least lb ft is disdrable bt^tweeu the main (nr 
mutiiiiR) tmek and the host body track. The simplest Lay-out is ol^toJunl vi^hon the 
ladder makt# an angle F {fitig aJii^e) wilh tmekK as Mhowti in Mk. ^3u. F^PIf » 

> A q[iDfi4 pNn^ iiiftliod h If} awLEofr a trial froc |Hiifit an lujo- Line ut ctuTk-vil ],Tnnrr!t traek 

T^rt inumrt jU Uiin [Kiint* orwn-t 4iii twal tawcit, ntid lay off ffi>« hhoIn. t3j.w tii« lufeda «i«e 

liDE ^ (roil lajuiml Fw ODnrwntSna tt*pk. T||inb Utl tin rcnlCr linfr QC etmiiiEeiJa* Inck qp|iwLtii 

Tau rcuqf. orlEnl uaMlbtl iQ tonaml, mtid mti th^ liR<i man intt>fwrtiiin yhli »ntnr lm» frf thip Uark 

phifh b Os Iw Efinnpci^ with tii# |«(vmiL ti^ct It h tJhiBa iKmlbki to d^wimlwi wiwjt nirve m Im ulkU, 
il tiir Lrmi Li^lbM fm|E dual Ikri imsvidP A MtLtvfurlijpy -feulutiDii. ftiHR fHiUit nkti^ he RifiVnl fqrwAnl at 

}^ck tLn jmrtint tratk And dm irpt^Cid. 
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^ « ii — / — (fii. 171 = ffrt + / + ^, (for drsil horfy track i " jPin + pi/4ii L “ ft. 
d iftir uttifJ" bddy thuckp) = pn + jj/4»i — L — ft. 

Wilton aiiistL^ cqiiiiiii !i|>ai>c s wiidteJ cm tbt liju tiler tlu? bn'] of eiteh 

froK and tUc jHiiiit and ihe t^ffectiTO Icriglh of tive l^ody irarkH tw rtKlucod- 

Add]tion»i k^of^th uf tjoiiy- tniebs iiuiy bw obtained hy inciv^ng ladder arkglc m small 
unount to /, and UNin^ a rhurt curve beyond the Qinju-Uru^ frug aa -^hown in Fi|{- 2^. 
Ai^uiningd ■ 4 ft, ibe limitinK valqe ol I = ain ~^p/tL + ft 4- 4>. 

The center line of ladder (exteniied) iJitetat'eta nmln line at PIl- PIt^PIc “ 

4" /if tan HlZ-F). FlTC^Fli, aJid Pfi-PIc luay la* ctniiputed. itPT of firel curve lo 
for Eirel ttody track) ■ pi/^n J ^ tau — iPI-rPIi). 

If jf jj*: iHfgative but Fniall, lb* PS dor fir^it boily traeL:.) may he placed on ibe curve. 
Bui if X it negati\^ and larg^h may h*^ dirsiirable le connect tb«j hnrt body track with ibc 
Mfirtin inr running) track back of biitd uf iKu^ iaildk^r fru^ iji^ftead of direetly with tin? LadJer+ 

To iungtlien fiody track? atill root?, / may be made dighdy greater than 2^^ limjtiHl 
bv / = an""® 4* ft 4“4^ and only the aliefitait body tmcka coMUccled diredtly 

with ladder. The other body irackjir mn*- taken o^ tlu" mljacent traeka beyond ai 
frOig?r Bridy track XOr t n^lPilly taken I^lf nkidn (or milEUiij^li tracks Mo. 3 {h takiin off 
Xo. 2, No. 5 U taken off Xo, 4, etc* 

Lt^switch tumours may' be cu^-eI to wjdiiu a coinjfHiel layuot iti ciaaiiCication yardiif 
the switch point for one turnout iMiinB placed IjelWiAuL hwl of sa'ttck and toe of frog of 
the other turnout. The frog wh^n; th^ outidde eurvi.n! closure raihi of lumuutji cro^ may 
bc! a Standard fmg or of npeeial dEwtigti. 

€r^&utiig9n \ creesdng tmek ia ""a atniclure ufkdl where one track erta^^ another at 
prado^ and consisting of four eonnecteil ftORi*'^ CARE.\1. The two frogs at opponte 
ends of the short diagnind are “centeP* the other two are '"enj'^ frugSr Bcdted 

rolled rail, iimngjanciRs-iiU'el LEtneH, or solid mangunose-Ktet^l frogs may Ijo used; they 
tna%' \f(.- IILBjdc^ of ffinglLvtail, tWO^lai], or ihfee^rall dcslgu Jopeudllig on angle of croKaing,, 

traffic, etc. When the crOA^ing angto is 
small, A continiiDus running imrfacc may 
h- i;^hlaincd by using inoeable pmnta for 
the Center frogs- 

Stip ffwltcbes (Pig. 29> are often used on 
interior ladders or crossiag tracks bo rbat a 
train may be nwilcbc^ to each body trnrk; 
?iu<jh Kwiiches are catled "'sungle'* if operating 
in one dirvedoii only, and '"doubte” if operating in fioLh diceefions. ?^lip switchi’S consist 
eseeiuiaily of two end frogs, protected by guanbails; two center frog^ with movable 
]K>luts; aiul two pairs of ?wilcb pnlma for 'Single" (or four pair^ for “double^') slip 
rtwitehtw. I^witeh points and movidik? pndnt fro^'^ an’ osimlEy operated fmin nii mterloek- 
ing plant* 

RAILWAY signaling AND COMMUNICATIONS i 

J^iiu-qy an.^ u^a-d to direct anil ewdtai thi< npfl^ratkon of trnmji on main Iracks 

and at crossings, juncticius, and termiEkalpi. AYffTEddi/ip- snf.lmjos the Operation of aii»[s:iated 
Hwjtchcif, crtMwovcrs, car rxJtnnler**, eto., wliieh an? coord hinted with thn Bigmtla. Origi- 
iiiilly adopted solely to provide -lafety in railway optiration, Tnodcm sigmding iEicreases 
Irsiffie cupAdty, up imiii movenieuLB, liiEl fumbiheii dm?ct ecoiinnue Ijcuehta as 

Well os providing lELaxEmum safety. coiEipreM-^ interlocking, block Bigiialing, 

^ Fur B 4 fliUwi|l mrnrnuEiDa, irfU C>t IkiCliAL ll^LluQ, AAlt: Pri/t., ''.^Lariuji nf 

jikeadeil (^^urniitiiiJi;) HJid H-j*rAEje bfwldrti cm. “AiDsrirtift llAkLvay Si<hd(LnR eniEiTiE4«!i Pr^-r 

Hbo "riAilway Track «4in airurtqrw Cyi’JoiHMlia." Mid J^noEiju anj^ Ciii^m«-»ufaniMLr 

iavaad^lyb ^Qiaiani-BoudlnUi Pubtkllilntf CurxKHaciaii; aJibiuLl "T^iilatwn nf jfifc EUtif I'EElualfix 
^emh, cw./^ ICC Iktmu III :»lrti' [LDij aervlm; bulkliivi ul G«iwtkl ItiiiliWAj Sipml Mid L'diuis 
^ l^ikaiLi Cth 



Fio^ SP. DoublfMilip HWitch. 
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centnfttiEed traffin control, autoiiuiUo tnin control Ami Htb cW"^i£«ttiun yard 

control (car TciArdf^rH), and ttain comuiuiucalinn ajicifnifl. Inttrstntv Comrnt'rce Coin- 
mijaiDn (iCC) has authority pnacticcf on Unittd Kraif!?. ranwav?, and pn?^ 

gcriljcfl ni1c-ii for iii«ia]la[ion and irtainlciianco of ^igiialin^ py^mfi and appliances. 

Sifnal Aspects and [ndicatEona- Aajxct uf a stii^nal h yvhii it by the engineer when 
hi! viewa the bladcf or bghti^ in their n^lativc po^itioioi or ciilnni. Ifidimtim. is what the 
engmoer \e in^rtidfd (o do in conLfolliing hni imin in compliance mith aspect displayed, 
Se/naphoTe i^igtink cociprise one or more blaLli^a, Dpcmtid in three peeitioctB in upper-right 
quadmrit for dajy^Ep^ b^pecte. MoriEuniaJ puaition indicates Mop,' Ht. it Indicates 
nautfon tor upprcaicAj \ in vertical position ft indira^tcrt dear. A'ij^ napects of aemapherefl 
are shown by colnttd ligbtj^: red^ yellow, and grotin. Lighi j;ignals^ dopt used for new 
jn^tallatioiiif, dav and night aspects by eaior or ponlEOii of lights (or occafionally by 
both color anci posiEiod). For ro/or lighls, red iniiicates stop; yellow, caution; and greon^ 
clear, Frmhan lighta Em^ually i=tlight]y amber) an? lifthted in "group^^ pDtdtioiii corre¬ 
sponding lo pofiitiunji of hladL'S OH Semaphore-^, Wijrft sigroda govern ourmaJ train movL^ 
mentSp they nn^ mourned on nmsts lo right of track govemed, or on overhead jrtgtial 
bridgi'fl. Dwarf ragnais un very idiort maals control ]nw-.‘^|jocd {dovcitients Ln yaniis and 
“back-up^ movcjnents on main tnicki?. An G^^44fe {Map and jiEoy) sigdid in one which 
(in rcsfErielive piadtion) indicBtc^ that a full stop be made ami train must not pro¬ 
ceed uiLtll a change of 4 isp(H.'[ is ^hown (or hand signid givrmi. A pcrmiaatiw [dap thm 
ftfaceed) signal indicates llwt train come to a full tftop huT may then proceotl alowly 
(after a apecllicd interval—uauidly 1 mini prepared to stop within ""range or limit of 
virion." .AppratcK for diManl] pigruda are needed to give an engiiiiKir ru^ Extent warning 
tf signal aJa-ad displa>ing & rest detive ludEeaticm. Poor wc^ai htT coi^dltloiia may niElui^c 
viribility to such an extent that a signaJ cannot be seen until ihL- indn ha.^ pEUCticaily 
n.*ai:hi 4 j it. The ilistanet! between asi up^rwurA and a homf rignai nhould be suiheictit for 
^'braking^" the train froiu high s^jeed lo stop (or lo a n-^ricted Aptvd). DiataiiH! cuTcdcd 
to atop a high-npet>El pa£«^:Dger Erain or a heavy freight train msy bo li,000 to 8,000 ft. 
Prtttjective signalH nuiv be used at spedaJ liECutions; these include dragging eguipmtni 
deXeetaTE, wlide deieeftan /etwre^S high ^ifder Ejkari.i, and jlrr tktedarE. When these are ac¬ 
tuated hietmuH? of nil unsafe couditinn, auloraatic block or intJwlockiug aignahi in that 
an^a display their mont restrictive Aspects, 

Track Ciri^iijta. Slgindtiig system? mt* baswi an closed eircliilfln the track being divided 
into olcetTicaliy isolated Kecttuiii by insulalid rail joints. When no train is in a s^^tiun, 
current hows continuously thnmgh live rirauit and the relay enntaci keeps signal balEery 
circuEi clEifwd^ A train on the circuit caus^TS current lo flow from oiw rail t* the other 
Ihrfmgh car wheels and axles, cfiu--^Lng trajtt-relay armature to npon a contact breaking 
hE>w nf ruJTt'nt to riniial^ and caiuung i t to display a rest rietivc aicpi^ct. Sumkriy an opt^ii 
switch or a hmken rail (if completely broktiii away) putfi rignal tn a nratrictivo position. 
Thrt' basic prineiplp iii all signaEing that, in ease of failure of a circiiEt or otht'r appat^tus^ 
the iagiud fjoe/i to tiangtr. D-C track cinfuirrt aie generaJly usid on nanvlectri&ed tracks, 
althaugh Altcirmting eurrent may be ui^d ; on electrified I racks alleriiAting current ia 
u»d. Coded ciVcuzVj haw received ineraiming appilcatiou. Their use nducea the nuniljcr 
of (tne wires needed, in automatie block signaling, codctj circuits provide a track current 
wdi'ieh is nmlifiiiouMy interruptr^i on tbnl track relay “'irutkcts and breaks^' its confaErta in 
i\>bspon«e ta the cixlu cycle. Differant coiles are used to control thEj rignaluj for exiuiiplc, 
75 intemiptioruf per minnlt^ for aititian lappnjachi; ISO for pmcet'dt and na 

mie mti^uiy E^umint) or lllj#en™ of cum-nt puts signal to stop. 

Inti^ripid^g. hSigiuils and BwitE:hL!s an -1 nterlockisJ to prevent cunfticting moveim^Dta 
at grade c:nj«:ing 3 betn'cen ndlwaya and at jiunethinj'. Thii? is t.-ffecled at the coutml 
point by a combijialton of mja^hanical and electrical "Mocks” or by a mara nwnmt nU-rdat/ 
BviFteni in which tlu' lorking is done by inlerconiH^ctEOU of cLrcuibf through cnutacta on 
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relayifl. Tn intvrlocfeSnK pluJit^^, sfti-trWis and fli^nalp arp EipK-mtpd arancrofJs/ 

from tower hy pipes to coatrulk^d unit^i. Thu* wm tke earlk'pl Form of interloc-lcinn: 
pud b *till ii24cd Ht many point-ir In pntrrr 'mieflorkiniSK the wnfral b elertiie; 
and aJM? optfirtlnf by ek'^etri^l nwtoiv s^T^tem) or hy rompre«iiHl-iiir rylintiers 

liiyfltcm). An efecIroFFW^oniiTof mterloeker is erne m^ini; both ekTtrieiil 
nnd nu-Hrhanieal k-v'ers:; usually nearby swiirhes arc opt^raCc.^ manually aiiil pignab by 
eleetnc motoric. AyforrKr/ic Luterlocklitg is often usutJ at ttnuk* eroKiing^ of mihvav'itf and 
itt aimple juiietioup, the j^lgiuds l)emg contmlbd dia^etly by thi' ptuNznev of a imui in 
Interlncketl zone. 

AU-rfhiit [nterloekitig hop been an outstanding devk 4 opmenl in railway ^iKnaiing. The 
inT eriocking b aocntnpLbhud through a mrlwurk of circuits and cptay?. Compact puneb 
at control point include EStnail tcvcri (or knfjhs> for operating switches and Ptgoalfc, and n 
mifiia tHm geoRTaphicul layout of the track in the control ama. Pofntion of pwitchr? is 
shown on tmek panel by eiectrlrally operated “indicators/' Lights at Fignal lever? show 
when a signal hnM been cleared j IkgJitH on track diagmin indicate location of train? in 
Lnterlocked arvPL The operator has; a complete picture of entim lonp at all tinw?. There 
are two tjTJes csf ail-mlay intcrloekiug eyatenat. Oru; in an ^"individuftl lever"' system 
with a separate li*vejf for each signal and sviiltch (or oroaiioivr), in wbich the of^rator 
“»et#i up*^' each flrwitch and riigiml for a dctdrcd mutc_ The other 13 an “entra.uct'-esit''' 
sy^stim in which it is only neceKsar^’ to operate 11**0 levirra <ar knobs) to lict up on entire 
route, 

/fffrifl/f wntrol la dehned as a method of control Ling OLitlyinp signal uppaiatuf from n 
designated point, ft b bajfcil on uff-rcinv iulcrloeking and waa first used to control 
Hwitches and slgniiii at cods of passing tmeks, nte. k has mmic practicable the corn 
solidatinn of n^vcral interloeklEig plants In a terniinal ait'a into a si ngle all-relay in^tallii- 
tion operated by one man. t 

Slock SignMliikg. Thb system provides a wpftre- irderval bciWE-en “following" tmJtLH on 
single and double track and prevents ^'op|>4if<ing"' trains from enienng the oame ■a’Ction 
(block) on niikgle track. Early hlock'rKfgnal sjT?teni8 were of manual controlled by 
an opiTainr at und of each blocks a niENjifiration of this la iontfoUed ma/junf system which 
inelude? nltMrlrie locks between atijaepnE bhwk Jitalinns, Lnder manuof sy-stem, bEock is 
afversd miles long, opei^itur^ iisuidly being located at railway tflatinrui- Itii uac is gi^iier- 
alky n^lricted to district? whs.'^Jv traffic is light, 

Aufimjcrl£c block ?igekah= are now iiLstalkd on muni ih»uble-track litkus ami on a large 
mileage' of single track. L-ntJer automatic block syatem, trains actuate signah) through 
friicJfc ciVeurfn (see p-2 471- Sigtiah) arc usually of ihnv-oispect type (stop, appmarb, clear) 
providing control for twu blocks in advance of train. AuEoniatic block signals arc 
usually spaced I to 1ruilei^ ip^rt, depending on local »mdttitins tgmJc, enryature, 
cie.). On a few' high-speed hni'a i,and ^kftcBk on “rapid-transit''' liiu^p) a frHir^oi^pikc^t signal 
hi UBcd (comprining livo semaphore bleule^ or two light signals), controlling opuratiork 
over three blocks. On douhfMrucA' Iinr?, automalie block system normiLlLy pirovidi>a for 
“following" movi'niL'nls only, altboiogh in some caaes Mgnaling is prej- 

vided OEk onk' ur Loth tracka tn facilisate Lnun movcnienta w'lh.^n^ rraJOc h heavy nr pn;- 
liomitLaiktly in one direction al n^riiUM fs^ritMEs. automatic block signaling 

ixmtrols fl) entrance of TrainB itito singLu-track MH.^LiciEi 3 and (2) “foltowiiig-" rnovemiMit.s 
of traiELS in wuike dirpctioji. The cl6«vferrc-pcTF7iiJUi'nE sjnfllem 13 the mutil efUeicDt iarp^. 
ti'kiilur this ?yl^tt^m *r4wf#ft4Jr signals arc placed at ^^'nlerlng'' omls tkf singk^trark acctioiw 
fUktl jifgrudii aji! UHed for intermediate signals, [kp^^raiing in the same wav os for 

“following^" mf-kvemcikt# on doubk^ track. 

I SimibfT Mid tjFpe ol' ItiE^ti tHi ITbitcd (Jon. I, lUSTi; auloukaUc, flit: 

rlrctrir, 1 tNi3i| ^^tToniwshuudiil. 'i&ti ctarUnpaBumMaip, 3d5^ WrtfklllJtaL, trt7; rWROWli' EaEiiiOL|«|, iH&‘ 
OiloL TiLLmbar ^ '4.-47. 
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ICC Kquirpn auiomiak hlocl: aigiiuk uu all MxiJDiui of track owr which pMfte-ntri'r 
inuftF ikJV operated at tiO mph or im>re, or over which fn ight iraina we operated at 50 mpb 
Or mOn;.^ 

Coalnlufid Traffic ContTcl {CTC),* PriM^ticidly all train mti%vinjcnt& on single tmtik 
urijginiiily govt'rrw'fl by tixnctabk nmi Irpiik urdi'rt*:. A[th>i>ii£h iuti^rtbuitiA] iriPtalla- 
I ionj? oF ei-ntralisM-i^ traflir runt roll, ii ^ysb*m til '^'train oper^difin bt; hAV»' 

\)een tt m?ent aifijor jjfinion of aiiiRko-lnicrk milongL-! m ^iJl oiKTAlL-il 

uiidiT thi'^ old 0 y«U-Ju. FU'pulty iminA ftfi- given tinwlublo rights by "cla&si" BJid ’’direc^ 
rioii,“ Euiti tLu%ititig point,** wni idinwn on ttnKdtthk*- For dll txfru trains (frLdgbt tmin.^ 
are usually su clageed) and For n^iodar I rains much b'hLtid J4i:hcdtilc, train onlcta arc 
bsui-d prt*scnbitifi nif^tjng p«inta. Thesr an* transmit tod from diapalcbtrr lo local 
operators^ who di 2 li\^^r tbem to crutt*s of aJl trains jijFectcd- This method involves con¬ 
siderable time aiird labor aud may catt^^ delayi at meeting puinUs; it also inclLiilt^ the 
possibility of “hutnaii*' erroriip refliiliing in hcad-oin millenuDJt. 

The devM^lininit'iit of rrwiotf ntnlral uf hwitcht's and signals by oif-niky interheking, 
cixltd irojck circuity, etc., has made it praotlcalile to direct train openLtion entirely by 
m>na; fncfi.i:rjt^pi^ given by a train dm^ctor i.or CTC operator) at a central eontrol point. 
CTC may be applied to a MmaJl area where trallic is heavy and bottlenrhck-i ifceof or to an 
etitiie opemting district. A panel of thr* type de^^riU'd under aU-reiuy inlerlockiiig 
iofiialUal at iMntrol point whieh may be anywhere in the territory'- All iiwdtchi^ anil 
stRiiaU (nxcept tntvnnetliate autoi^ialic block aignak for "Fnllowing'* nioviiiMMits) are 
controlt^ and &prrat€4 by CTG operator. Interloeldtigs a! enthings and juncriuii pointa, 
previously npciated individnady, can bp hniuRbl into CTC rantrol. The opi?raEor is 
auloTnatieally provided with inforiiLation a_s ik position of trains as they pass specibc 
jHiinis on thi- track. Dmd-lifix switches are usually installed at enda oF intermi*diate 
sidings where local switching k done; these sw-itchi*a can fcje by train ert*wH 

with permiflsion of CTC operator, l^inei- the nptimlor knows the position of Lmins at all 
tinH**^ he can artange ' su that litilc delay in encountered; in many caHea ttu? 

''mect-s" are ncrj^cp. Ci^ittraUxcd a^nfrpl haa resulted in speeding up traffic, re¬ 
ducing ^1>otilenecks,'' ttrwl in providing Qiany opemting economies. It w now quite 
common for niilwa^i^s ls> revert from double-track lo wugJiMmck CTC opi'imTioii on \mrt» 
of I\v‘\t lines- Woiia' railways have inatalled CT'C on portituiB of double-track lines. prO’ 
viding eilher-(}iTc£iion signidiiig on. otic or hotb trackjp. This provides increased flesi- 
bllity in tmin operation.* 

AutomatiG Trabi CoatroL Three systems are in opomtiem on Uniteti Stau« utihvays- 
They an^ automidic irmn (A^rf), iraui cotj^rof (ATC)^ anJ tudamalu; 

i: AC?^)- Both ATi^ and ATC jodude automatie set ting of bTakts= if engini'er Faih 
to control bis tndn in aescorilance w ith signal indicatioits. AO? pro^ldctt eunltnuiiu* 
indications in locomotive cab but. does incluilu autu-matic wetting of brakes. AT8 
pystem is baw^i on inducftee opfraliiv awly at iratjMid^ sr^nak. If 

eiigln«jr failfl to olajy a signal indicating brakes are automaUcjdly sol and eunnroi 
be refefw^Hl until I he tndn is piopj*ed.» ATS s)T4tem w'as i nstallwl in aceurdaiiee with an 
ICC requiremcnl in lBr>2. X nutnlar of iiiilw-a>'ii have siiiw htvn permit tcaJ to abandon 
ATS and subntitute cab signah' (.ACS) without bmke-setting features. A few' rajlwa>':s 

i SL4>«k^LBisil RlaintiM cia Uajfcd 

^ lua trnzk □LilcB Db '"iwcp or Lraelii: tout- llldS?, y^MMiMdhc, 3Tp^-l luila u. Hn#? ti^kL 

1.75* track rail#! #n ' nr raarr ' te^uk*; UUL en.EKH- Tirtai htodt ^ir^n <intoniiiUr ■nd uDopiLienvuUr). 

lEUfl M Tn^ffir C^uMrul ITCHJ. Shuw ihe Eenu CTC la iik COIIilibMI IrtikKi? in 

ti-n. 1, 1957}. ^ (IJlsStl trtcW -m OIMTimtwl I)? 

Ijufiftaiim irOJUiMf trdim iti Lhlt M C^IC, feJUfiWfCli A *nuUI portUn af It FCpCtMU m. tnixlieed 

fslrtu ib wJiich 1 tnin dwpaiclwr 4imin llat^ brtVMuejil d tiMani* huE Ell# Mjpial iwtdyxiiujMM «#» tpwti by 
kbcd uncralcFi no tefcOflhbnK- UMlnxrtkmn dkr^tflt^- v.. i .. ■ . i 

i Hawpvfp, KuM^inaiiti btake wEtuir b (wl d Irrtr mdlnsiaME 

ibm.i bs Kseipiiisil Lha rtiiriruv^ uidu-nrtoN d^AtiEK^rd- 
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KaVp ATC whlfh i* yti iFWi/iii-iii'r ronlr^t/. ATC 

rrotn ATlS in ihai it mciuilt-s *j>^fd rpnfroJ jcj woil ua Aulonuttk #tfip, (’nJi'i- ihw BVAt^nn, 
if enjpiirc>f lo np>^nLCe IiLh traiii in with imiiratf-d liy ihp 

ppwl ia AutonuiticaJly rpdUTOd iby ^utuil vi brakiiij^i m spcinl 

Auloiiuiiie ctth i.ACSi- nTfinin.' tfcn/i/iuoiHE indu^nfitf Cftl» FiRuitJ^ furnish 

enpnF'cr with cortbrnmuju liifortnatioTi nf to wnysiih.' indiciktickni>. Wbimi'vi^r it more 
rwtrictivi.? itspert in shf»wai, rewi%i«i ah Auilibk' wuniiEiK »a well a? visuAi lu^peirt 

of Cinb Bt| 5 iiid. They inoreorter swifety iiet'ALWe edgfnsi will ebunxe ^li^illfltAI^r^3^lFly lo a inon- 
n^trifrcivi.! iiuijetktion if a nwitch im rspenini nr a pomplete rail bmik ocetirs while inuEi \s 
ifi the bloefc. If eiiginwr iihieI linMintTi) fail to peo a wavisiLle aiiipial tFeeauw of liAii 
wfAther oOndilioiis, l>Dlh views.\ jinil audible w'Amio|p= will \n- Kiven if it haa a rwitnetit'o 
Aspect, ACM also ppeedp up indti opt^mlLoiiH liecAUW nih nigiuds indieAte whi^n a U'^ 
ttstriettv'e couditiuo <wcutb fAFcsUJit* a train ahefu;! pttisinK iniu uujtt block. In 1047^ 
ICC reqtiirml railwa^t? in install itilbrr AT^k ATC, or ACM on tiinH over which any trairm 
are operated At SO mph or mim-.* 

Clas^ihcAtioa Yard CoptroU .Switchinit of freiitht oAra on inditstrtai tracks and In 
many fn^iitht yanis im- done hy drittia^ in which Icteomotive jicishiw and ptilk individual 
can* {or EErmpt i! Into prnpf^r tracka. A grapUjf lor AumpJ typ^j: was cievelu|M^«d for lorg^^r 
yards in ’whicli a train tq ht^ c:la^L£.id was pushed slowly over a hump when* ears im 
^“putR^' j were imcoupled. The-flc ‘'euti-;'^ ran down a RTAcle and Wk'ju switched to 
appropriAiF^ tracks, i;eteb rar tFr cul iwin% arrompArued by a ^'fi^hir" who the ew 

lo control itff speed. Co't of BWiteliittg in Auch yards w^as lar^tt* btHr'AUM* uf number of 
riders enTploytd. A suhsf^mmt development war tht: of ^ar rtl^irdera, Eiear foTKt of 

the steep ipTide (iiolow bump I and on tracks leoillnK tu ehii^^ihcAtioEk tracks, Lu pmvide 
cetlULPlle rrtAtilAlion. Cat mtarders^ e^Jnsisling of irack brakes w hich apply friction lo 
sides of whwls, eonlrcFl the’ trpml at which cars euter chnwifiE^ioQ traekia. Car rt tarders 
and track switebcfl arc peiuau-d by elwJric miiturf; c^r air and an* ofa*ratH?ii 

from eontrol lowers. The opc^ralors can Actuate ear n-tardern wiib varyin^f degna-s of 
n^i^ElatiEm. The “hump" bin^Enan and contral-luii^r operaiora ate furnisiuHJ lists ipving 
ear initLahi ainJ numU'nt, track destiimticm, ami imliration t<3 ear weight {wdfcether 
empty, joadid, etc.), 

Cnr-mtanler yards builE n eently tnrlurlo iiiinii*ruu^ IniprovE^EikL^ntjf which ijrovhJe for 
considE^rable ejadoFnufion in clftssibcAtiun yard uperalloti with, resulliug effieleucy and 
ecemomV- iMrcityr* and ihg^prftioti fcwWAs (utvder and alongside df 

cats) pftkvhic fur ehiiekiog of carp tejfnrr thL*y reach cn.'St <d huiUPp SttfifcAtaji 

by which a siaKEe> control button piwiLiotkA ali tik; sti'llebi*# leading tu eii-stination track 
Iwith nbiUty to *^slom'^ ronle Infuimaiiun for five ^'cuts*' of ears); efcciroair jfcvicrr^ which 
measure H'ciirhi and Rj^eed of car and autontatically control degree of rctnnialionH eu^U 
n|A’rate Track awitches Iei prupirr t*c<iui'ncc; tukl frncJt-/uf/a^as which indicate tyx- 

teul To which a elassiflmlion track ie oceupietl. These improvement* make ^kwttdblL* the 
concenr ration of control at our poinl ccar ibe ^'hiimp." Xew ywriLi inebidu many of 
thette deviois*, although kh* exlcnt of ' 'automidiun'* vari<»*. 

Tram Conununicaiiqo Systenis^ Thi^? provide mean* by which memlH*ra of a train 
crew can talk with each oeIuTh with ijtber train creww, and with iraiEi ili.^(iatcbi!ra, yani- 
ntasb^rs, elc. TlA^y iuctude rofid In^lallaliuru HEhd iflird alid Ccrsnii^rf iEktdallatiEFUii. Tin* 
fcirmcr provide* jneruaSed tjpemtiriK cfEcieUCy and Kafk"! V in maindLiU’ U|M-rationA; I tie 
latter has been developenj to facililate Rwltehing and terminal opt^ratioEL^. A toAio type 
py^tctti, operaiiiig cm fA-nPeucics altocatc^l by Federal CiFEiununicatfoEis CuinniWion. 'i» 
used in praciicaJJy all yard and turmina]! instailalioriB and on 85 percent of rood inslalla^ 

I Hia Jiiii. t, tIUT. UiMtcd ianHll«iikia» u l□rUlkWfe: ATtii, lA.OSrl u*ik xnLla wiiJh 

tprtibiaii^'e* er qtotarESjti Kmlpj^edi: ATC. IpB&S tCmck taiU» wit|i miil» wqwpptd: ACA, 9,500 tnck 

nhi^ viiik 3^77 units Kt^ipj^ed. 
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tioiw. All inr/urfMir tj-pe, in wliich « nuTi-r cuntnt » HuperiiDpcwcd on Ur*ii ivirt-s, and 

Id im Lht* raib^ \b o^tcnr oti rood insjitJiltiLltonji. AlLhiiu^H Inub 

iiiunif!Jirickn ityplndii* pm vide euJditionfLl iiafety, ihey ant nut PuhFtitutid far raiiwny 
jd^^nnlifig blit wfve te supplement it J 


LOCOMOTIVES, TRAIN RESISTANCE, AND TONNAGE RATING* 
LtKAtnoEives. Miiitiw p^>WT!f nui Unit^Nii rwln-u-yF ineludes principally 

eli^eLric, Steam, ekHTtne, and R 2 u^tuii:?int>ek*€lnc (nil-End) Incomot ive*: nnjhiple-unit 
idiMTtric cans; and rail dit'^d otiw iRDC^ Ri^Rwrh U ruiuiueted on j^af-tuThino 
tf3ectrif loeoaiotivea iL^ing piilwditxi coal. Thr fw^iRlulity of develupiug; nn ttlnmic- 
fH^wervd IcMtmiotive if l^ing ini'i-irtij^iili'cl- Althnii|?h rtfuni lornmciliva'iH eotistiHiU'd the 
prinei|»d motive power untU th*mt SSlUo, dii'^^J-olectric Incomotiv^^n liave praefieaJly 
supplanted tliem.* 

lioeomotives may Jw tfmjndered in thus- (l^ mciproefitiriii fU>aiii rnhShw'?? 

meeliiiriieally ctmnecti*ii to drivLttg hxU'^: {2^ Blk^ftidn^lpetric and ga? (or stibium igrbiiiw 
1 ‘kdtrir: aiiti (3) elsH^trii:. The first two grcujps im similar in tbi^t locomcdivi' earries 
ibs own power plant w'ht'renit eloetrie lo€oinyti\'iw have a relatively unlimiU'd scmw of 
power availulde m the difitrilHitiou system. GnTtifw 2 flud 3 hjv :?ijnilar in lliat the fiuat 
drin «i clectlic, Advaiita^^ of ekfOlric drivx- are ^ iratiin Effort al ^tortinj; and low 
*:peei;in, pmtMiih iftartlng due to uniform torqat. gtssj IfatLintf qualities,, relatively fane 
ux^e kWiT, and upportuidtiefi for fffcfrfr !^fnA"frip.^ 

LocopiQtive Capadry. The final uiit|mt of a locomoth o is a eotubinatian of 
\ r, mph> anil imfiipr rffoH i TE, puli, Ib^ Power developt^d nr exerted by a lofljmotive 
may } te t-xprivs^N I in hof&cpfnnr\hp\. For uniformit y in rcimpariog different locomoC LveSp 
hp and TE at the jirpefHjjf uXiTe^ shnuld bt! 

TIa* ^upaeity of a liirtimoiiA'e ui limitt^l in (wo w ays; firwtp by nmouHl of poti fr pj rwn 
riJic, and set'anii, by nmtiunl of po\rrr tf can da^op. At starting and low speeds^ tbi: finst 
liiniL in m't by mfhx^wn bid wivn driver?, and rail. This depemls upon rail and w“enther 
mmlllioiis aEkd en imifcirmity tkf torque. pAvallable adhi'^ion inay vary from 5 peieent 
of weight on iltiwrs under exin mely poor rm\ eonditions to 40 potevni uiider cxeep- 
tliknally good ruikditioni*. Xonnally adhesive limit La taken a-f 25 pem>^nt of weighi on 


iTm^ «PHqimOr^tinn 4 m PjiJt-d n\lyfmy* iJsn. 1. 11*57.^ ffws* JhUiwj null*: 

nuliD IL! IBS- UidurEivc, 7.730j xniMdbjiSu^U tiRtWaimc WLFS iiit 4 !T«uiinkuni™^i |SJiLw PJMlW 
Rfirvir^. Ift^. L 5r313. vfmy^yh- rtaliuRfc 1.1 : l4.™k.ti™, C.2tM; «tJirrT^iuhi[p indbt S.oJO; 

lurtaMr Tmrk L2.«7Ur Yifrd aid iJidtfatfoiu'M. N mebej at lusiJ^tkMW -HW | wa>^4j^ 

tmz lo«jnnrtii-w. 2 ,!h 5U: itAtxHiHS mkl Pthaf brtoijilr ^ | inirtfW? p*r.k m?ej, IH- 

»^AREA Mapiikul.’* »0M td-- Oitiudii* mpi™! by ARt.A un i«inpcR»i* d 

wLnA nmnlkin u totUiPlil f'4Jf t. Loroiwn. Ui Ifp-l-lc! i A WpmWH^, iifi. tO 

fWf JT^.V 1™1 to 1^3^; row, *. CW'if pp. 10^2. 

iW I, «D«an>U. Jtndf- Anil Um jrrtdrtBfc r-rt 1. rtWity ttKihrjd* pj (.p^jAtmp. 

lif fUt unO hnmn y»nl f™ht-^rRin ttwIorFiif nr^ ^ ch™-t«ti.Pao d 

riwlfir. u^-rlnirk (di«iw<lk |i>™iiH»tiVi* «l4 TTul tiLtr. |#/fiwniMurii i.rid (nid. ■ rrfH'd.tnii4-di*tMmf npJrMjq- 
Ikmsr #MfP 4. irecla*pL6catk«-i iiidn LW4-IW. i i.-l ^ ,, i 

* Uxoiuuiin* ar- rU-J^pd under eiUK-r VChyie ot AAR In (I ihi^mu 

th# nunitirref tnsrkji Bind mmnui^'nif ui dT sfiictL* rw intlJf»iis!. 


Tti4kf. tnH-t n;Efn« w a JuraineKtivfi mfifnrwii^ 


UII 3 IrtJtk*: eilut (pLidmeJ Pnirk JiH^ ( ft-Sirelfl. drivpiff ^rujidk Irufk 3.M S ilniin* aiki 

trqpk * wIm^Ip. a Bwltdun* |o™Wii 4 PtiY# vnaM bn? O-C-Oi nr kjaniniqnlj- Bi^.U^d 

UrfrtmutlTiP ha™K utertrk dHiT. Uater* Lhdi^w numbsr oi b^h SA EsM ^ It .. rt.. ^ 

nuiuEndB irntnciit iSr Sklw- Fyc EMinpilf. lu<ij|puOvr (nadtf hy tr ■j'i.Imu} ^miJd be 

jliwd^lF^rir unit* in- IH* C^C. [( pmliitLIr Bxti9i oli tnictp kts idts (.BcwdniH^rK itmt woulit 

vi rksrtriE liTBJfcihit wliWn ™yrri rGjny »tni^ in Pmiq 

rtducbi iHHilinj; and □( brak^ Mw« and In brnkuif ka^l^bLi^ lo 

DT tarNpv^BElrw I.Vitt3<|! ct^trio entuTty !■ -Ui h^taiE(‘arrim gp luTOmuOTfl. It) 

itfktfairrt bnkuki tippifL4?ililr tnntijcinK lucomQthi’BBi ipcu^to n rTEumdi !* di-ttnjhfjtwn 

niwlwiriirnij lrei*aniiMli«n I«M» (.rylindtirt to driTinJ- | ■»« |l For (ar 

tocmwtaivw, iurifMimf H LpuBJly d^^fiW b.h lnurcr awpiiiil^ /w Tlir lirupn? 

BUTb^w (dwl mgbw 4 ir tuibUirt bM raiAftiy lat»v4i ntp^ horeffpcrtrKri Mi ^ifH-reMf aunJipiw 

bnSlEd im lotHMii^ivq. Thr ilvHibiftPd Um ii«irrtwr. tren»n m^tP ^d fWV 

19 |N!n-<?nt id tlint driwiMg.^ AnriTikiWW IP waually lltm “ Si i«»rit crf i^id *-r«p4n^. 
loMML'guvHSii hoffWM'^™^ reJ-Utu M pji BrtiJirart' i>ni' dpteiiiiuvrd by tireLiinfi: gf ifiAtofa. bird uxtublly baikni 
4 )n ftilH!*. |iFv4rfTTljb^ by Aineriaaii ItauiuVr ot tlrariJiral KMisiMxn-. 
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dtivi’r» fur sEfnm itKKtinotives; for lLtc«iiniGv»» with rtcctric drivi' SW pt-m^nt iw uflrn 

Ttn: j^iref capncittf of IcHTomol idcpetKlif oii vjitiOLUi fflclors of Itit'oniotivf 

dt'Hiifn. For win^J^M'ifiMuuwoii ni^iprcKAtin^ ertewn lopfoirmtiviMi, miLsiitium fnit€<lj 

cylimJcr TE " wb^ru n u DumhT of iri"Uni|i*r»; p, LoiltT fuvsisiiro^^ psH; 

di rylindiT diswnotor. In,; a, piMton tflroko, Ln.; tr, dlftmtitor of driviEiit wWdi^ in. timed 
TE flin be de^'^lopi'd only si stArtui^ unJ von' low Hpeedf?; for runiutiR it iniwt be 



Fsa. SCI. Trartive effort <nirvfr for Joooniotiv^. CMfvv W Eor 2.^(5rt-htii '’Tndn 

Maator" lorouLotiv^ (FHlrhutlka-Mor^K MimjnmJi ecnitintlfiUn TE, lb, aho*Ti by hdriaontlJ 

linDA; vcrticaJ Imni indiratr tnaJCOiiUtn mlltswaNe i^TE on 


ifdui&.'d by H ^poffd fnrtoiT-* TE thus found iniist h(y nxIueiNJ to allow for ini> 

ch&nicid Emn^nufwion to c^tmn ftn^ii*g rufr TE. 

/foTifpftjorr f^OJib: TE, lb, multiplied by F, mph, divided hy S75; hp = TE X F/S7S 
or TE » 375 hp/F. For dffjfeWisofrtf lottonintlvi^, drininiiHaiA TE = 30S hp/V, iii 
which lip if talid hvrist}io%V€T /nr propulMion and ^ p€Tf>?nl If used for LmfLdmbadoii of- 
ficknc>^ Fuffuri' 3Q fhtiws drivin^^-azlr TE for u Lypieid dU^ael-etDcIrie tnycomotive. For 
locomi^niVE'a in whirh fiiiiti ildvi*^ in idifclrie^ the ht?aling of ttiruHturtTS in imcdon rnatanc 
fc^llii>1tzjhi:fi A limit to JJMtrtmuu* <^ppf«Auou4 TE at a eorn^j»onili ng HilioPIlUiiJ jpreid', 
OperatioEi at nlower jrp«^ (with increaaed TE) will heiit ihemotorH. l)eyoE]d the d£Hiiral 
limit. However^ thia la usually ulliiwAilple for Jthiwi peiiiodM Eime, For elect rit k>coTnu- 

1 R«rrftl l»eA km'vE LaEtiutRl that HlfJjticiatiitli uf ■ chifdijcal Miffacc- at nili ^irl|J UpnakVC 

locotnoUVii tntiE:Ui»n Hflij mdiiTE ilin^uE. ^EMiLca l^lli by aii ^r¥Mt 

iiiTuib(e hL fllai RpTHUl OQ tlw niP> by Eiv^iqTip; tbr lisv ■t'lmmiLcMLl A)^|ifir(TTit|y biwfikli Uiifl nuik, blu:reliy 
UfiprQTVUE fu^EwMdQn under bJJ K«AEb€f ^[^dilitirii. 

* " Lu^HUjUvf: nhpUa,'" tkddwlii-Litafc-HimiJtari C^nu,. JliUftitdlihla. iPt, Lbcluda curvw-«hc)>w-4lfX par- 

oenLkHe *p<a?d facion. 
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iiwm fitnd often for liiiw.^K-t'leirtdif: unita}, TE mfiDfipA hrt given for puriijck of 3 hr or ^ 
min, ete.H nietl on fii<r ro/tiinu^vui^ iipt^ruLiun. ThL- oddltiuEiA] TE Is ofirn feOpfiil iti 
opehiling hfttvy iraini* on njlinp; itnujL^.' .VfAXimnni a.i ^hieh lnootucilive 
3 t^‘ o|vnLtt>d Jepi-niiR on 3^ he rolaEioiiHJ oF EniOlioi] tnotor BUTiiHlo;n>. 

[^atrbar pull (DBPl The m-t TE fur piilliiig thi* rarH. DBF of n hmihm^N 

3ive for upt'c’ific gr^le. iuitl -rurve rtinditiiioH ip fomnJ hy cledurUnj; 

f^nm cfriripi^^e TE. TTn^' wlunyx k'vt l-iangi.*nt re^ipljuice irwl 

may also tneiudt" Kraiii! buhJ rurvit re^tftfijicea. DBF ^ TE — I-R^ where LR (he suns 
of al] locomolfyc driving axieii and rail. (8ee pr 2-o(5 for nu^thod of 

ilelermining LHJ 

Difiiet-^irtric loeomothi^ tiavc! thE' followitig advantage? d^mpartiMJ Ydrh f.tv&m loeo- 
inutivi.«$:: bettor fuel eeononiyp lightttr axU’ loadif, nioro uniform torque for iftarting t miim, 
hixlit^r TE at low £|>eoiJ#p quicker aereJ^^ration and di^i^oloralioD ^inetiiding dynamie brak~ 
iug), bigiuir availabilltv due to rEduotion in ^icrrwltiltg netaiod at ir mnihiib moro 
bility <lui' to Use of different nujilFiP'rP and flliea of fotomoLive unItap standafdiaaLiuii of 
unil?, and i^implifiod tnakitenanee and ri-ip^r^ di^' to U!$o of removable ditha^rnhlio^. 
Each h4jr*power of dif^i-tlecirtc capacity in^tailtif diipplanto'd at k-a^t 2 hp of p(i-am 
eapaeity. Firfit cofI nf dit*Ht!l-olt?etTic loromotive unit-s of rand capacity in a Little ovct 
^ 100 per T^tenl hp; for xmallle-r Tyard switching) unitfl per hp ia M>pa*a^hat htghi^r. 
l/i£»Ft-Heleftric locomoiiviw are lidually buiSl in tifXb tc» l^.f*00-hp unit^ For pue^ngor, 
fmiglit, raa<i SM'itchiug, and iraodfor sennee. 

Qoiir^wrhini^ieclnr (oif'/rrcf) icrt^motives are used to aanw exletit for lieav>' freight 
fiorvico by Utiiou Pacifie; the Etfi otiL'a were f,5CKl hp eafKicity aud mow rwent one* 
H,500 hp. Not onough eMia^rienr*' Lr-'cei obtairn-d yef hir a lliorongh iximparison of 
[hi-^^ with dii* 4 M»l-i^lectrie loconiotis-eK, pJthough it is likt-ly that the u*; of gns-turbine 
ek^rtncs will incnraae considerably. 

Efcrfn'r TracfiVin. Electrification of a lioiiti-d track mileagi;' <6,200) on UniUd ^Enteo 
nulwa^Ti ban hi'oii made to meet f coudit ioiii. These incl udo terminal and suburban 
pa-^BM^ngiT «^Tv^E^^ tunnel operatian, and In.avy midn-hne traffic. E^eerrlficfiiiun wtis 
adopted at hirge pajosongti r terminals w ith tracks underground (Hack a# Xcw York City ) 
to avoid operating ^t^mni tuet>iuf]tivea into them. Their exb^iwion InEo suburban an-as^ 
whf^n" commuter ira^e wae bt-avj'p pruvidi'd improved sendoi^; KUbuttian op raEinn in 
ui^lly by muh-ipk^-uiitt tnuiw. Ot her elE ctriBed fivct kms were iniit4dEud in tunnels wbe n* 
use of Ftcam InctimotSvitu was undet^intble. lEli'Ctric traction has since Iwon ahandaniHj 
at srjme ol tht^- tmmtionx and dii'SHl^flectrie loouiuntLvea iia^Hj.^ A few nmin-tim- in- 
st-alliiliimg- hfl%'e lun-ti niadt' wht ie traffic was In-avy, uolaiily on tbi' PebEesylvania and 
New Haven; s Ioor maindine electrificHtion waa niade on the Milwonkw tn take ad¬ 
vantage of kiw-cc^t hydroeleelric t^wer. The invxrstnicni ctust of powiT plants anfl 
distrihution sx'fftems ht large and can juiitiilixl only wben^ op ralLug economies ran ho 
Hhown or when!^ electric operation is nmeb superior to othi r methodH (as in jmwHcngt^r' 
k rminal arean). Thi* development nf dU'iX’U loetric arul gas-iurbiia'-electrir: In^Mino- 
tives, w hich are fii^xihle units and reiidily troiL^fem^ to other -cetions to mw^t ebanging 
I raffle^ Tvquiwmenta, mokes it doubtful whether much ajJditkmaJ electric trnctkm will ia^ 
in5talU‘il. 

Eiei'tric may bo oporatt'^i w ith either d-c or a-c motors, but d-c inotom have 

operating advimiaKes. TransnilK?ion lirwH may bo either by trolley lino* of high-ti^nsifin 
alternating current (11,IXX] voltah nr hiw-lenitton ilircct current (3,iJOO vxjlts); or by d-c 
tikMbvoli) third mil. Fligh-ieiision a-x- lim*? provicie the most economical lntre*mL>^ion. 
Reix^iP devi'kqmii'tita have Jtmlv possifi-le ihn’ tew of a-e iraEismtsHion and d-e inotora^ 

I I Itiyim itt l^KWHtiUv* an? KHtftfd tO pni lOw ijinlijm. Fw iWllcbbifi or fxrlihl 

*rTTi«, w|i^ Iaskt TK Is l|rB«iisi lu*' ^LlMU t NiiOlor l^riwfi to dn^irj^ libe) 1a Oriiafly sbcrill 

I ;4; fur hhIiJ k^mEiMitivE 1;^ I^r ullI Eur lujclL-iliwJ kwiueWivcn I :±ri 

vr ]: 3_ nvr rstiei ni«y br chatilErtl iiNotllfj tl* rliSTSct^n^tii-fc A diffriTlit 
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rectiHcAliun Ix-in^ moJu in loromcitivu by mtitTifi tA ipntiron nMrlLliL^fii. A iiujtnr' 
fenenitor lck;otncKRt? Ijtts ulai been iiihhI tu take wlvanttiifCf iif h-c tnq!i:KpiL^i>ti wid tl-e 
motoT^s- Thfcj ability lo operate electric l[i«i»n>tivuit fur tt limite d prriwi with TE mti' 
eiderably hitcher than ihr mtinK i* impoHaiit. 

Rail Diesel Cars. A uiileworthy deveL*pmi'tit m |jii24jH.'tLj&T ^crvio.^ (U'lgnuiiTfft in l06f5J 
hM betm the rnif data*! f«r i RUOt dea^Hil and built by Budd Cu. The* are etidnle.'^ 
pteel car® eaeb powristed by two diesel engirHf^ pSacinj under qnr floor; power traiy»ini® 2 iiioT) 
i® through n tonqin? contr^^rter. D3t‘P«d engitie-a nriitiiuilly wi-re 275 bp t «eh; iruJjWf' 



Fcu- 3 i]:- £§p«!d-dLi$tiinn> dJaiuBm for RDC rtir®- ^id Wntm are arederatioa imriL'M f 4 i>r flCO-hp 
Rudd RDC' ^injele far on difTrreht pruilv^i da^biod Uno la for tlireo-ear Lraiu oa Ifpe^L Irnekr 

qut."iitly eniipne ratiiEkg^f wen- inrrca^i^i to 'JOf) hp, Cmrtnt'lp are kpmti'tl al Emoh und of 
eaTp anfl rant timy be openitt'd mngly or miiKipli'^nit-* R1>C cars can run al jcpt^fs up 
to 85 mpb' amdemtlon ran? u^ cdxjul |.4 mpb [ler sec; rapjii decclenition i® obtainid 
thrpiiKh lire of dk®k braket*- i^:v Fi(c. 31 for aepfde'ratkkii rbjtrac'terUticv.} H^EaiulEu-rl 
dejoKtiA ahi available fur wvural taodek (u) patieiiRute utily (PO seal®}; (b) pam.^tLgn?tv 
(71 and (r) paarengi'rH (10 ^alP^p lia| 5 iptRi% rfiail: anil (d) mikil^ f«i|i^ii|ci% 

pjprta®. The first thrtv typtt® an^ S5' long; type (di TSTO- loiin. Rt>C cai^ weigh from 
115,000 U 3 120,00(1 lb, de gjufiriing on Inte Hur firnuigeJix-nt. Co^t { 1057 1 h alx lut $ 11^3 
for etaikdard typt*. RLWC care nre now urti.*d by a targi* jnmiber of L’nitinl State* nJlway? 
in vancktis types q( EServioeA (IperaEiitg result® Imve shi.»wn iH^ononiiof. in njplucenierit of 
ttandnnl passeikip'r tndn® on lighi-tniffir lines hy 2-iinit RTX> trains^ costa Imving Iwen 
cut by 50 p(^rei^nt in iwnue eaM*#. 

PasaengBf-trila EquipmtntL SiiVeraE lii'W ty|w*s of pfi^srnp^r trains huve bt‘en placed 
in iipfration In an effort to provide faahT ncrvico at tuwer operailng and inve«1nu>ijl 
evat#^. Although the eurf differ COtU^frliMtibly in dr^Ign tbi^y all are tiaeed on light Weight 

I A IniLet-tJI'lM# lUi» b1h> beeU ■JtfVcluptsl. vidi a «id4la 2{UO-bp eiiciiLe to uperM^ Tptll *tBridjml RDC 

^ CIHDIZlLJl^ KTT^fSW I, k . I 

3 iJn A ih«i^ Imv^ Iws jubaituMd fur AtandAnl imJiia l[tf omwi of itli« pqhurliui 

■enfkc. Nuffliicr yf b»m pm cmiB Tims® fwim :f In t»rh RDC Main BwcTMitii 11 trk|ii per day. 1.>ji 
VftmtjBTu FM:U^b^ thflP bum nmvinl un Uiai-nidr wnm^ 















































LOCOMtJTlVES, TRAIN RE&i STANCE, A NO TON NAG £ RATING 2-55 

ftTHJ kiw centtvf of gravnty l» n^u«' optirntiUK tostj and permit liLKbi::r fl|>c£d0, pttrtie- 
ukrly on curx'iTP. It ia uspeeft+ii that ibcir invf*liiipnt rrarf will be eflturidBtmbly 
tbaiifc for FlHmlani typt^J^. A TALOOlypt- train, firai ikmdnpi'cl for tiAe in Sp^iin, bus 
b« 3 n for tis**'- in ibis coujitry. The fin?! Inun wjui plnc*^ in opemtioti on the 

Rock blatid in ]&5*5: wE^n; RL^hfnijli'd for early um-J A iliffen^nt typt^ will be 

In;n 4 klliaj on iht* Ni^w Tork Ccnitml juid ihr Nrw Hfiv'en,* tRbr arr in proci^ of 
dfvelrrpmcnt and in trial operation, hi Esrinta- ciu»i^ raw are for iiw only in 

“complett'" traiiwj othcni hnvv ^tantUiJrcl couplcw ami am be used in any train. 

Trato resifitaac* of locoiuotive« wnf wi= eomfirisLia an "inherent'' lavl-ktngenl re- 
aistana^ and ^inoiilniitfiJ’' Pfnii*rancr« rim? to KTTidc, ciJrebtoit% winda, etc. i>pd-fantfffnf 
(often termetl Jrirlimnl or n^i«Lanoi4 varici with fpeed^ axle 

ItMfcil, cnias-Heetion arm, fltn^afniimng, typo of ionrnalB, coudition of tracks lenipcraturep 
and wineb. The foHowinji formula for levvi-t^tngaii H*^ii5taiiee, presented by W. J. 
Elavis^ Jr.p in ia commonly nstd.* The ba?ic formula Ih 

R - 1.3 + tr + kV + 

in which It L-b in^-tati^eni realstanep, lb per ton; Vy speeri^ mpb; w, avun^' Irwl jw-r aide, 
tone; n, numbor of axlca; Tra^ average wnighl of locomotive or w, tons; A, mnHi^cliou 
area, sti ftj t and K are cot^fficienT^f applicable to eiifli-rent t,^-pt* w(Uipnw'nU 


Type uf equiplilellt 

k 

K' 

A 

T . . 

0,03 

0,015 

0.03 

0,015 

D.045 

O.Oil 

0.0034 

0.0005 

0.0003^ 

D.0024 

0.00034 

0.0034 

130 

S5-00 

120 

100-110 

100-110 

80-100 

Krrigfcil caTH (cind kico tepdcraj. 

Ra^ngvr cars (veslibulcdf........ 

Nfultiple-nnit traitiA (vestiljul^Hlk leatliiig car. 

XLidtiple-unit trains (vcadbuled lp t-railii^E 
^^fotorcjiLra...... . 


I Pur ttnuaiUtufid ^squtEJ^^wlt. 0.00 Ut ui*y Iw ntbiiitiulfti wawmMivdj- fw O.EWt'^. mkid 0.00077 tw 


[mporCaiit tests to ^bteroiine rcaietance for freight and pA:^rLj^'r eam of 

vamn^ weights at riilTiTefit epceds we re itiririe at Utiiveficjty of Illiiiot? frtun HJIO lo 
t9th (fei- fj^ight tTiTP wilh spect:!* up to 10 raph, for luu^uiger care wi(h epceds up lo 
75 mpb). Tk-^ t<‘flt-: fumiebed murh of thi.- data iiaHiij jn developing the Dam formula, 
i^ubffeuyiml tests (1948) for fi^Sght ai higher ^pvvAa indicate that values found by 
£>ans formula are low for spetda bctwTJco SO and Tfl mph. However, ral of itua 
formula appears JuBtifii^l lor fn ight earn ance tb*ir rx-^tances aru icuporlnnt prineipuJIy 
at modtirato spLiKb in dt^termining loniiagc ratings. t)rher invL-stigatiooB haw btwn 


I nrmin 4?D«UHUII* of r<aLr c&r*. 


__ _ „ _ __ jiftl- i^r Wblrh ii lO!t' loov f™i f'Uiir aiJal fedui luadk: iijj? at Uinou- 

ai^^uTb^ Ulijia' 'lo Tfflittu *^l ill aS^njt hiif tbai lJ Btundirii pammict iw- Flw v 2^4* 

mbovK log nt ikat (■Mllil.wred ■wiOi -S'i*' iMIi JilanLUrd oiJ*). ■ i Ji j , -fh . , ■ j * 

■ lb Ui^ tVl^. a HLiiKte-yilU fmr (WV two aijf«» V ktl Ibfl njwitlk’ ol t™D- 

jLlkd beliiiitl Tt brt liro-unll Brtkitllliiliid RM* loittf auC' [•<n' ij.njlll. StSalkH* r*lWCll5^ P 3W for ■■ tniUI wSUi 
m M!4 four twcKirjit tHi Ue# Nflur WMy«i, t«»risrtiVH» wia bm ^ujed on tiuUk rtidi fqr tmi- 

ilk uijii fUtiinJI III pjlLcf rfl*TP^tl*MTi Ik^iWrttL faTSI II MI 1 

i tlm (urtawfla ^irt. lU*., iti:tnrtw¥. ISiW. wx Dtf^-itJT^ b Wk oo BEwlytiral iluUr 

IbitMPHPUt imiMWnd ifiVHrtkatkiUP iFUWcki op tV Ulil It EfctikfiCTBlu™ 

Enwziiuri to kHTOhTMrtlVtti wr tkovitOtJll uminrtli ap|:im uti Jm-E tFW^ TImj fii»E tw** Umm rtiB^ 
Pint friHicn Biu^iPt imtirpt>'. Th^ Uk^ ttrni caHEtin^ frWttob. KjOCiWH^. mtftkjtmm. an4 

hiUBcdJubAuon K»|^ti|iii¥iM direrlly [irT^s«irOtiliilli Ml !|*t ^ S^irvUidl. 

pOI «fK HI? tN-kEfI mbE& lor or sKk wuidi. Tlic tbe firtnmb 

b bOHd niUilHid to Bftiiiarir.f friuipnirnt IKT foilUi^ r*Y VOktKS A oqulpiipPHth 

Fur ruLUir-boBrijut j^Kyrnili. i*i Kjrfwb froro a tu budi. 

fbmuitft t'or Wr loocb of la» Uiati & soon. Bubiutdi* <0,4^vw 4- Eiir ^ 1-3 r JS. w). Jlut Jun®- 

Lfi^ fpnLla ffvvTw^WniVPi U> hr drnlurtrf fnim twur® rtfuit ot drir^B Fw 

PWEI IwPUMEivrtr ^0 lb fWT ton of wwijht PH tlnvow ilwfiitil b* bLb*i«i for inwlaolral rainPtiBire iKtiraBi 
and dtiTini; ul^ 
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mftiiii findiidb^ model m wind tuonylift) to dcu^miiriLr level-tein^nt rcwtnrutw iur 
hiKb-^pe-t^i pois^n^r trains,^ 

Lmt^ianiffnt reswtajHMi at start in jc naay be et^ high aj; 25 or 30 lb jilt ton whtTi {ii^linitr>' 
fn^imi^irarir\^ ]purmil>« arm UB^.'LLr but it dncipii oH rapidiy lo ita mitiituutii vaIuc ut abii^ut 
5 mph. R^iilfr rcdum resistance vary piur!h„ At jtpLn.'iis frcrni 5 to 

mpb, roller beariogi^ joum&t resistance nboiit 10 piTi^tmi ^ at Rpt-vds above 

^ taph no appreciable rtwiMctiuD i* obtained. Ijow temperniiirw incnra*^ Icwt-taORPtit 
msistannt wbt’n frictinTi-bt'gjitig jotiriiaia ore UH^d^ particularly if train has bra^P flliindiFip 
a Iohr liaio. Allowance mwat be toacU.^ for this in toima^ rating of fn^igbt imiiw i>n fdir- 
rjf tines sinee ratio of fnvf-fan^nJ tt^isLaoct- to iraifi resi^tauco is larg>> nn |nw 
^radienis. Thir effect of Utw [fiujuimlun.- 13- of fmmr importance on steep padt^. tScL' 
roolnote, p. 2-h7r) HeatS or «ide uind^ inerra^e rt'sistanet-^ hut tlh- 

amoimt is uncurtain; in practict*. toiuiBi^- ratiDa is reduced somewhat aibltrarily where 
such coTidiliima are cspi^ctod* 

AREA ri^eommends use of followiiig formula for ietei-fnF«^*tf resLstMiix+ in eomparirkg 
operation of freight trains at speechi bt^lweeii 7 atrJ 35 mph -on diSferent gradients and 
locations! Taiiit r&ifianee cf tfniiFi, lb ^ 2.2T H|- 121.6C, where T ia Letal 

weight of cats and contents, tons, and C, nuiubcT of cars m Lrmn. 

Grtidf rosustaoce U 20 lb per tun for L^'h 1 percent of graJii'nt. It is of cuieddcralile 
importance uii steep-gradient lines, where it constitute* ihit major part of tuUd train 
resistanci*- (Idn gradL^s, it beiroines au accelL^rating fornu.} t^unw rRsistanci^ 

amounts to ahout O.S lb per tun fief dL'gree of cunalufe. ^Vhen ruling grade is com- 
■penmi^^ grade resistanci^ iriclmttJf curve resistance. If gradR-s aru vncomp^nAolcdy curvr 
rtfliFtflivcc may be expreiwi;H:l a* r^EoWcrd ^ode fftrtsJuftrc [see p. 2 -2f>>. 

The (pfoi of locomotive (imJ tender) includes re^^itanrii together 

with ^ade resistance ami cerw tesUtanee (if gradt^ is uncompensateti).* 

Examplt: Find DBF for 4,S0Q-lip diesei^lectric locomotive at 50 mph on 0.^ percent 
^'uneqiiipenimted'* grade on which a 5^ rurve ejecurg. J locomotive ctmskta of three 
l,G00-hp each weighing 123 tons and having 4 a>tlt!S. A ™ 120 sq ft. 

TE (drivmg nxk!> - SOS X 4,SO0/5O = 21i,&70 lb 

Grade and curve tesistanee » (O.fpO + (5 X 0.04)120' * IG lb ^ler ton 
LH (icftdmE tttiit)’ 

- mllO -h 1 ^ + 20 30.75 + O.IXt X oO + 0.0tol X 120 X 2.500. )23J 
= 123110 + 0.39) - 3,150 Ib 

LH (2 following units): 

- 2 X i:S|ie + 1.3 + 214 30.75 + 0.Q3 X 50 + 0.00031 X 120 X 2,500/1231 
= 240 X m + 4 . 57 ) * 5 v 000 Ib 

DBF - 29,570 - (3,130 + S,(«50) - 2i.3t50 Ib 

Tonnage llatUig.- Tht^ follDwing formula showw the n^latiun belw^^n drawbar pull, 
ear Tedstaiift.% anti aeceleratlng (or dcR^k^ratinn) force. 

TE - LH = DBF = CR ± AF 

in w^tdeh TE is traclivi^ effort at driving axh^; 1.11^ fefuf n^islimrf^ of lucomutive; CR, 
Prffif mnstaiice of cara in train; anti AF, arwlcraling foret^ Ib. i\Vhi?n .4F is negative, it 
indicftb^ a decelerating force,) For a imio moving at uni/itrm speech DBF = Cli. 

1 SrimiJTT. E- C.. "Fwwlit Traiti llwvi!*Me.” Jilin*** BtM. HiJi, 43. IvlOi^aMtur. E. C.. 

atseI F. V,\ ■'EfT^sr't of Cold Wealbet Ota Tiaili Rrautanfnt uid TotHiint RjEUiiiii/' If uii. IWlli: 

ScliHibT. E C.. tiul H. 11. Rvf™, "Tr»Ln RohiIajlix.." flhli. llO. l&SG; TmTHlH,- Jr K,. ""Ulilh 
h-Lt^ fmatit Tnih IU*i»Eaiicr.'" .Pi^lr 37a. 1£W0. ratcfcncim: Dkbj^m,, (5, Vk'. hbiJ A. 1. Ltetrs. 

.Vir TraiiiA^ Rtf. Mitk. tyff- Dn^^bcr, mhI Tunsir, A. I., kmuLLnrr fif 

liisht WcUIlI Pfcj—-" j;— T^jj.m Afr, Tul, LD3-. 17, t&^. 

r dI drirffninini nw^tMIO* ia oa luUiiiWE: F<i(r ifiir-Pfi-flfidlFir tmd rtwirif 

hiuzUIntiilvw. I^Tii ^^locDiDatitc IcxnnuJO kx isWMi U^l mad foirmiilm to /aii«n'n| 

i^ilE. Fur looafDod W {sltcr cudLiEliRB ii}firliMJiLoiI -af lib lutf ^xf viishi- OO drivtini), 

i^rtikjK fcifmula as U4il ""iHislil-oir" fentiulm to loodirr. 
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Thi- T^ing for b cl™ of locoinQtive w tbe totil of cara and can- 

t4rnl^ which il mn htuil al a cl{»Ain<d Fpi't^d on ruji'n^ gnudK" uf f^op^ni^ di.'^Tirt. In -paMengrr 
tiLTviei^ Oil- hMfn^ uf rarv wliirh ran hn- hbult^ c?qujils DBP dlvkli^d hy 
uf oni* tar, pruviUi'ti oil ran* i^n* oF poal^^lantiHlIy UDifortn typ*^, TucighT, ainJ axle ]n 4 idm£. 
If cfkT^ vi*jyr in cbanM'icr ami wi.-ight, tjf s-an* inay be foimii Fiy tliviiilni; DRPby 

l/rfof rfjnnloti^£ prr fnn fr^r 

For frri^ trairup, Ou- JclomiinBti^jii of raltHg invoUi^ iuldilliiiial Factcfnfi. 

Cnnf in nn f>niiiuiry fn^iifht tiuiu von' in from ('are £35 lo ^ toiu) to h^avit^ 

l<kaded care ^aO tons or mort' inefuJinx eojitcnt.s). At 20 iwph, l^-iang^ni reeietanri' 
varit^ from 9.5 lb per ion for a 25 -Ei]d car lo -i.2 lb for SO-lon tar. On lou^adieni litaw, 
{(tvl^angenl rT5iietaiidc coiiptllntea a tiuxi* Fhe fotat car msuinnef (mclydinx j^adr 

and cum and it dcieirablr to adopt a fairly pn-cL-ie iDt^thod ot tannagr 

Toling, Tht^orct-Ei^ly, Ifttal wjfl^ancf of care ehould Eh? iritli DBP of locf^niativT? 

at eJeeined ^^peed on ruJin^ gnuic. However, thlH ontaiU cDn.HifieraF>te labor and a. i^implcr 
odjwUtd fiigutriftjj tofifuigf raiiftg method w oftnn Whi'n Uie ruling i^rade U ?twp^ 

a tftn^c! toiitkftge raliag ituiy bu UBed, obtaiiiLiI F»y dividing DBF by Muf rc.njJaaa ptfr 
ton for an freight cmr (uHng 5 or ti ]h pur ton for 

Levrl-iangcnt n^utahcc ilirrcaw* in cold tt^i'atbcr and £nnnjij?r ehoold bd? reduced. 

Thy furL'xoing douni43€nn b Ijiuk^t on (warro in^aiherl 133Or atK)%'cL 

if ratinx^ an? idujn uwi bi'twisi'n 20’ anrl 35^Fp T ratin|^ fttim 0^ to mihI D ratings 
below O^F. On 4 i<cp-ifro 4 irnl line? f2 ptTccni, for cjfamplc), /#, f\ anri D mtinge ane 
ncepectively Bb. and 9A percent of A rating. But in lima (0,-1 pc-rcent, 

for t‘xajnp]i'i+ ibe correspuiidLng percf^nEagi^^ of A rating ore S3, 35, and 70," 

Acceleration and Retardation. Tonnage ratingje an? baBcd on uniform speeds on 
?peei3c gradt^- But in nmny problems to railmy operAtion it u dusind to know didance 
and/or Hmc n.'quifi.d to occolitalje for deerlofalt) from one api.vd to another. Formulfl 
DBP * TF — LR ■■ CR ± AF yjitpri^nasi.'? the basic ri’^latiotifi. AF is force (total Ib5 
available fororicBfffaiiopi at a fqHMnfie Kjffied on the grade; it is a rclordiw^ force if liuKative, 
Since DBF dcftfosei and CR increow with an iptrtnfu^r in .ipoed land vice versa for do' 
€iva&o in speed), theoretically AF applie? only munuTiLmily (ie,, before thi- speed 
ehangea). However, Lf pniatl increiwnlP uf spt'cd changys are uyed l5 niph or leM)+ 
arcompanving vaEue# of AF may he conKjdenMl constant thraiighnut the ruapectlve 
incTomentB. TEbi< fotlowmg formulas may be ie>i.'d l * 

S - 70.2(r/ - Ts-l/a and i - ~ TiJ/o 

when? S is tilAtajietv R; / « linii% sec: Ft arnJ Fi, spt^His, nspb; and accelerating force, 
lb pi>^r ion of lutaE train wyighi induding locomntive- 

I tn tbl# rncibcpd. iiHvaf/ ii-nji fat d^uind 4>!t>wl1 I* mJtbousti iwl u^et. 

It ujrii^y RTLTn Mlntmp tuty ^vm.Ltfi. A [tfwiw -nnrtbfKl WiklU ly kn rafiuie DHF wid\ nikkmqev tA 
ttup ww]ild ■delcrniuuLujti CiF itmIiIibq^ of urA 

^ TIiM mfedlCid pnividn HitkiflhCEOrib' Fcr (hr ddlfm^Dci'' beivHt) Htiit niMtuMW 4f thldll Hnd 

hmry Aq {pd/iu^oirnE or atr /attar CF [in t4n*J. W JuMhI to aefuat widj^E nf iprh uptr. ]t tS dftrfnu^H 

M fcHlowi: CF ^ <IF£ ~ irj|k/iA> — md to ni^srat lom. ir^ m i^Jinoit ^bbli f^kd hw 

kiAiiLod if mil uiv in Iratn vcvwvi brtvilv IciIMkI u nirmcundjirUt LiuealMr of e^i ; If g uadi +S> uv 

■Insilijir fisun* Feir i Innaiiif tmin PL#dr up d ^t'ty imn-. £Wjt h|ijiii DHH di'iwtl hy Idaf anil rtiiddiia 
|itt Uib. d AdjHjicfl EffnM#ir [JiTftl * + Nt X CF_— Iff X CF. To li^rEcfUklAdi 

buqiilwf ol ^mn O# iflfcicrfrqqjEiHj iffriidil* whietl fJWI tw» Mtjpd. U_j| -i- A i X CF il pkAdc tP ilfTH. 

Wji lo- tuiil irELitlit df ram bcihd M p iiita ■ IcfiiNur Ttmjjk V J ■ numlwr o£ mm, CF dcTviidi dimwt 

cnrinrly «M 4 ral# uE puiiAf icr^dKi inkii i> ilicKfore EJev unkr fur ^ Ic^dkiiUI^ dei mjiiDP liuiTirt. AlH & 
roHituntJjijf B it>odai? dsw d WjcratitiJT M cndM BiiitTWl, Cnit MiHOnrw^ ol U^I 

fehd boBTy IFof EttcmiiiiiiLjC Wl Mid WjfJ ntqy br catnpiLECd by Dom 'EmcIn-CSr lurnujili. or udmt 
fTi*m a ubk- in L'ni'ir iTnjf- 4fxpr. Si<i. jffuif, l-S. 

■'ARE.^ MBfiL4flk.’' lOM riL, n. IC-I^Ar a wWr •h&vrinfl Ct *ivi C. Kid p par^ivltma. u| a 

rak-infl Cor rofiiir oiftbuil iiat fr^iu O-l tu 3.0 iCF Tafia trVRI lOfU on 

Orl t*«TTiiiit crnirlr U> '2 tJ>n* triii 3 U tijrf«qt crsilck Ih tUte inrtli-pu, Cr Lsfit ewwtwt for kJI l-EantiieraLurvt 

MitIniEi ind re44ict4An tmd# iq ATR_ Aa nfc*rnaif meiLud u tuf«l rttlwi^ k. wbicji ATR in Jk*fA 

cQniianl (E^r nrli cUtt 1^ Co- dl imd C> u Jnrrwrd EinkflTtMivri>- for S, C, 

t.rkd O ntiw. ^ » I L 1 

* Tti«H EomiLaliH nlEuw & rr«rMint Em- imlaEivif t^f^rv of "xlai stiu vheeku 
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ExatapU: iluil truiii wilh of l,GCIO tons has a<se«]f'ntiJLg fplT<» .\F 

of 20,000 lb at ^ mph on and IS^OOO tb af 35 inph. Find di-^Uincq and Uoa- 

to iai^ais^ ftj3(?ed fmm 30 to 35 mph on K^ftd^^ Average' AF » J!},000 lb or d « 10 
lb per ton. .S - 70,2(1.225 - iiOOMO = 1,200 ft; J = US T^STs - 30i 10 = 25 sec.* 

If train bad nJ^pe'tid uf 30 inph on a O.-J iiencent nsfeia/j'itgf grade, a krngor distanee «'oukl 
be requiitil to inerease spei^i to 35 mpb- In thl^ case, a woulti Iw mlYijnd by 8 lb per loo 
tO.4 X 20). S - 70,2(1,225 - n00)/(10 - 8J - 2,07-1 ft 3 * - - 30) (10 ^ 8) 

= 44 sec. If grftde wnn- 0.4 percent dcer^ding^ (afttunung ot>f<rnt'n>rk al full poiAvr v^itlwiut 
any bmlie appliculiotj), distance reciuinNj would be ]i^ iban on k'vel grade. In thi'^ ea^' 
d w'ouid be ififramd by 8 lb imt Ion. > v 70.2(1,225 — OOO) [11+ + 8; - S45 ft; 
i =» 05.tlt35 ^ 30)/(lO + 8j = 18 see. If lltdn li drifting un a deSccinElin^ Kriuje iriikmti 
or troA'enpp/i>cdk>t4^ the value of n would be eciiml to 20 times (be track gnuliitit 
(pcrcont) min 144 averag*:' train Fvsi'itaihpe (3b ];mt toiO^ If bmkt's w'ere being applk+'d it 
w^otild be necessary to bnnw" die charaeteristics of t]jv cijrvL*: for tbe tridn- 


Velnclty Pto^le, .An alternate nH-ibuid of ddding^S \e by ibi' ui^e of a twitKiitj ipirtual} 
projife. V"fifocif> VU at a spciKl id the bcisht tbmugh whieh a train may be 
raised verticaliy becaufM,' nf Sis binutie endrgj'. A'H iFi i ^ 0,0351In w'hieh 5 percent 
b- al 3 oaf 4 .^ for rolati^^': (jru*r]^^ of axles and tthoids. headA, comes^nding to 

known speeds at various locations along the track, iruiy be plot tel nbo^'c the trnrk 
praJJ/c. The elovfttion^ of tht»«> points a.u^ erJocily and the line connecting them 

is the rtfeafy pntfiU. Ttiw proEle is theoreticalEy a curvpii line, pinoi-! V a changing 
momctitarlly. Bowever, if spet^l inercnicnta du nut osetHKi 5 mpb, a pro_fik may 

usually Ijc ennsidercd nn eiraigbt betw’ccn adjaceni (dott^id points. Speeds at inter- 
nic^ilate point^^ may be found by ecaliug rc/oriYy fcuriinate^ k-tween ^rocJt and 

v^v'iiy projf^w) at xUrninal lucalion^^ eorrwijjondiiiK v^lacHiE.^ am' found from VH = 
0,0351 or from a table of speeds uikd com'spondiriR tvfociJ^ hriidjt. It is often desired 
to God I he point at which some de^nitc speed is iX'achtdi in this rase a template of 
pHncily htiuiA is movi?d along the pro5k' until the dr^ijped. ordinate is found.^ 

Although the arforil,^ pr&fiU mA'thoil tssually upptkEd grapbiraily, it is pn^^iifilr lo 
illi^tnite its pnrif i plc.^ fttialytically for compttrist>ci with t bL" formuia mi»T h^nl previouju Ly 
shown.-* Taluks may be prepaiEt'^l whii^h simplify calculationjc for aerrUrtUin^ 
rdocittj grjjdMp, and tvforit^ h<»dx, etc.* 

Spacd-distance-tiBie DUgranis. StLidii.w in mil way o]M!nitioQ may iiirludi^ such 
matters M (1) eff-ect of gra^Jc and/sar lim^ nsvisioms on train operation, (2) compari.^ii of 
lightWi!]ght anrl HtaJldurd pHKscEigtjr t fiiiu.% 1*3) eijmj5ari.^u at diffeTClU types or capikcilieB 
of motive ptswirlr, oJld H) p:>wih3e chimgefl in totUluge ralingf;. Thi'se and i^Ltnilar prob- 
Ictna tifiUfllly involve an anali'sbi of speeds and BCCcleralirig distances and elapiH-d limine. 
The plotting of trfocafy pre/fia over a district often pn>vidi>a the best method of deU'i-- 
mining tk«e factors. However, it may be desirable to prepure srpcHf-di^Jlaqrf or itputd- 
tjiHC dfpigrojTij for particiilai- trains opt^rating on different gnidus. A tjTucal stpccd- 
dijfifinr^ dtofffcrprt ta= plotted with spi?€^ls (mph j an ordinates and distanccai in 100-ft atatioiu 


idtiWtit U V^wrtip KraclK o! -H3.93| IW + '.S3?. DiRweiw *rf EWpr^v ■lecktr (ar 

Lb piM^ b HAi El (-l^.[Kk — P+sUre# nncdnl |c inEiMu# upecd Itviik "N] aTi hv|4i 

„ ...if - l;f ■LpiUmi* U-iSXJfLi. Tiflw rW|LkJ||^ (iMkhK AVErape ftpeoil (if 

1 'iWytSLlA X 1 -IWJ “ 2s iw 11.407 h* Et pier b«: fur 1 mriLE. Timr. Vmhm ishecjE A imct ( ^bLEiunf In 
DTiaui f4fm!|iklll«- tf Efllin N IHI a -1-0.44 [^PX>nt iliSrpEqrr be|«^44km MUl tr4r4 cmaAi u 


I Muf% (TfErbfl tmIllcb nailld biE- pibtained If d acd I JtUmniMtkkbi dt distBii-mi im.i! tUuM fut 1 in pjb 
Snrfiflseat*, but esIrnUtkiri* »uJj]d tw moTw IjbaricKi*. 

¥ bwE ".^RSI.^ .V1 b4il14iJ." li9i5C eU., ep. LlHJ^II tw rpr nuiLhryd iif filcatUlil; abcl OkOtt A 

1 A^uroe i.OOfr-Sxiiii ti»lii_ M n^iliplrk uh - 1® Jb 

pn- liM4 !■ Pqiiititfiftt T ‘ ^ - - ■ . 

35 ullI ftO mpb i|kflrd» _ 
jw Lrtj«kl 0 l].il./DAS 
‘ - X ~ 

6!^iII?r«iTr!t5S -‘o.^^^ ^ - 1143 ij;s5'-< m74 fEh. _ 

Ml IMiwr M i|Md wLibnilL brtik* atiiiwmttQni. difarmirc tMrtirrEn rvfonfDT uid 

(aoa -i- o.-fOi- s - li.it lAs " B.4fl nj, 

* A I■-'ku a| iJiip. rhiuxcCEf v ui "AREA mIij. b. 3C---2, TyiPital t'cjEunuii wouJdi 

be** foUo'*'»i U3 TF. 13 j £.M- (1J ilWI". I.t' t^lt. (All Al* 4CuuJ Ibl, {5) a (Iti |wr tan dT latal Lfiuii WRtfhtJ 
(7) <nr#<4^ a Bpntijcatkr thn^llk jiLeEumniE^ ■hkic' Wtto^iiv fjr44r 

Eui 4 aI t£» a dlviijcd tw {OJ YH lotr wb iEiefed, [ 143 diifttfttaH iHnwetti uliiir«ai V IJ"a- .Ackb- 

iJobfeJ htIh "*"” *”*r inriudtd for frimPHiinf ralua of S t E»r Irvd et^iIe mud nmmnUd vmlo^w S 
ud i rmr3 F « D uf> to f^n apttd. ^ciUr coJunLai b# LMkivI for «ruBr#mrfa Hid vslua of 

^ uid i for etlKf LT d»lTKi, 


If i(f*dr im - »40 (RtTid 

■Jid firac* rmodfj it 1,^5 tPCrf*/il 


BianWAV ENGINE SRI \'G 
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(C3r niilud) UA atwiuR^dr SepAnitt- li^tiirvc# iunc rvc)t|in'>iL for typn^ of trttiii dq oncb 
Figun.' 31 shiiVT}^ a dt*Mfffni» for GOD-bp mit fRlX?) on 

gnifJea. Solid lilBJci^ AH.^ ror a pdiiglEMinit RDC unit, dmfhfnJ lEnc! ii^ for thn.H'-nm.r iniiEtipli^ 
unit train. A diQ^rfm winiSei br of tb’' pimn'* ohnmmrr^ ihnvA fin sK^rE^nfij' or 

[mnut««j wnuM iw u-t'd for Tidmttttionjj iti.^ pnt^vitnuily d«'sirriljf?d) would 

provide dntii for piottliijg the eurvv'^. Ditigranifl of thi^ bind are particularly undul in 
jft inlying p(i#?it>N' ehanEE^* in nmJei^, nioHvi' fiow'er,, anij ran^ whi'n^ pn-rcBt^ np!iull±i arii! 
not ntsedi-fl. Tth- vrhttiir^proJiU iiielhod is iKualTy more ‘^aiisfaptniy if it im dtwired to 
ntiiily ik' hM€ stheduit for a partitLilar train over an engine diffiriet.* 


Hlt^HWAY ENGiNEESaNG 

Source o( Highway Infflrtnnticn.* Curft^iit pmolice and policies in highway cngini?e> 
ing and adminMraltau an? avniJahle in publications of The following agenrles: 

Highwaif RfAf^ch Hoards a dividon of the Xsitionai Rt'Si.nrch Council, puhlkk^ 
niuiiial proK'Oilinicw, buHeEins^ and J^perial leports, whieb include pnpers on I'^onoiuies, 
fiiinnce, ndminHrnlion, dt^sigu, iruHeriak, ennstruEtion, nniintonacLce, traffic, aivij soil 
mecbEkiiics. He^careb on airport-runway ajiil Eoniftruelion is aJ^ reported. 

V-S. Ifurftjy of Pufiftc ffoerd^ iBPR' of Hffiartment of C-OKknM'fi?c^ publishi-r a mag- 
Rzii^ Puidif* HotitUf conLBintng n^ults of TVKTircb of ilm BPR in tbi^ fit4ds of planning, 
eb^iqgii, and const ruction of liiKhwa>'s. Statistical labli^i mv neHin'tl nnnually giving road 
milt!«g4e?p moTur-whickf tax w&apts, und highway cx-rK-nditm-t^- 

Amfn'ewn .I^aonirifton of Stair. Offri^ia (AASJK)), eijilifajsi*d of tiflSeinbf of 

atate highway dvpaJ'LmeiUfi tmd tb' BPR, has issiUfcN^I ^penfieationa fcirbigfaway umtertals 
and testing * and for highw-ay hririges stud pavement typi.w’-^ Tt bis aJs<i publishtni 
policies on dtvign ami mainlciiAnce of highways.* Currt^nt topiw am published in 
it# quarterly mag?i3Eine .4ftieFiWin Hi^ktnsifM. Proceedings of convciitiun meotiiiga am 
published unnualty. 

Publication# art' availidile from Ami^nean Association of HiighwaY Officials, 

NatiOEud Press Budding, Washington 4, D C. 

Ammcan Road Busldett* .4#3*00^1/10^, an a-sociaTion of engint^'m, t'quipment ntanq- 
faElurv^, and eontractota luigngcd in highway work, publishes hiillelins m A wide range 
of bjgbway and airport siibiecls. 

f/jiiwriiij/ Highway rci^areb eonducted at engineeriiig eollegp* In iml^- 

lisbed in btiilelins or rcH^'arch reports, nnivefsitita' jmhlish anuuAl prucM^ding^ 

of road ficbooU or highway conJerenw. 

T'cehio'fuJ rpatnring higbw'ay f^jbjiK^ta are PuWic Road^, J?<wrfjs and Sireeijt, 

RiMidM and ninAtrurlim, ifrdrr Hoada, EnCinefHn^ jVcrrji^Jicrard, Ttril 

^njfiR^rriN^^^ Aiwcrirnn f*uWir ll'imta, and rrnjffir Enffitterrin^. 

Tmdt buUeiirm bjhI imknnat# tin c^mMtruerion incthrutls and stMfifiralitw am pubEisb'd 
by thr Portland Ccmi^nt A*^iatinn, Asphalt Inatituto, Barnett DiviFion of Allnd 
Ckmical and Dye Corp. (IjlthX Cairtum Chloride Ajs^iciation^ Arirtro Culvert Manu- 
faolurer# As^ocijitinn, and ottiers. 


^ TLe PeflllivIvMJiip hu de^'fli^licd nictliMLi uE deliTHWlUna tmin i^nfonnMb# hy IIM fif Ml "^Aliitlntf” 
t^pniip 4 U»r Hjsd U a later IninnaVniirtlt by.rawn* cyi # “dipcitai Tlu*an nirl bod* pcovadr iimdisd 

IflJunumtiON wlfilDUt ljpiJiriEtellJM4|l« EVlL-uUlioll*. 

* ^ *1*0 BJbktmrh> at wrUon. ^ ^ ^ n- i i- .r b . 

* SitlMi4*ril tar ItidiM'iiy !\lAlflriialji aiid Mtilhodi (it Siijqfuiojc *iiil TBUlii; r*rt h 

Ifiicla^my Bridit™., Fur .%tov*ldf bridicn, for Cotartrte OatmUnE^ 

tiOfa. «v4 (or BitUlhJniMii Sorf-W Trt*lia*oivL Al*o iLuayd (rf CoMlruclioci Fra/rlir^ *f 4 d 

UotiuMk. *l>4 S|>wiGr"lir3fti< Cw Ctiieral i ii. l - i ij _i « n_a. 

* nmbwmy foito^lil DaOith fff niJr»l IJicbw^ii ki UTfaiw 

Am*‘ .MKi/iuaLucT uf Roi4w»y !ikiH*frPPl .VUijil«ifliire of ApemiMltWr JU*cW4*i, Mvd 

Sidrukikji: *ii4 MiMratenArji* (i-f Wdy Mwi Traffir Cmitrqi tiad iMateo TiaAk: E^mna. 
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HIGHWAY STATISTICSt ADMINISTRATION, AND FINANCE 

Cias 5?9 cf Hlgtiway^ Tbrrr^ Jure Bbout^ 3,418,000 EtLtItt# of r£.iBdj> aiirJ #tnH4F In thn.' 

.^t&te^eintrcillEid biRbn-ByB (LO^I i^coprtM' (119.000 roi]!.'#, inrtiidmg 
3^7,(000 of prictiarv' sifttf* hiRhwiiv^^ 222,000 milosi of count y ronthn niiiiS sccondarv 
state highway's. Il}„000 mtfee of nther mral rDB*!-^ fincEmiitiR toll anil roailH id fort?t 
and park rL'S^rvatiouf i, and 42jXlO milf^ of iirhan ciien-iouf cjC ^talir highwayi^.. Ot 
ihn- lOlElJ HtBt*‘-etinlrolkiJ hlghwHyp* 7.4 pt-rrent an! ncinaurfarfd, 20.0 pciriUit tiavr luW' 
type Btirfacrt, 33,S percent havK* intenne[3iate-typ€% and S8.S pcrwi'iit Imve hi}^Jl-ty(K^ 
Inclodisi within the j^talc primary and it.-s tirtiBii oxTcjtutEtHia \e the tiaiknuJ m 

af inter^tafo htighwayF,i rrimprtf^ of 41,000 miW of (he main inJlie arlciir's of eIw nalioti. 

IjOcbJ itMuJa includi^ 2.333^f500 milw i19i53> nf which I J3fi,000 niOti^ are untliT coiuily 
ccnlreb 562.000 OlltcF are town artd t<»wnj=:h[p roacis, ami 38,000 mik^i ani othtT hwna] 
roadi. Thert' are also 93^000 mik^ cif naad-*' under Ft^iend cimiml in naEionaS park? 
and n^riciwations. Of aU loca] mad^: 42 3 prrEami are nmi^iiHarerl, 45.3 percent have 
granular or soil Fiufaecfl, pi^reenl arc of E[fvi'-hilLimiticii|.H: lypt^ and 2.5 pH'rcent an^ 
of hifi^ type. 

City j'trceti: compTW Rbotiv 331,000 piili^ n^rlitL-dve iiif uH»bji e.%E4!mcHinn of .‘^tate 
highw^aya, of whirh ahout ^7 perct^nt are KurfaoKi. City Miwifi may be divided func¬ 
tionally into reaiijentifth l>um:m'!H;H, arvd arteHal, ihi^ latter iticliidiiiK thmugh cily JrtriH'ta^ 
particularly th^s^se of i'Kprt.rS!iway or fn’iiway design. 

In 195€i (here were t mik*^ of toll rond in ofMmitinn, 1,2541 niilL«H under conFilruction, 
5,525 miles auihorixed hul not rrtaiicd, and 4,900 milra utider study. 

Adminisrtriiiioxi. hi^hiniyx an^ udmliiistehni by a htale highway ri»mmiHaioii, 

stale highway tleparlmunl, public worki^ department er^ irk Btates, by a ningle 

direeior or !«(‘rn!tarii' oF highw'ays.* Thr^ iUigintering orgsiiiiattcm U hi>ai4lLHl by ^ rhiof 
enjcineer under whom air such majiii'r di%'bflonj* as acctaint itig^ mirveyv and plans, de^sign, 
nghl of way, cfldmatlng, Km^tmetion, brldgi.': di-^lgn, nmlnteniince^ traffic, tuatt^Hals. 
aiuJ treftiog. Each £tate is djvidt'd into highway di^ricte for handling the work lcN?ally. 
On Fcdefai aid w^ork. the {]J^. Bureau of Puhlic RoatUi twlnuninlere the distribution of 
Federal fuftdi^ and approve,^ pinna and spedfieationH submUtiHj by the statea. The 
BFR aliu) eonduRts n'scarch and supt^rvifles the pon.‘;tniction of certain roadfi in public 
lands and nalicnal parka. 

fjt€ 4 tt rooih are under nnmty and town highway de|mrtiiUinta. In sumt^ FEat 4 ': 8 ^ the 
ctHinlics have strong highway utxaiiutations; tn uthrra the work is handleiJ mtkatly by 
the tnwiiFr In a Few .4tates, a considerable mileage oF local n>miis is under iitale control. 
In other Jd^alee, i^nanrlol aid ts bv^ailahkr for the consiructinrL of Important IticaJ luod-^ 
nutaide thi' stale hiRliway pystem. Such work is usually supt^rvised by the slato hlgh- 
wny departmeiil. 

Vii^ vlrref# are admlnistemi by .^owL nr putdEc wnrkji ik'parl inentp, t-JCtept for th^Kw 
urtkau extonsions oF the stale highw'ay H>^ti‘ni which niv under (he slate highway di> 
jwiLrtiifci'fit. Where state or Federal aid is fiwived for coluit ruction tif arterial ptnels, 
the Work LS rarri^'^l ckut hy thi^ nXs,lv highway detpartnwnt. In some melropolitau Areaa, 
special authoride-s an'; st-t np to adtitinister iwrkway Fystonn^. e^xpreiAf (umb, bridge's, 
or tiinnelFr 

Trtff rwids are ueualJy administered by a toll or tuniplke anthority aiithoriEiHl by slate 
legbilaturE' to 'Eiiaiice, tsiiild, and mfliriiain a particular higlLwuy or sj-stem of highw^ayn. 
In ikOrm^ insluncc# toll rcHftd'* ao^ mAintainfeii and upk-mted by tlw stale highway depart 
niicnt« 

FllLUlM. Thi" fHiiirrta* of highway aihl St rveE fuiuiif in 1055 ^ were as billows: Federal 

^ H Lflkit^V AdtflilUplni±iTT llAdJm. lOM, md («t4|ir 1luHw«,y < >niAnLunwi OiUrti. Spteiiii Rrpt^t 

IfO. IW. rxihEJahcd by Hl£li«Miy RtwiPrk Br«el 

■ Jliicbvty Fiauv^ IMIS-M med bj- LE_S. IhirMu cf Publpc Hcind*. tJsfO. af C>Mlkl^»efn? 
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I'uv^^mwnt $784,000,000, hijthway iL^r Lmp4Mtj^ iii^HHoliiiL' taxi^n^ eirJ 

Sa.587,000,000. tolLi |:2M,OOO^OOIK pro|i«!rty taxihrt $l,2a]pODO,O0O, 

$158,000,000, iiikil pnjffwiljt fmm bnnd weiirf $1,587,000,000. Of iht-^ $7,887,000,000 
rsrp^^nd^d on hiKhwav^ funl in 1&55, $5, l07,0fMl,OCM> rt'M i^pont on FlAto high^ii'fty^i, 

Sl,45!,000,EXlO on poijnty niid local rood*. $1,218,000,000 on udjan dtroLds, and 
$78,000,000 hy Fi^ticrid Efun'mEucnt on not nliL^-ailii'd by Kyfrcm. Cap] int 

outtav' Muountcd to $4,818,000,000 liiid mnintcnanoo and opcratiun to $2,587,000,000. 

ifflURir qri(f frr^ Is^vicd t>y ibi* flsiti‘5 tbi" wiuftM! chf hij^liway 

tf^veimu. Ill 1055 mnt<ir-fii('l yii?3dt*d $2,5O3,0O0,0OE) and lin^nsi' fw.»f5 $1,401,000,000. 

In ailditEtiii, nsotor-iivhick? paid yvcr $2,500,OOD^OOO in not api^eificaJJy 

for hiK:h\^’nv" prupij?^?^, siicb iu« autoniobilt^ property taies, imd Ft’denJ 
cqrcwe tnye#! on i-ali? of vchick'N wid nret^HsorU-i*, istwlinc, oaf, ami iin»- 

FedCTn/ ni'd Jiajs bi-t^ nvailablr for prijTmr>' tit ate biltbway TOnatnirijon in niml 

1015, For 5 i^CT 5 nHlaj^^ RMids 4nix t033, and for urban extcnfnoa'i of Ht&ie bigbwavH 
fsinre 1044. In 1052 n wpamlc ttuthorijcation ww nmdu for thr interplAti- rntr-m- The 
Fedend rand^ am mntrhL^d by tlT4' iitmally tm a 50-50 l»n?!Pr Tlie allolmenL^ 

for earb Hrp? of bifibway arc apportioned amoap s^Lalt'it by fomiuLM which take inlo 
Htcuiint llie rvlativc an^a, ixiptilntiDH, anti mad juilt'a^' of eaeli ftate. Tht* FiNfenili 
Aid Act of 1950 prt^dy e’^piifnl-iHl FtHlcnil part ifipat ion in lit^woy eonfliniriipn- The 
i^iiin of t24,SrtO,nflO^OOO waa aUthorixefl for the romph tion i)f I ho natinnal ay^itoin oF 
intereBAtt: land defertf^* highwajn within 13 ymff, mppcsetiiinijj 90 percent of the riwri; 
the remaining 10 perwnt io lie matched by I he ptalea, iimkiiig a Botal praj^nmi of 
S27,6fl0j000,000. Annual ftiilJioria 4 itjotw for other FedeiaJ aiil at^tems were abao in- 
e^C‘Ji^^^'d. For eKamp]i'„ for the fUcai yvar ending June 5fl, 1039, llu* authuriwtjnn.^ tkjci 
prtiiiart^ $893,750^009 MS peroivnl h Secondary sypfem $262,500^000 (30 perceni), 

and urban tfyntt?m $218,750,000 i25 jienM-ntb Tht'sc fund-^ arc to be matches! hy (bt^ 
sinu^ on a 50-50 bask. In miditinn $I03,OCM).OOD in providid for roadft in tbt- public 
doiiuiiii ((nirkri, n-servat ionF, ete.L For the first 3 yi-arri uf the piograiu ihM art prnviilea 
that Futuin for I he interstate s^yaU’-ni W' apjicfljonEal to ib^' suatcp on the bftpipi of twi:^ 
thitiJt^ Weight to the Stale's j^ipuktitm, diU!H+ij(th to ll5 area^ anti one-sixth to its rural 
road miU'age. tn sulismtiteiit yean? the apportionnK?!!! k to h*'. on the bask of mmaininK 
iritetiflikte KVsteni Jieisk as fleteiTOtnerl from ioiitl j*urveyP‘ by t.hi'' Htiti'AU nf Ptiblir KcwIa 
and ihi' .i<laU‘ highway depart ment.i. Tim formutiia for apfiortiuiilng regular Federal 
aid retnaiii as in piistT for primary sywlehi, one-third in nitlo of area, onotbird in 
ratio of pupulaLion, and one-thirtl in. laBio of mitoage of rund fnail^Ielivcry routes; 
for F 4 «condarh' iruuls, ono-thiril in ratio of area, one-lhird in ratio of rural population 
^ptneea under S.OCMl pfhptilatiDnh and omt-third in ratio of milcagi" of rural mml-deliwi.^iy 
routes; for arbau projcctiF^ in ratio of population in niunirijjKiJiEicfl of S,tlt)0 po|Hilation 
or i]ioifc<. Foderikl iiJJ funds are to bi> tiaed for const meti on and right of w'ay but ncil 
for maJiiteiLiLui'c. An. amount not to exccid 3.75 pem^nl of fisi" 4 funts niitbimxiMl k di*- 
iluctfd fur e:EtMUiai: of ftilmiTiintratinn and for earryong on rcaeareh. Ihi: stnu?^ may 
match up to 1.5 fHTcent ftir highway-plimning ntudiihs^ and rewfarch. To linance I he 
highw'AV program propoft'i! in Uw' 1959 ael, the Fmlenil gowmment tevii^^l an i[iemij«e 
of ] ftfni in tb^■ 7\^ieral jpv^oUne tat, incit-a.'M .^ in taxea on tinw, and a nirw uj#r iax of 
SI.59 per 1,CXX> lb nf groft;? weighl on hwtvy %'i‘hieles weigbingoei-r 20,000 lb. Tile pno- 
eeetk from thLW spetiitd tasL'.-* aut to paid into a highway trurft fund. 

fiiufs are cMmnioniy uped fo finatiw highway mid i>ridgt' coui^Erurtleii. .AElhougli, 
state highway fnnft ruction is htuiiMMtl larKely from molor-vidiieh'' n^'venues^ wini? st alt's*, 
have horrowt^il ^^xtr-n-dvidy lo awi-k-mte Eheir hljthw'ay program. Others borrow only 
fur sperial prideeErs, Mieh aM- Imu^^spOEk bridgi*^. luiiEielsH or hb^h-cisst expre^wajTi, Cilles 
and other local KbeetiimenlH, which do noE luiw dini'et to motor-vehicle nwetiia^ 

often borrow for all major 4tret‘t imprtivi-mentr. Toll nuiipikt^ are Htuiiml exclusively 
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rrcnn l>oiQil th£f intvnf^t. uiiJ p‘riDirlpali p^yini^^t^c biiinp; peud Fram iwt'Tkin?. 

Hifchn^Ay boiul!! hue? uHiiAlly Ckf the flenoJ when'by the pdnHpai is paid off in iti^uJiLr 
The ivtm of ihp bood \amm ahonUI \iv¥, them ih4' lif& of The improv>L^ 
[DEint; 15 to 25 yeirs \a n^ummon for highways and up lo 3<) years for big bridged and tum- 
pikcfiL Hiate hiriiway bunchy are rwwiy ft!wa>'¥ wrvimJ from mot or-vehicle tevonue. 
hlunicipeU hotidfl are generally ftrrnced froTn locaJ general taxes. 

TnCfn an? mimiitEinert leviud by plate or IwEfll governmirntP to ffiumck* ihi' cotuLmcliuti 
of rofrtly hrjrlgi'aOr lunnL'l^. binw Ehe PenoRyK-ftnla Turnpiko H'as fijnsl opened in 1040, 
tolls have Ihmsh mcrt'anngly ijew^d to hnanoc -^upi.ThighT/vays in locatioEis whefu eating 
facilities we po inadequate tbat the puhlie will pay tnllfi for the superior BL-rvjce Dffk>nEd 
by thn toll facility- AloaFt tDlbrooii authorisatione^ proviik^ that the rtiajl tn-cuiue tuU- 
frte wfw n thr- fcjocniif art? patid off- There has been a Tendency for tolbrood authobto^a 
lo UH' surplupea to expand ttu' toll mileage rather Than lo accelerate ihu rale of pa\Hng 
off debt. Thi' BFR advooaies a tal34ree sii'steni of interstate highways developed priH 
gri'ssively to high ptatHlard-p of dt^ign from cum^nt o-venur injurce#.* The Fi'tJerftl 
Highway Ael of Efifita pmvidEEP fondp for rarrjing out fitifh a policy. 

f/cnfroJ lojcs mv a ptindtuaJ aource of n/vf?niiJ? for financing city Btreeta and an im¬ 
port ant PQiim* for local tuada. I n reettnt yearp aJloeatirins of motor-vehicle rt?vc!nm^ for 
locfll roada haw PUpplutoLtiliKl gutuEraJ taxi-«i. Tin- ailocttElonH bi EiiTiti^ have? la'cn tt‘l~ 
atively fttujlII. iluWt-v'er, the atate* have aiiL-Hjmivl imioh of ih^j cities^ ntajor highway 
problem by fiiumcing exprv^waya in iitbaji ettEEaa- 

are liaUaJty kvifal agalnat nbilttiiLg property for The initial LniprovEoiu?iJt 
of reaidimtial atrvelj^ in citii?^ and towna. ^ilainteiiaiice and recon-sT met ion eoata are 
usuaHv horne by the eomttiiiidCy. .‘\s8£^mentp are conimejily haaeii on the linear fronts 
uge nf thi^ ow^uerv. tmes a loning s^’afem ia \im*cl which takea into consideration 

area anti depth of lott^ as well as froutagee. 

Traffic and Planning Surveys.^ Traffic liala arv nece^^sary for the eflif?ient planning 
of a highway system, for location and dea^ign of specine proji^cts, and For traffic ecnlrul. 
The fttntes and larger municipalities have Traffic divisions which conduct tndhe «un'c>'» 
for mjeh purpoeos. Traffic mutiiJt are taken hy a sampling process. Sufficient count? 
are mafle at key Looitlons lo dctermirK* hourly^ daily, and seiumoal trL'tHia in traffic 
flew'. Short count# (ft, 8, 12, and 24 hr] are taken at other locations of similar traffic 
charactorwticfl and are espandt'd to longj^r i»eriods UPing factors devclopi’d at key lo- 
caiions. Counts may he taken manually and mTorded on forms preparcfl for tlial pur- 
poee, or by im^ans of aniomalic counteni opi»nite<| from tubi^ or other deviois slretehcd 
aenMs I he? roadway- CnuEitfl art! labiihiti^ by houra or ludf bntim When t urning tno vih 
menta are needed, such as for Iraffit^onlrul stqdkw, or when vehicle clflAifficAtlons are 
dcsirc'd (hy pasR-ngcr car, bim, and trurk? uf diffiirent weights i, the ervuiitis are taken 
maniialty'. Tf#* cumruen tmit of traffic dcsignadon ia ttin average dally Iraffir In a 
Hpircified yew (ADT). For design and highway capitcity analyTiies hourly voluinL*? am 
jxf^uirtNJ. Tlu* lisjurly volume for de-sijgn tDHV }f ia ujtLiully tnlom a? the ihirticth higlii>?t 
hourly velumi' (30 in a fulun? year. The 30 HV h* diUemiinf'^i from an analysis 
long-lime rcunta, or by applying an appropriale pero^niagi* to the ADT. TLw! 
percentagi‘ variirs from 10 lo 20 depending upon cnndJticnit. It is kiw'er in urban areas 
anil highiT in rural an''as, partirulwly for roads basing seasoiud peak? nf recreal btuil 
traffic. Ttu' projrclion to a Futnre yciarja mwJe nn Thi’ l>asis uf trends in motor^^x'hlclo 
rei^lmtielis, ptjpulfltion, land il*?, and olher perlinenl factors. Traffic^flittr 
ao’ usualiv drawn. These show Lmltlc ftnw by varying widtha nf hajidp superimpoaetJ 

1- PmcTiBB uid FnuLlilliiy ■oF nnul Tlhrir R-ci^diK] li> thr K^^clefal-Aid Fmcnjii, llgiw 

nrtnt I3&. 

^ "MaiiuaL lilt Tmffir hluEinrcpina Kudin' piitnluTiiHl hy Uk .ifididnut Pi^vrniliHI n«EpHtlti»CTit uT th« 
ol CnuaJay usl C^ii>inkM. CO J^ha gL. Nr%r Viwk. W,T. "TraiBc EnpnNjrini UmnA- 

btMk'" ISlbUlhcd by lojdiu&r uf TtaSli! E^pttnrm. T. St., W, S. i^UrTM. *nd F. W. UlTMlt. 

“Tniftc EfiflaMriiit.’' lloqa int.. 
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nn ft mftp tif thj" highwaj-^s tu wMcb they apply- Flow loKps at inttmi'Ctioiifl all 

thFcuph ftod tqiiiiiig movenwrtls* to & Beak' oF traffir volliML^ 

Ort>iFi q/ifl L™^Eitkl for pkaniag a highway p^grujii in n 

jiiarticukr Area- "^Thri principaJ inpihiKk u^ni tut FOflikidE" irvlatvkwri, maEr^king ItwfWJe 
niudlit.^FV al tkffwr^nt Ide&Eioiui, di^Eribalioa uf poeit-card questsonniumf to be n.tuniecl 
positpaid. and bcijiK* intiif^dt'ws in which a Raaipte of n.*stiJent« k Tiftftcd and a reoord 
otHainiMi of the travE^l of tht> occupanlJ^ on a particular day. The data are fodiiml to 
an ftvi^nigt liay and tahuktod by variouf? cotnbihMtitsn^ of origin and diwtinatjoa. 
The daily trijM befwn ionos of origin and dMinaljaa are conmiorily ^howti ta 
Fbi«a, ThL‘^> are tkanck plotlL-d to a traffie volume Twate and drawn irtraiifhi ILtiiiH 
between paitii of origins and tkjtsiinationB. In thu*! way thi' ba^ie desiie-'i of treffir an* 
reveated nionr aerurately than by E^ul|l 1 tB taken on e^hiilias “in.'elst or highway^. Whi.*n* 
exuding Fariliiu^ are infideqiiato iHe’ tmffir often othur le»w direct mnU's. 

nStite-wide tiludie* lieen nuule in a niimljor of Btatee- Thes**? in^ 

elude a coiiHiEJenition of all eln-sst'K of highwayji and Future iranaportfttion 

need# of the state an* analyzed with leapcet loexpcdeiJ economic arnJ population growth- 
An inventor^' Is ma^k of existing highivay faetlitk:^ and an innate prepared of I he 
eoHl of bringing the highway and ntmit svvtenw up to iicwptabk! BtariiiardB. A 10^, 
15-^ or 2(kvcftr pETigmm of unprovemcnis is up and recomnaiHlatiCha- made for 
k^klive action tn impleEuent the plan. In eslablyhing pnoritir? id imprijVLiui-fit 
for Hpceific routes, jTEiJfncPEr^^ ratin^n are rammouiy uned by m^'ans of w^Meh projects 
are rated OH The IuuiIh of pbyEpical contliEioEi, EEi^ign defirienck>e, tmffic adeciuacy, 
ftccidimt experienoi^ cICr 

A number of fiiuniri|i(diliew have maiic imnsportatbn survey b fur studying laieaiis 
for relieving highway traffir E! 4 mgL'«<tton anil impravLug transportaiion UcilitiL^. t^ueh 
fttudiefl (Eiclude a confndi'ration of populftTiiin tn-nds, land upt?*, adequacy of puhlie 
IranfijHirtation, terminal fueilitii^iP for railroads, trucbi, and a survey of mns-t 

traffic inchiding origin and de-lination, and an inVPntLgatioi!i of the parlcinE Hitufttion. 
Detailed rfudii-^ arc aliwi mmiv of traffic flow ami aceiclent oecurnmoe at import ant 
inler¥iecrionH for the purpoH* of rotrotuMending iEnprovi'incnts in street de^gn or in 
t raffic-eont ml Eitelhodei. 

Silts and Weifikta of Motor VeMcIea. The masimijm dimonsiana muJ weights of 
motor whieleft are presnilwd by the individual slat**®. In an effort to obtain iitd- 
formilyp the .AAt^Ht) has recotnnKinded ihr foliowiEiK limits:* wiitth 96 in.; height 
12.5 ft^ length, single vehicle 35 ft, niugtt? ihrKMwle biw 40 ft, tractor ».«iiiitEwler 50 ft, 
other comiiinAtiotifl (not more than two unii^' ft; sitLgtt>iLxle weiglit lfi,000 lb, lUid 
on A pair of ash^a le.^ than 3 fi apart 32,009 lb; gr^Kw wetghl not over 1,0251 L 4^ 24) — 
in which L in distance, ft, botW(?eii ibe first jitid last axles of a visMele or com- 
bination of vi*hic:h*ft. The Ero«»-wc'Sght formula w iiiEendvEl to prutiMrl bridges ftmu 
excessive load-M. The axle-load liiiiJis art important in tk: der^ign of paveiEuiita. A 
number of eriates allow higlMT loading than rt*i^?mEiM?ndtd by tht* The max- 

imum flingle-aali* Itmtl allowed in any state (l95t)i is 20^400 lb, and iW rfiasiuiLUa taiEdeni- 
axle load 441,600 lb. For dcaiKo purpose^! ik‘ A.Ax^tlD has wl up four ilesigEi vikk-luf 
with tYpicftl ditni'nsions and tiirmug ehamelerr-tics, as folluwA" paas^-tEgL-T cans (P}, 
singk>Axle truck aemitrailvr eomhinatiorw—inlerriw'Kiinto iC4Si, and scuiiLraUer 

rombinatioEw—largi* <C50b 

Motor-vehicle Registracioiia and UsS^* In I95S a total tsf 62,791,000 motor velyrb^ 
won- regiBieml in the 1'ititi.d i^tates follows; 52,174,000 pzL?*iM:nger autotiiEddlHt, 
lQ,3li5,OCiO trucks, ami 255,000 buasn-s. In addition, 3,202,000 trailens of all tvqa^a 


■ Pkile-y CwnpwFnina MawiEijip DLminawtM. wlJ q! Mptin V^hicki kq - Ue iliiCj^Kd, 

i;»wf ILlidiWftr* et Ifidirf Statu*. pdfipArd Apr. I. IW. AAbllO. 

* Statwtici ol nuat^^rrhirle FmCrttwc. w«abti. mhd nLLlHac* »» 4 *pl 4«3 ■linumtly hy Ibv ftur**u 
flj Pubik R»di. 
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of which hliaiir 140,000 wtiv oomiucrcml irtHUir-^’ tur 
GtisoUne pori^umi^tion for hiKhwuy piif]kk4'w in 1955 tt‘ar< 4fl.4 hlllion i^al. Travd hy 
nioti»r vi'hiclctti of nil ivpc-si airiokmuvj to nbout i't03 liiJllun (kf which 33ti 

biKlion wa^ mml aJul 2tS7 hUfian wa^ urban travel. Thu avrrag](^ aimujil tniirayp' of pa.^- 
songer oafii wan 9,400. Mottjp iruckn ef tJJ lypL^ jivorsi^i^tl lO^OO atw! Ijiuifitw 17,t3CO 
milk?. Commercial tnick? anti bui^^ m intercity mrvifsv will travel fram 40,00(1 n> 
SO^OOO tailw pcif y^^ar. 

Hi^wty Traffic Capad^+ A fcnowiLfJg^- rkf highway miJacity in essential to plan 
and disaiitci fad I it U« Uiili>qu?ite for traffic neailn. A thorough on thin Fubjert 

will t>« found tn the ' Highway Capajclly MariLial/* ^ la that tinuiuiil highway cuparily 
in dehnctl in th™ w^pi. BiWir. captmfy in tin* ntEUcimum number of paaist-Dgcr cam 
that eaii ptasA a giv-nm point oa a lain- or mtulway during I hr uikder the mwt nearly 
ideal roadway mud traffic conditions whi^h can pusidbly be altaininf: 
id (he lELoxlmiim number of vn^hides that can pa-^a a ^vnti point oq a lane or roadway 
during 1 hr, under the prev-ailing rooilway and traffic conditions^ practiVd cnpanli^ ia 
llu^ nuucimum nutiibei' of whick-^ that can julhs a given point on a ro&ilway or in a desig¬ 
nated lane during 1 hr withoiji (ha traffic density Iwjng m great mi* to cause unreaSnnahj** 
delay^ hmard, or neitrictiun to the driver'^ fn.^'dom to mniii-uvtr under prevailing 
midway and traffic mndltionu^. 

Under ideal conJitimw the boHc rapacity uf a two-Iaiic niad er 2,0lKl pm^H^ugE-r c^u■^^ 
per hour (both Lancrc), fur athnx^latic road 4,000 (all |finc*-i, oini for luukilanii! highways 
2,000 tier IfiJic per hour in ihrectinn of ia:avy flow . For ideal conilitioai possible ca| 7 ac- 
iliff* are the saiue aa basic cnpftcitiefl. They reprtioent an upper linilt of capacity m^or 
thi' vorgiY of CEUigt-^ition amj breakdowm. For purjiriLHrf^j of draign the pra^;tLeaJ ca|Hiclly 
is UBcd. The difference Iw 1 lw^^en practical and pf7A>ihli^ Capacitifis provide# a faizlor uf 
safety for infn.'fLUt^nt and unusmiJ ikmAnds^. PmcEicol eapacitiiM di!ri%-ed in the ' Capac¬ 
ity Macuid'" for idwd cundilions are as follow's: ou Ewg^tane raadw, SKKI per hour lu rural 
nn^as and bSDO in urban an^as (both Eane*); on thw-latic roadH, 1,500 in rural an'o.R 
and 2,000 in urban amaa (all Iflnrai)^ on multihiiu.* nmU, 1,000 per lane in rural awxlh 
and 1^500 in urban areas in dirvCTioii of heat'ier flow. Ideal eonditinn.>i imply unLnler- 
rupted traffic, nu commi^rctol vehicles, imffic lane# 12 ft wide, sboulditrs or ijuic clear- 
anc»^ at kas^t 6 fi wtde^ and no tivLricled-aight dwtunin^n nl less llnm 1,500 ft . When 
conJitions art^ not idcal^ diductiotL factors musi b.- ippli«aj. On muhHane highwayifi 
one commercial vehirkp having dual ttn-jf on unw nr mom mar nxlcs^ Ima approjclirmtely 
the Home efwl ns two pasin^ngiT cans on level tcrmln, and of four pa.'^juf-ngtir cam on rolling 
U^mUn, On two-iam^ highway# iht; Lffect uf f#3Tnmi rcirtl vehicEiis is about 25 percent 
greafer^ 

Other difclurtiEin-H ATB given in Tables bA^ B, atnl C. To Elctefininj! (he pmcticul rapac¬ 
ity of a 20-ft-wi(k tw-onlane rural ruiui on roHing termin with 4^0 ichouEders, 20 pei^nt 
of length iritb !righi distances than l,5fK> ft anr| d pi-rceiit df tiunl-tircd or Inrgi-r 
Vehich^, the folbwinj; rtHlUction fartma W'ould }k\ applied: for 2Ckft width apply 77 
percent token fnnu Tabii' 6.4: for 4^ft Rhouldcra apply 19.2/20 from Table (jfl nr 90 
Ijercent; for n^j^tricted flight difltoncia, apply from Table flr or 95 .fk [wretmt: 

for 6 percent commemoi vehicles un rolling temiiii osAunii' each roramcrcinl vehicle 
disptaei.^ three ESti«^iip.T ears, and uriply iCW/ns or gS perwsU. Tlus reuilting prac¬ 
tical capacity k 000 X 0.77 X 0.9d X 0.956 X 0.85 =- 543 vehidea per hour, fit urban 
arvAii the rapaeily of stn.#i:ta b usually iLmitiEl by The capaeity of tho interseetinnA, 
It. is hJai! affected by the uw of ouler iitntn!i for parking, .itmncEkr.s or bufl traffic, and 
rHHjEvLrion cmwdngH. The rapacitliv^ of tnlem^nticins of varicFu .1 types on- 
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Table 6. EFflw or D&sjos FisATt'iti^ os f^tcrjcAL CJtPAcrnEii* 
A, tlflLvt of LiiikL^ Wkdtii 


Luin 

Hidih, 

ft j 

PcTccTit of 12-fi limB mpadity 

2-l&nc 

rufal 

rofidi 

MulliEone 

tifimik 

ETiXpl'O^WHA^ 

12 

ICO 

100 

H 

gR 

07 

10 

77 

01 

W 

70 

Si 


B. Efl^ret of lt«^tricted Jjtti'mJ 


Clcurmict 


Effective width of 2 lont^ ft 








from (Htvt*- 
mcnt ^.\f^ to 

Obstruct ioo £311 out aide 

Ofiatnir tioji on both sides 






lo-ri 

obalmc-tion, ft 

12-ft 

IMt 

lO-ft 

12-fi 

lift 

Inni.'ii 

. 

Imiea 

lanes 

letnie^ 

lanMi 

tqnis 

e 1 

1 24.0 

22.0 

20.Q 

24.0 

22.D 

20.0 

4 

2S.5 

2L5 

10.II 

njy 

21,0 

10.2 

2 

22.5 

20. It 

LS.S 

2U0 J 

10.3 

17.5 

0 

21.0 

10,3 

iJ.a 

tS.O [ 

1G.5 

lo.O 


Cr I^JTiwt of pEiAQ^Bji Siitht-distuniLt? llfwlrictHMi tm 2-Eaiie 
IHl^iiniViyd Wh^n Atloqufiti^ StuEjpLiig Ei^hl Dii^Umc^ 
Atv Atw jiyB 


Sight djfltiLiiro 
if^iilni'teii to 

thmi 1,SOO ft: Per- 
eeni7L|£i' nf total 
length of higjiw'jty 

PnucLieiil capiiclty^ puSSOdgcr 
cm^ pe r hr 

For oiwrratiiiB: 
dEjefd * of 45-M 
mph 

For tipcnitinjf 
ppced ^ of 50-^ 
nipb 

0 

IWO 

600 

20 

StiO 

560 

40 

soo 

500 

60 

720 

120 

3Q 

020 

300 

100 

500 

m 


■ From Cat*nty -MAjqufli.*" U^. Bitnytu Kd Tyiasr 

■ Avef^jtic Ai>iml ivM lirivflj* Ii^ili4 Iflivci «t puiLulutii hI« II|4^, 


tnyil4?d in ihztmX in the ^^Highvay Q'ipudty Al'^ eo^^erxH] hrct c^pneitii'A of 

inUTchiingic ramps mid weavnig recUonw- 

HlGffWAT-DESIGH STAKDAJmS 

The AnH^rimn Ashn^Lition tsf ^taiv Highimy CJfficials hnn midpU^ ^tundskrtLf of 
hiKhw&v cleRi(n which rcfU-ct curtcnl prartirc of tk> atala hlghwiiy (fcpflrtfii£'tiij?ip 
purticuiiirl.v nn FVIoral aid prtiicclf^i. Th^ follmi^itijj ^ilaniianlfl an' for highw‘a>'v of 
tiiaji:if imtfic 

i T*kjm InUn Cituiftt’tfifc' tlalieh S^OlhiJkpl* Fuf NuiliHUlJ; Aysitfifii ImWiOH? Hfid DtrfEin^ I[kjc1i1«h>:i. 

Ikdvfitrd fc-y A Ai+ltD, Jufy, Ifl.’WV, 
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Geomt^triE Design ScAndards fgf NndDiul SjrElciti of loterstite mud Defense Hlgh- 
ways.* Traffic £(ifu. Intrr^l&te highways ahall he td terxv a^tdy hjuI 

cipntly the vdlume uf pftSFvnger vehielt'a^ mjiil rrutki*, inclufling imeinr-irwk*r 

Rud eemitmiler rflmbiTiaridTkF juid cdm:t4|ici£iJing miUtaf)' cstiiziated to be 

ihfll which will exiFl in 195'5, mrliidiiig p^JV'niU'Nh en^i dt'-velopEtH^Eif Iraffic 

OD the bans that the cntiiv sj'atem br eomplithHi The |>efiJk-hour traffic lisixl im & bsuHis 
for dcMgn ehalJ be as? hi^ the thinieih liight-El hourly vriltune of the !1>75, 
hcrenftcr referred to as the bourly volume, '“DHV i I9T5/.** tTnU> 2 ^ attH-rwlN,' 

specified, DHY Is iht? lotal, twinJin^ftiijn vnlumi" of nuKitl lmjEc+ 

C^iiriil AdU'jts. On all tti^ef ions of thc^ iatcrslslc att'sErrm, urot^ .-ihal! be controlhsi 
by aM^uinng acct^a rights ouirii^ht prior to coiertrurtipn ur by the ccrLatruction of 
frontage rtuidB^ or both. Control of flcci-sd ih tiHiutrcd for all seetioni^ of the interuftate 
syjttotiL Under certain conditlonH, Inh-^nfi'Ctaoti# at i^ra^k may be permitted in zipnrwly 
sett feed rural areas which arc a sufficient distanec froin niimicdpaJitieH or other traffic- 
generating areas to be nuii^do their influence, and whert^ no appreciabLo hamrd i« 
tbi»reby. Where a grade i^eparat ion is edkd for u nder t hesc HtamlardH and ejaraorditmn" 
conElUians esisL under which a grade reparation would nol be in the public intereat^ 
an interacctiDn at grade may be permitted through agrec^ment belwtvn the tftato Mghway 
liepartiwint and the ^^rctiu^' of Commerce, 

RaUraad CroMFings. Ttflilimd gnuJe croH^^ingS frhall he climLOatod for all ibrough' 


traffic laoea. 

[nlerm^ions. AH at^gradi^ interscM 2 tiqni> t>f public highway's ftn-i| privale lirivcwavs 
shall be eliminated, or the connecting road tetminaU'd, rerotited, or intercepted by 
frontage roads, csccpt as otherw Lw providi^ under Control of AoKfgs. 

Dctftpn Spftd. The dcrign speed of all high^wa on the sysU^ni shall be at least 70, 
IsO, ami 50 mph for flat, rolling, and mounlainnus Topography, reiipef!ti\'el>% anil dt*- 
pi oiiing uism the riatuTC el termia and develDpfni^n4;. The ti™gn speed in urban areas 
should ho at least 50 mph. 

Curmln/r. Supef^aalim, md Si^ht Duf<xnce. These eknients and alliud fcaturefl, 
such AS transition curves, should bo correlated with rhi^ ffi^gn srpued in aceardaiiDL> with 
the Policy on Goaini-tnc firagEi of Rural Highways of the Amcriean AwMiriatinn of 
t^lato Highway Officialji i we p. 2~5tlK On twtD-lanc hifthway^. sc'Ctioos with sufficient 
sight cUstancti for safe panning should fn-^^uont enough and tho total length of such 
Mtlons be a sufTicietit vt the highway Iciigth to aeeommDdate the DHV. 

\\ here it is not fcaslbk tn provide enough passing opportunities, a divided highway 
should be provided insEoad- 

Grodititi*. For tivsigp. Bppwi. of 70. F(0, ant] 50 mph, unulionLi ^wnOly ghslt be 
not rtteper thin 3, 4, ami 5 pcrrenl, rw.pL.etivi<!,v. Graiiiont^ 2 pewnt rteeper may 
be provided in mgge<i teirain- 

ITidM irrtd A'MJnAer of Lana. Traffic lane# stkall not he U-iw than 12 ft wide, Whiiro 
iht- DnV [|OT5) eiHcdfl 700 nr exc«^^ » IcnAvr twn-tant- dewjjn rapacity appliefllile 
fnr ibf comlitipns an a particular sfclinn, the hiahwav a ilividcd highwav. 

For k..T:r volume^ the highway rball lie a two-lane highway » ih^fpvii and IncaUnl 
rjh thi- nght of way that an ■uldjliand twinlanc pavT.‘nient oh, Iw aihiiid in the fut.im 
to ronn a divided highway. Efficiency an/J rapacity of iwolam. highways may ta- 
incrautBi by providing added climbing lan« cm up grade# wh,w critical lengths of gn«Jc 
are esceeded or by pmviiiiug mtirt rreqiKnt and lohjp-r goctimw «&/« f„r paaMng, 

.VfrriiaibT. Mediatw in rural arena iu flat luicl mlliuK topc.jernphy ahail be at ]e*»t 30 

fi wide- Medians in urtaui ami mountainoua an^ts -haji bo at licmt 10 f t wUle Namwor 

nuduHia may I* provided in urban an-an rJ high rtRht-flf-wae ewt cm long and ™ilv 

“^AslSr=='KttlS 


HlGHWAY-DESmS' STANnARJ>S 


2-ti7 


hrkJi^, and in nvcnintiin romdn, hiit aei mt'diAn flhall b* ksf» than 4 h wiik . 

Curbit or olber di?vip&s may In? used whvjv ftwrtwary !» jirpvi-til tfa/fie froiti 
the TOi'ciUn. Wlirtr^ continiittUfl burner mrba but? on narrow mecUHiifl, audi tufbat 
{ihAll be offwl at leaj!t I ft tnim ibe wJnp c»F ik' tliroujfh4raffle Jan^. Wktrv verlicfiJ 
ekwnts more iban 12 lo. higti, other than abiitmeoti, piere, or walk are located in 
a im-dkii. there sbnJl be a laUW eleaxance of at lesal ft from rhe edije id thmugb- 
traffie bin? to rhe Faw of ftirh ebmeiit. 

Sh 0 utdtrr. Hboutdi?rH uiwhle hy nJl ebftsefi of vehicle* in all wo&thcr shall be provkk'd 
on the right of tnUfio- The a'^atik width of shotildiT aJudl be not less than 10 ft. hi 
niountaitnaiir terrain ifivotviiig high c««t for addilionoi width, ibi^ ui>Eibte width id ^hnuh 
d&r mny U‘ but at lea-i ti ft. Usable width of ffhtiuidnr ui meii^urcd from oilge of 
thrt)ugb4raffie bne to intersection, of shudder and fid nr liiteh slope ecxept where such 
slope is iii*wper Ehan 4:1 w bt'fe it la meaimred to beginning nf roundmg. 

slopes pbuuld be 4:1 or flatter where feasible and ftnl sleeper than 2:1 
except in rock exeavation or other >=pet-iid cuoditions. 

Right of Fbced minimtim widths of right of way are not given Ix-eause wide 

wiiJtha are desirable, condiLlon* n^y make naritiw widibs newssary, aiui right of way 
cHHid not be of constant width. The following niinimuin widths are given bj gtildez=.. 
tn retmi areas right-of-way widtiw should be not leas than thi- following, plus addiLluoal 
widths rujcded for hL»avy euta and ILLIh: 


Tj'pe of luRbwny 

.^Jinlmuiu wddtiu ft 

Without 

frootjig*^ 

roflds 

U'ith 

frontagi' 

foadi 

2-lane....... 

150 

250 

d-kne divided ,, +. 

150 

250 

cjHrlitiiiu iiividr^l . .. «^ 

175 

275 

S-lnne divided...... 

200 

300 


Tn nrbaj^ arean right-ef-way wiilth shall Ij« not Iidp** than that rettuired for the neeewajy 
e^ogu^^S€^et^on ehwnts, uieludiEig me^iiaiir pawments, shoulders, outer separations^ 
ramps, frontage nnuls, slopes, wnib, border areas, nnd other reciuisite appurtenances. 

Ctittens. All culverts shall be of eufficipnl letigth m aceummudale the pavtunnl^, 
mcdiaiL, and shnuhkia- 

Brui^ fflini CNAer Sttudam. The following standnnk apply to interstate highway 
tmdgL^s, o^'vrptts?^'^5, anti underpassi?s. Slandanls for cnufisroad overpasses and under¬ 
passes are to he thosn' for the eroa'irQftd- 

Bridgea and overpasi*!*, pn^femhly of deek wnMruction, shield be loeated to fit 
thi' ownill alignment and profile of highway. TIh^ clear htlght of stnirturw =?hal! 
be not lees than T-i ft over the entire fujulway width, incluJlDg the usable width of 
sbouhkTS. Allowance should be marie for any cimteraidatcd resurfaeing. Tk^ width 
of all bridgi's, inrludiiig gnMle-w^paralkm struetun«, of a length of 15D ft or leo^i between 
abulnumts or end-wijpporting piers Khali t'^ual the full nwidway width on the approaehc'S, 
including the uRable width of shouldi«rs. Borrk’r eurbfi on tiridges Ioniser thar^ tfiO ft 
between ahutments or end^uppKi'rting pier¥ and enrlja on nppn^rh highw'ay's if used 
shall Jje ofM^ at least 2 ft. isffiots tn fa«- of parapet or rail shall be at least ft 
measurt'd from edge of tbrmjgh-imflic lane^ mkJ apply on right and left. The lateral 
clearance frnni the t'dge of thnniKb-traffic bines to the face of wnllq or abulroenLN and 
piers at iiiiderpasses shall be the usable shouSikr width hut not less than S ft on the right 
and 4 H ft on the lefl. A safety w^alk shall he pruvidod in tunnels and on loiig-spao 
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ptruriune^ on which khc full mtuEwtiy widLh, inrl>i]i;liii|j^ is^ not coa- 

tinued, 

Thi" tdwvo itue tninimimv? fmd do nol pmc'liidi^ higher ^l&ndartJfi. Mjioy 

fni^wuy# and totl roaebi atu huJit to hiRher Jdimdarclifl. For thi? NV-ft' York Tlimway 
tbf niiiiiinum »pnn!t is 70 mph in njral an.'fw cirwi 5i) inph m urbuti or ifeitiictotl 

art^; minimimi rtiditiH of ci 4 .rve h 2,800 ft for 70 mph ami 1.500 ft for 50 tnpb; miiUnium 
dight diFUuhce iff J,000 ft |ti rtif^ and 800 fl in resttriclui etfoad; fiuLS^icuum gr^idj' U S 
lieniontj leini; wklthfl bjv 12 and 13 ft; -HhiJutiJer widths h.n- 9 tmd 10 ft; uitd medmn iridthi* 
an? G ft in urhan and 20 ft in njiml ares*. For the New Jerswy Turnpike imirnnum tirngii 
are 60 and 70 mph hi iiDriheni gertiona and 75 mph in HoutbiimiH^rtkingMiiiiiiniuni 
mdiua of eurve id 2,000 ft, majLimiiin grade 3 percent, iane widtiat 12 ft, nbuulder widtbi 
16 ft on imLdiide atid 5 ft nn ingidi^ (next t© CQL-dian), tnudian widths are 20 and 26 ft, 
and Hght-<]f^way a^idlhic lui? 260 and 300 ft. 

Design Standards for Sedindafy and Feeder tlosda. TnbtiT 7 RiveH thc^ glandard-i 
as', adapted by the AASffO.*^ 

Tablr 7. MjKiMru DEaicv f^tANp.vatm iOft J^rcon'dahy and FEtumti ftoADai 


Deagn eantral 


Ann ua] a^'enige dnity trulhe vnluine ^ 


D«iign ifjwed, mph: 

Flat topography. . . .... . - 

Rdking topography.__. 

AlouutiiJbnud topofpaphy 
ghiLtpiait eitrv0, deg: 

Fhit topography__ 

Rolling topography..... 

Meunttunous top^jgnipliy....... 

MiLtiniuru grudient^ peti'i^nt; 

Fhit topography. ., * . 

liollinR lopogmphy. 

Mountainous topography.... . , 

Nonpas^ngd^t ^stance, ^ ft: 
Flit tfjpography. ... 

RoHiikg top4>grAphy.. ...... 

XrounminoUi^ topw^phy...... 

Width of surfncinc or pavementj ft 
SMdtls of roiulbeOi ft.... 

New bridgefLt 

Clf^ar widths ft.^. 
Dee^ign load, AASMO^,. ^ ^, .... 
Bridget to remain^ 

Ct^r wtdEhp ft..... 

Safe load^ p^lng tcKrui.... 
VS'idtli of right of wsiVp ft.. . 


Under 100 

1 totmxj 

< MiiiE- 

liXt^r- 

Mini¬ 

Derdr- 

matn 

alike 

mum 

ahle 

40 


45 

55 

30 


35 

4 o 

20 


25 

35 



11 

7 

23 


IS 

11 

i -50 


30 

IS 

S 

5 

8 

5 

12 

7 

10 

7 

i ' 

10 

12 

U 



313 

415 


^ + -. 

240 

315 


i- + r . 

105 

240 

\2f if tiiiv 

E -r ■ - 

10 

20 

20 


24 

28 

14 

20 

22 

24 

U-IO 

11-13 

H -15 

1 .... 



13 




6 


' ■ 40 t' 


40 t 

■ SO 


400-1,OtM 


Mini¬ 

mum 


50 

10 

30 

9 

14 

25 

7 

S 

JO 

350 

275 

200 

J 8 

2il 

24 • 
H^15 

18 

10 

M 


ubJe 


tiO 

50 

40 

6 

0 
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5 

6 


475 

350 

275 

20 

30 


80 
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* ^liciimuiL of 24 ft ar 4 tt irirre iEi|prfAiT]i itav^jiunii wklOi, 
t Minimum 4^ -40 (I. or ba mibUKd. Ear caruLrurtina, 

Elements of Design.’ f'KmwfKK, The n-lfttion Ijt-twi'cn ntiliua of eurvif itiul tlMiKii 
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^ CKmi, III, A ^ rMtiitti uf HiimJ lEiukubyp, A.YHI|iia 
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tf H-/ j» III which c ie rate of HU|ifTt'ic\'wli€ni arkci/ii^ ihv pidL-friclk>n faflor 

Iw'twcfn tl^l"^^ and pavcjnpnt. Vtyut'^^ gf r for irf mml hii^hwaysi VMry froBi 0.13 

where no *tnnw or is iMictPuntenHl la D,0fi king occuiw. Iei tiid ulow- 

AitJiii 0,0(1 is i}fti!ii lUM^. Slde-frietioii farlOT^ are oho-Si^ii which an; not nnty Kafc 
bui will tAuae no cJi^^?^»m^orT lo ocsupjmt^ of vehicle, Valucj< lulupto^i for / vary from 
Or 10 at so mph to Or 12 at 70 mph. [ti dc^Kniiig tnP'rwclioop* |tjwi?r %^ui% of < (0 at 
IG mph to 0.08 al S3 mph) mid bigbi-r volui^ f>f / [0.22 At 15 mph to 0.18 at 40 mpli!l 
are sujgsi'st^'dl by AASHO, 

,\Ulh^ of Banking. For curvi?-? that (ue ntithcr wiett m^ nor i^pindcdt iiw' iiuper- 
elevation is N'eiwi vomt arbitrary' iii<ajice Ix'fore the PC^ and full thanking attajTie<i 
at the PC nr a j^htirt dLfliiUce beyonti oo the For n^Ulened curves^ tbc baiikmg 

iiHimtly acfompli^hiKl conctUTeiiEly with thu; widcoiiLg. On i>^p[rBjiLM.I ciirve§H it is attained 
over the length nf tht^ rpiial, and full banking rarnod rrotn ^ to A gradual tranpi- 
tion \a made from a rrowm'd pectlon to a sloping plani'. Some .-^tjtniiardj s^pwify that 
the centcr-iirve proOle bt' KE?td and \hn^ inrnde <‘dpi' of pavtftnunt lowca-d and ihr outidde 
mueii. Thi? mcthoHl rjeati* a depression along the inside which may eauAC dmitn 
agn; diffiDufitles in culp. Other ;<tiitidardi4 call for holdine ihc normid gmdi; of th4^ tOMde 
edge of the pavement and .‘^Inping the pavement from this lincw Thf pfufik> of mne^ 
of su|M?rr1eVAljon fri^m Rt‘n» to full Istnlting may consL-il of a pair of n'Ver»ed x^urtiral 
(liaiatHdac^ cijrv 4 ai, or a short stmighl ruriufit with vertical rurvt»-i at liach i^ml. Tim 
imlividiiai lisgliway departmeotH have prepafi.Hl tables giving lisia for lading out the 
trartfition from norma! to banked si'cliuii. 

//iphrrat/ tJn major hi^wa™, spiral trctnintion run^Ew an^ numidimes n.^'d, 

the limgth determim^d by tk‘ fonnola L -= 2.15S"*//?C* En which L in length of 

spiral, ft, r is velocity^ mph* if is nidiud, ft, and f u rate of incrFase of ecntripi^tal 
Rfrelcraiion, ft per W‘C^ The value of (' determiniL'd from a ronsidfration of safety 
and comfort in making TrarL^itbn fnam taJigi nl to eurve. A value of 2 is cnmmnnly 
although leaser valut-a havtT hivn soggt'sted (l-O, 1,25, and 1-35), ffspeciaJly when 
siip<.'n.devaticin is laken into aecount. Spiral.^ are usually oniirted on vt iy flat curves, 
such RR ihrt-?e li'sc llian 1.5% heeaum? thi' spind elf ret t? sr« anmW that vehiclies can deseribe 
their own ppiml wUhiti normal width uf tralBc Jane. Iti practiw a comramnd 

cum' h used w- a traiwiitinn between lanEimt and cur^^c, tin; nidiu? of tht? compound 
cun^e btiog ahcHiL iw ion that of the central cur^^e. The theory of the spirnl ia given on 
p, 2-15 

iridcninp, Pavements OH t wi^h-Utne roaiit narrower than 24 ft an' eonimanJy widtUH!ti 
un sharp curvcfi anti at bigher tlesigu eptn^ih- Widening is af-^ appliiHi on corn'd rampa 
at traffic inu^rehaiigi'ss. The amount of ostm width rt^quiretl lieps^nds upon thi? original 
width of pavement, tihuiimess of runo, ilL^ign speed, wheel ba^e and ttirnEng char' 
aeteiistics of vehicle, safe dearance rt^^uirwl bel wwn vi'hkhjia psuaing on e^^vt^ and 
an aJIowanot* for the difficnUy of driving on a eurv^', uii'ning for a 20-ft, pavenitnt 
will vary from I fl al 70 mph on a l.S* rurve to 4 ft at mph tin a 24* ciirvi,', f in a 
22-ft pavement thu range w FrfEm 0-5 fl ul 70 nipb on a 2^ curva to 3 ft at 3Q mph rm a 
24" curvrA 

Thy fiihW width is usually ptaced on lhi‘ inside of the paVL-lUcnt. altlnitigh il L§ 
fcUpmelimiaa dIvkJed between the iiwiilc ariti outside when tfpiral iraiisttionM tu^y uaed. 
FnSI {coneccitric) widening h* maintained suhAfantially aruund the rurw w'lLh transition 
curvFai to eounect with the ntniigtit rilgi- ^if I hi' pa^tmient. The tiutb-J Lions may lie 
aceompUiihcd by a eompwnd eiirve, by em aHictrary eurve of parabohe ty jie, or by tlie 
uae of ApiraU. 

EtSw BAMHrrr. "TrMiiMilimJi Oiirr(a lor ltt|pJiWTii‘*," i?f Public ttotdt,, O^JT^rnnwcit 

PnnLukE 0 «m; .Maru, Casl F,. 'UtMiu- ^rvcyiwi," M «!, CW- A iA^™ili>^ Cuqkiww. 

Pidicy on QiHODmcLric Dc&Lku flf liu^^ AA8HU, Tabk 111-15. 
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Siffhi DtJftfimcr- Ml* twci (k^fi±LiCtutiE: siffhl duiunct CM>in£'tinitrfl c^kicl 

Donpafwtn^'^ 93g^i distann^) lii which a driver ^art hntig hi^ vi'hblr to u MtDp bvfon* 
reach tEig an nhfdarh* in the mArlwayt and pamnntf ln|^hI diafanrt wbieb i* d^rtMici* in 
which the driver nf nn nvertAking vi'ibieh^ sbonld be able iv we aIvamI before Hsfely 
starting a paifi^ing imTwuver. The ntyppin^ flight distanrt^ \k dtiterminixl by formula 
SSD = l.iTiT+ ^ in which V " usiojim'il iniiinJ apeod^ mph, I ** por- 

eepitiaii pluH reaction tiiDL^ nee, / - rfH*fficicnt uf friction tirw arvd read way, 

mmJ q = percient of gimie -r- 100, Minimum s^topping rleitAnreH adopted by AAt^HO are 
Eho^-'n in Table 8. Those art based upon a levid highway with \iilues of V eomewhal 

TahI-el 8. Slight DiiaTAxena^ 


Deaifm 

speed, 

mph 

Sluppiiig riglkt 
oistance 

fussing riglkt distance 

A^ftuiiicd 1 
paSHing 

speetl 

Distance 
; 2-lani* 
highwaVp ft 

Oistnjice 

3-|jkrtr 

1 luidiwny^ fi 

Initial 

a|Ked, 

mph 

DiaUmm, 

ft 

30 

2h 

20<j 

30 

800 


40 

3li 

273 

40 

1,300 


50 

44 

350 

48 

1,700 

1.200 

00 

52 

47.5 

55 

2.000 

1,100 

70 


fiOO 

00 

2.300 



i F4miii A FciJky ov GfoinTtric DmIjiti oF Rutm 3 AAStlO, TqMm IJI—1+ A <fo4p4^ vbIuh). 

thnn design sptH'djf, f ^ 2.S we, liml / {tm pavenumt f vikr>’tiig from 0.30 at 
30 tiipb to 0.2^ at 7D mph. 

The piling sight distance for twi>Iaiie roadjs is made up cf four distanrefl, asRiming 
that the Dvertahing veblch* m tmlllng overtaki^n vehiclo U*fort" passing: (1) distaiLce 
trw-veled during pcra^ption plus reaction time and during Initial aecvk*nitiDfi to point 
of encroachment nn left lanL% (2J distance travelHl while iwtHiiing vehicle occupies the 
left lane, (3) diPUmce between the passiitg i-ehiele at ond of its nianiiuverand an nppoping 
Vehicle in h*ft lane^ and (4^ distance traveled by the npptwing vehicle for two-thinip! 
of the time the patting vehicle occupies the left lane, nr iwo-lhirxiaof (2). The pASf^ing 
diRlance for three-kne ronihi is taken a* Bhi- sum of (1) + t2) + (3J. The opposing 
vehicle dtrtanee is omitted sinew it is assniined that the cenlujr time will lie avadahle for 
pasidng.^ 

In Tafile 8 passing ppeedfl somewbat leas than design spt^wls are need since njrpeticnce 
Indicatea that tonrt dri\wni paas ai 1™ than fit*«ign iipwri. Thu jiaaied vehieto is a^i^med 
tn h«* travuliuR 10 niph nlnwer Than tin’ jMuidiig vehicle^ and Fbeiippuidng Vehicle at liw 
same j*pped as the pwedoK v'l-Jiicle. 

Minimum Stopping sight clklaoceaF shuuld be provided on all highways, l^aaring 
sight distancetii tut? (Icaifaljk* nvur as gitvit a length as poe^ible un iwa^ and three-latu? 
mads. 

Borizoiital curves sbould Ik flat enough or obetruetiorm ^^ould bt> cm back to allow 
a cTuar line of taght bet wtt*n emi^ of right ih^ianse nkaksureti along eunle-r line of inside 
lane. Thr^ mldidc <inlina£tf frum an uhstructiun to cetilur line of iti^d»* lone a m ^ 
R ve™ in which R ™ radiita of renter line of tiuiide Ittne, ft, and ^ ■ right 

dhiEann.*, ft. In profile^ the k*tLKihn of vurtjcal curve are di^gneil to give at feast min¬ 
imum Htopping sight disMmcn. Tin: latter is mt-asured belwcen height of eye of driver 

* Tnt WfthiabS^tiS cf cttmiiEiLlM uJ pMilkt ik^l difllAJiEx ihi A Pdlky uf □uunLetHe PMjfu af Bixeml Jtigb- 
W4y», C^mp. tIL 
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al 4.5 fl uul bt^ighl uf otijt-cl of 4 ia. Psjwinp «glit di^tahcfs are measured belwftjn 
two ppitilA L-ach 4.6 ft ftbovf |iiivui£u>nt. 

BjgiiWAy Gradients, GnwU'is slwtLlJ bo kepi low |Hx-:idbk! on highways ejtrrying 
a conadcnibli? port inn of raotor-ititcfc tmifii?. Hosi^y vi-hirii^ lack the jM^wor to mmntaiii 
icpood on gradoa m-^r 2 or 3 pom^Jit, ikcii thoy impo^io cithor tfafTic^ particoEarly on 
two- and threo-laoc roada. ^hon arawlL^ niny be winwwJiat istf.'oper than long orujis, 
ainw momontuni wiLi take ihe btstvior vHhick-s over thepo gnuJrai wilh only moderate 
Hpoi'd Toduttion. Thcr AAj^HO Puggi-.Htji lliai kfiglhti of up finulo bo limjtotj to tho5o 
oau«ing a apcod miucUon of not tew: than mph below avcraf'c apLvd approar:hing 
tbjL‘ gtado. On tw^o and tbcx-o-liine roiwls wbi»n' tbcM length-^ cannot bo obtaJiied anii 
tnjck v^Jume i§ high, coniwloralion tdioulrl be Rivi"ii lo con^trudin^ separate clunblng 
Wis for truckfi.* To facilitate clminage in cyt seclinins a miniminn Kiadc of 0.5 percent 
(0.35 pqrciint for pdived gutiora) Ik Llesimbli"- The coal of grading Er important in tie- 
lorminlng the practicELl gradirnt^ thcrcfow, high.-r niaximuni gnidesi An- uaed in moun- 
tamoit? and rolling country- than in flat lerrain. The extra cost necc^^ary^ to flatten 
grade? should be wcLgbcd Against the msulting ^ving* in motor-vehicle opefAtiag costs. 
Obviotislv a gri.'ttteJr ejtpc^iidbtire is on bi^avily traveled roailsf carryniig a high 

percentage of utolor trticks than on liglitly LravcK?d riwutLs (sco '^'Highway tiConomies^ 
p.3-l6). 

V'erficnf f'lirifs- Straight grade lihEs? aixi' cnnm^cted by verticfll paraliKslic cujres 
tseo p. 2-14 for theory). The length of citr\’i? w fEequi'ntly determined by Aightnlii^tance 



t’lQ. Stopping siithl dbtniiec. (Ileighl of Vw. 33. Pwpang sight dtatance. (HeEKhI 
cyt' 4.6 ft: oi object, 4 in.) vy^ and of object. 4-5 ft.^ 


ret|uireinent 9 r The relalion? l^ctwceii gight dintajicc at suTomila nJid It* ngtb of vertical 
curve dcrivetl rrom formuln^ ndoptwl by A,\SHt) » are shown for differt nt oimbiiud Imw 
uf grade? and for sto|ipifig and pajwifiig ?ight c|L>f£aneiL!c>, ^eJppccli'^‘cly'^ in FlgJ^. ^ and 
Vertical curve? ii^ Ritgs hboiild be IcJiig cnouKh E^a allow I he rays of headlight? to pick 
up jui object on ibir road at a dbilaJiei'- inhhiI to stopping jdghl ^^tanct^ Formtilue for 
L in Icmu' of S for condition ^howii in Fig. 34 are^ ^ L = + 3-oSj when ^ 

ia Icfid tiuui L, and L - 2S - ifitSO + 3.S.Vj.M when S \a gretiter than L, hi which 
L imd -s: life Iti feut Alii I -1 Li in percent 'iVhi^n- .dght^istance nHnyin mcnE? do not 


5 'IVliktaCllmhlJiui LltlW." fiult. 104. * AWn 

rs« A I^ky m Dwigrv ijf Chaj^ Ilf. 

03i. l5o^Ai4>'. Hlabi Dliiinei! oa iwa V^kaJ Curtrt, CiHi ffTi-f.. IB+i. 
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ronlrol^ wrtiraJ mr\id am; ebcH^n lij 
fit iht^- lupof^riLphy Ifi etich m w&y ai 
toi kc^p cost df €wi.¥truci icvn to b 
minjjiLimi. Thi^y pbould noE bo bo 
^ort to c&iisca ttu ibrupt hreaik 
Fig, 44, He»dli|tht eitiht dbumeo on ^ rninfmiUD length (in feet) 

curvea la «•«&, ^ three timc^ deaign cpeed k reeom^ 

IpcUliL-d. A iJrticotli^fiowing profile wiib Enng vertical curves b denired. 

Crass Sections. Pawtm'nlj^ Eire p^luped or eromii*«l Us pfavide pmper drainage. Tbt 
sniDOtliar, bigh-typp Hijifi$.re:i ure crown^l at rales of to in, per ft, mtemirdijile 
a^urfaees at lo ^ ja,, ajul Ipw type at M to H iii- A ttKaialc ahcnjJdor nidkii of IQ ft 
ii (Ttamkrtl od priojai^ high way n. It tnay be wider od ficavily tmveSed routes, aitd Eiar- 
rower in nigged tetTaia wfcufre coatfl are high or tiu socapdaiy roiubf carrying ligfit traffic. 
Where shoulders are norttivfer thsiu lO ft turnout ati^aM are advisable at froqociit inter- 
vafs. Crofts skspea of ishoiikluni vwry from % to H per ft if bituimnous Lteated, 
H to H in- per ft if grmvel or atone, and I in. per ft if lujf. The surface and Jihoulderi 






fc) ffyrol 2-lqn4 IhLgliwaY. 
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sibould rontrait iti oalar ^cl iesiture, sxJrb hj< liKht-culot^^J roncruu^ imd dark 

hit iimi nruiw i>r E^DlcXT^th bitumljlDUii pav-CCTlOUt and Triu^-tcxtunxl nuucadAHi 

or auffaw-t^eal<^c^ HhimlUfr. WWrt pedL-i^trkn truRic iscw^ii 100 tu 150 per tUy iLiid 
volumo oxfleedj 100 \n>hiclES per hour a «Jen'ftik ^i>uld he. corfcKidt'rcd on ono 
flido. If pt.‘dL‘^rtrijin s^oliinw oxewi^ 300 bo 500 per day tiidcwalkB sbould Jje t^iiflicieivd 
on both side*. Figure 35 ■diowj: i^H>nu>tne charflwJcrwtic^ of i^TiiaU enm BeEtiotu. 
Hgimr 35d hs a t>iHcd two-lane primary highway piirtiy m eut and partly in filL FiEUns 
356 in a typical urban atrLa-T. Note tbai sackjwalks are sloped away Fncim property line 
Id dmin into gutter* where fluw^ b coUerti^ in a Htorm-Mwer syatc’m i Fig- 451. t-rltan 
^nx^t widthiP depeiiii upon forking requirenoeiita and traffic lanf^ required- A Tpsfdeii- 
lial alrwt with twn lO^ft In/ves for nunving imiHe and two parking larH.^-s at S ft will be 
35 ft widi*. An Lnip<3rtant buFtw-Jw «r funder aTtetit irilh two Lane* Icir moving 
iTaffli: and two psirkitm lanc^ At lO ft will U’ 44 H wide; for four traffic Iwjuw tnal two 
parking laiK's tla* wdiith lieeome* liS ft. Figure 36r is a divided highway with TTaved 
median defigwHl to give pociitive nxnniint agtdtwt vt^hirkiK erosHing owr It. fn elimateji 
whtfiv snow and lire an" enrountered the bt-si dtiiHgti is to proHde surfacn? drainage at 
tMTth the median and at the road^^idij*. Figure! 55r/ sbawa a divided highway with de- 
pieased luedian. Tbi? type is economical in dnunagf and construction and suitahle 
for wide medians. TV interior ditch Hoction is tnadi- deep enough to diseourape eroiuqng 
bul not so deep aa to bo a haSiunl. Fenctw am sometime* erected in narrow ^fepre'swti 
medians to prevent vvliieLiiS from making U tiimi«. Figure 35c is a divided highway 
with ToadwajTg on ,‘H?pftratv locatioiu?. Thu^ lyp*^ difslgti with the two maiiwaj'a vary¬ 
ing in both profile and aliEiinwiftl is often peononncal in const met ion of well aa at- 
imetive to (he driver and s«ifi?r lo drive on than a unifurtu crtMts section of monotonous 
alignment, i^ide skupes? are made as flat sn praciicuL For dlls under 10 ft high, 4:1 is 
desiiable, for fills 10 to 15 ft, 5:1, and for fill? over 15 ft, 2:1. In rugged counlry^ slopes 
may be steepened lo I or to GinuNlmib are installed where ride ^^Icipe.'^ 

are greftier than 4:l isee p. 2-113). 

Highway-location Suireya nnd Plans. TV location of a highway offers few jjriihlems 
where the improvetl road follows the lino of an old rtnul, JS^hiu^ IIjm- and grade changi^ 
may lie Tbecewsarv to mt'el modem design rtiiLtidari|!:^i and ihe righi uf way nuiy lo 
be widened for addiliunal bnea. fn ptynlcipalificPK tbL‘ fctn'ota mv umatly WL-il estab¬ 
lished, the lines and itmdis being a maitor of record in ihe city cDpneering department. 
Rad leal changiw in Heio and groile ar%' seldom made because of the resulting danuigcs: 
to aliutting property^. 

Whim Uie ctiiPt of gimdiug and prfipitrty damagi^ involved in Modernijtng an old rout^? 
is grrat, considenilkiii is givan to locating A new mute roughly parallel to the old one, 
Thty old mad may then ba abandofusl or mtiuned for local use. Tmffir sun^eyp and cost 
i'stimali^i aix* n'i^u.ire'd tCi justify I he rhuid* of rnpli?'- If a Jiew IXHlP' is dt^idiHl upoUi 
the pruhli'm fjecutne# one of stuilying the termln and locating a line which will keep 
cotistriietion and laiid co«ts to a inimmujii and at ihn game time feitiHfy di^sign requLre- 
mcots for po^nl ami anticipaicd future traffic n<|uirements. In dtim, iocatinn prnh- 
lenis area in rofniisctjon with t\v di-rign of oKpri'si* highways for tb^ relief oF traffiir 
ixirigi'StioiL Interchange^ ramjw should be located whixe they will give a?M-esi^ lo areas 
of greatest traffic demaml, whib' at ihe -‘^une tiioe avoiding high pn^ierty Jiimagd*, 
Expre-ss highways fuc often ]ot?at«l in hli^led area?. Property lakuipps are mmetimes 
linkc-d with urhim reik-%'elripini nt. The priiiripliii of liNWiinri and llto surveys i ntployed 
to lotate llh.^ finiit iiT¥‘ arv dcserihesd under ^'Houte i^ujveys/' pp. 2-1 to 2-7. Aerial 
Furveys are particulorly uJvaiitageou* iq. higjiw'ay toraiion (pp. 2-3 to 2-7). In urban 
nreas phcitogmphs masiirs an* of gnat velue for sludyuig cklti mate routi^^ 

nnd estimating propi’rry ch^sIs, 

Till' finnl liner is Liui:l out wnlh imiiril tmd lap<^ aalI ptoltle Lvek takiuo .Adjust na^ius 
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may be made if the field survey ihowa that Empn>veineDtB ran bn nuiil^! which will 
mlure the coat. For nimJ highway flqnrtO'e center line if) u^^ly laid imi, and the 
tmnint poiTila of the survey mfeitEnccd io feed abjuscta iyiitRide the limiLi uf the propawd 
tvoHs. In city BtiTvey*T the Hium an? of ten run on a parallel or offetot line in du* aliiewaik 
area. Cross Bectiona are taken for eompullng eanh woi-k quaniith's p, 2-17}, On 
new locfltianfl soil sun'eyfi are dpjtirabb to determine fouiidatleu eundlUons wlueh in- 
hueitBe the design of pavemcfiLa and draina^* faeilitie?. 

The cojwtmetion plaikB for a hij^hway project usually cunsial of the Mia wing parti!;: 
lit|e ahect with index:^ eonvenlionaJ ffiKnn^ aignatures, aiui a finiall-acale map showing 
location of project; taljulatioti of EitiginocrV ef?tiEnAte of quaiitiUL^ upon which the con- 
iraclors bid b based; standard cruas Kictjon of proposixl toad showing pavement 
dtitailup shoulders^ ditches, slopL>s, etc ? pljtna of drainage BtruclurLis, walls, guard fenocss, 
etc.; combined plan and profile sheet# ahnwing in plan (top hall of abeet) alignment, 
pawmonl drainage, property lines, right-of-way lints, euiU all physical fcatuit# 

aflfcclltig the constructionp and showing in prufib Ibnltoin Imlf of sbi‘tit) the gtoimd Uno 
and finisheri gnulc Urc with elevutions. rates of grade, and vortical cun^c data; earth¬ 
work erftse st-etion# showing ground line und proposed sections at full stations and other 
critical points throujsliout the length of the project, The€o plums are not onJv used 
for construction purposes, bm are also umsi by the right-of-way division in obtidtiitii 
tillca to lands taken and for oaw^ment# taken for drainage, ulopts, or other faeilLtlea 
on property not purehaaed. 


miERSECTlOl^ DESIGN 

ChaimaliiAEiEjiii,* Traffic flow at idterr^tions can be ipvatly faeiliiated by the use 
of traffic blandit to ''rhanneiiEe'' traffic into dcBimble pat Ini. Islands aru of throe types: 
divisioiiaf, dirr^rtional, ami refuge. A mt^tiiara ptrip is an tixfimple frf a dtvbionfll type. 
Intersection islands am directional and islands providing pndepliou far pedeslrinns 
are refugts aJlhougb ail of islands may provide rt^upi^ Mi^rJians pri'Mint frpeoial 
probleniB whom traffic must make Irft or U turns through them. Huch nu'diana shoukl 
be wide enough to flhelter a tuming vi^hlcle from traffic on through lank'S, and also wid-i! 
enough to pro^ie suffickiit ratilus to allow vchiclL-s, ineludin| larg^- tmckir, to make 
turns through thciU- FigUTO 36fl ilLlIslnites one type of ta^atmint where left-turn Unea 
have bta-n proAided in ihc nvnimn to neeaminodate turuiog vi hicti’a. The lanrs should 
be made long enough to acpwinmruiaie a numtH^r iif wiuling vcMcIuh, and rt^lnoi^ apt^ed 
for turning. Each mtem rtLoq usually presents a diffeteht problem requiring islanda 
to be tailored to the traffic flow. At m»w interseclions the tniffic flows mii.Hr be estimated. 
At old inuirnectinna being a-^Ji-irigiH.d, a thorough prtdirainary study should be made of 
pbvnECftl rnnditiniis, traffic flow, and aeckUrnt eJtperivnce, (Jften an Gtamination of 
the traffic aiains oh the pavement will JvvraJ tlw nammJ ehannels of traffic. The 
absence of Stailia dclinrates litth>-uAed ajeuH whkh Can be made into islands. Thr^ 
traffic pattern is often woli defim^d tm fti^riiil ijhutogmphj or by padw nuide in light snow 
or t he gathe'ring of siiftd aftc r ice t tr at ment In laring out Lslamk ft'rtpan d«dgn criteria 
Fh[>uld be keifli in mind. Width anti radii of a|] channels mual fcte sufficient to aeeommo- 
date all vehiehs inrludiTig largr- tnickA Uft embed layoufji without ahuitldei^ the width 
of madWuy>i. should be auJEeiani for the diwign vehicle to a stalled vehicle. Radii 
req^-cJ for turning with the central aiigk For angl^ about ihe ndnimiim 
mdius for large truek.4 at slow afjooil is aiimit &0 ft; for ri^i^'^iiger cam about 30 ft.* The 
aliape of ialands ,slifHikl be Huch a* to pmdn^'e tlie desimbki Fuiths for traffic. In Rpnenil, 
turning movena nts s.-iKsn!iteH:l from llirDugb tmffic wlnrf! pmetpenl. Confficling 
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movi:!nn?nl-R zkrti Kmi]|;l]E to n fucii» wtHitt tljcy cnu be controlled by rttoji fcijtns fir tniffie 
mndwiiy unriis tin* providtd bt^rwHMi Ulundfi whpfv vehietw ewi 
^t&nd safely irbile wajtinp for an opportunity lo ni™? oihpt imRie. TLe wliiniiB slicmkl 
he AB 1iir>te ELF pmctitrabb*. iSmalli biUuuli^ shnolti avoii4i«iL pinrc EliL<y ate lund to N?e 
Hn d L'OJlstitute li trnflie In jreni^ETi], uilatidji Hbt^uld Iv o.i least 50 ft ftJicI prefer 

aldy over 75 hj Fi in area- The stopping sight liisianii^^ siioulij In* avjkiluble Lbrotij^houl 
the layout. Islands are commonly dolinefttcii hy white, fitanting fmountable) eurbd. 
Thi:^; should be set hack 1 or 2 ft from nnniuii tnifRe^Ettne widtli. Channeli-^tkin 
d^•i^ign!s for Ydype and wgimli^ed intenwetions are shri-wii. in Fig. 3t.tb and e. 

A traffic rotary' if a spK^ial type oF chftnTMdiwtson in which ail entering traffic ctiru- 
late# one-way on the rotary'. Croa^ moL'ernents arc accomplished by weaving. The 
di^ii ii w'ell adApl<.vI to mnliiple-k^B inter^-etinna wh^^^‘ weaving capacity tif the rotary 
ia mot exHX-oded, This capacity depc^ndA upon k^ngt.h of weaving auction, width of 
roliiiy' roadway^ speed of upemtionp iKrwmtage oF rommercLal vehieles, and relatiw 
volumes of weaving and throgigh traffic in any aeriion, rin rotaries of 200 to 300 ft 
cliBiiiekTj the praelical maving rapacity w usually r«ach<Nl at about 1,I500 ercKiFing 
vehicles per hour- Wht.'n the volume^ nvemi practical w'cavLng capacity the rotary 
bteokjE dow'n and thi' traffic can lH!iter he serL-ed by a graile K^paration or sigcLulistAtion. 
Rotaries are not well united to Fij^ruLl control iinli^w r^'de^ 1 igTn^ to provide difect crossings 
iiisiiaily through thi^ drcTei fur niajor flows eiF iraffic, RntarioE} nfe not lieceairtirily 
eiretdar^ but ran hs? adlustwl in siiajn' to ipvu thi* kjngest vreaving lengths w'hure they 
are tnwt needed. Principle# of tla^ rotary, and capacity relatlonslups for w^^ving sec¬ 
tion# are developed in '^Highway Capacity Aiomial-'' They apply to weaving st^cticiiis 
at inteirhonjiten aa wi'll a# lo roEorks. 

Crradc Scporaticna and Intarchanges.^ (Jin litnitcLbaceesA highways and on other 
heavy-volumi' high what's: cross movements of traSicanr eliminated by Eeparating grades. 
At very minor croK^ingif, wheJt^ Eraffic cannot be rcmiitcd to other roads, a simple bridge 
Wiithout nunihs In ron.itmctt?d. Wheit- a miuEir ntwl ertwsE-s a major highway, and 
coiLiwctiona imi wHiranti^ri, a parthd clnvi?rLcaf is conFlructed tvqtnring only right tumj 
to and from the niajur road, but pcrmitlmg leJt turns on minor mud (Fig. 37^^ bi. When' 
both highwayp carry liEtavy traffic, a full clovctlfaf is used, left tunuf Nnng accompl^bed 
by loojjfi I Fig. 37a). Weaving w n^uimi hctwivn un ami nfl rktii|i#. At T-typt inter- 
N.^tioiiK, interchaiigi^ uf the *'Y*" iFig. 37cj ur ’'EmmpeT'^ type (F’lg. 37d) are UAtiHil, 
The latter being well adapted to toll-road foanecrions where loll can be collected from 
hoEh ingoing and outbound traffic at the vUtin of thF> interchiULgc. For vory l:wavy 
t taffic elpIes9Wttyis^ dirt^et conmwtkms art* prvfertid wb*n‘by whiclc# may make tuma 
ilin'ctly in the direction (hey wi-^h to go lor nearly so) anfi without wea\ring. 0BUally 
only the major turning rntivt.^ment.'s are provided with dlmcl connecLioiiR, loEips baling 
used for minor turns iFlg. !37/>. Intcrchunp-A with all direct conncctioiis ani very 
expensive, nfiulring threo- or Four-level bridges or h^ngihy viailuclCr Where H-vet^ 
local rrnw-tp cfFnvi^cKu un au expres^w'ay a cumbinalion rtJlary^ and grade separatiun is 
sometimes woeii, tbu rotary acting as a collector mail distributur for cxpnevaw^ay tndlic 
(Fig 

A design traffic is adnptcjii for ench 1 ‘^lenienT uf the interchajigo, ainl lh*‘ appropriate 
slEmihirris sight distant', curvature, rtmd w'kith, grudit. etc., applitid to both main 
ruaiJwTiys arvil ramp,-’.. The Layout U UfulaJly infiiamccd by inpcgrapluc features which 
nffeel the iv^i of eon.Htrurliuin Any cotnprumiAi- with liemign staii£lard.s for fjconomy 
reAsooM is uF^unliy msule <iii minor rouils rallaT I tyin on tnajur rlenwnts. In making 
cofT itimparL-miuf of alternate designs, weigitii shuuld la- given In Ui^er laiielits re^ulEing 

on Gramrtrir t 4 K'lial biidiwayii, HuEOtuh^ pp, ^Vl 
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from redurticiiu! in Mving in ccBrt^ ind ii^t'idmt rwluttlon. Tlh> min- 

Ltnujn vert IraJ hc k'anTMici' irtnif?tiires 14 Tt 3 10.. over I r&f^c: Injin:. Thci 3 in. is to allow 
for fulure repurfanopf. Wln^re wide meiliaits ao^ eoioloyinJ iwn-fjmn Jrt.nictirn# mro 



{fl) FffrffoJ 
Momp$ jVi 2 





T orttump0 



Fm. 3Y. Typinlt tyji«i at intwrlmnfiau (P-'«n “A P<J.Vj^ Or«Hrific Dttipf ^ Surai ilixH- 

AASilO.^ 


iisuAlly brtult with GPiitor pier in mwiism. Ctunruirt; on ripdil ttf rojulwiiy jihouki bi* at 
liwt nomwl «houldL-f ffUlth. but not It-s. than ft ft. CUmroiiw to fact of pier or abut¬ 
ment on left iridi! tfliould be Katae aa on rijjht wUu, but not tow llian 4.5 ft. f^frurtunat 
aniJapproftcht.iu*outdbf‘hHiioutimafltii pmvfHi. miuiniicl ndjfht (liflaiww at all ptnnbt. 
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SpKd-^hanffi fonw ^ aji: rrquirvfl at ramp fHiil* iti maku a tmiiFtlian from hijili-Bpeed 
thTough traffic t* fslowisr mmp-dt.'fngn spe^ am( vidu vi.^na (Fig. 38). Geiu^raliy it is 
asfiLJiiied that a tuirping milB leave ur enter a ihrough lanu at a semewbat km-ur 

speed than the design spivd of the thmugh highwfty+ Lcngthii (if deceleration lane* 
depend upon jipped difleruaec', tnm-ofl diBianns and reaBonabie braking abiiity of an 

Tabus 9 . Diasiox Lexgtub or Sfe:ed-ciu>' 0 %: I^AVEft ^ 


Flat gradfM —2 pemiit or 1l^^^a 


Design speed of lurulng 
ro^ way curve, raph. *. 
Alinimiiiu curve 

radius^ ft-. -___ _... 

Stop 
con- 
ill tioJi 

15 

50 

20 

m 

25 

1 150 

30 

230 

35 

310 

40 j 

130 

45 

550 

SO 

IffW 


Diaiign 

speed of 
highway, 
mpli 

Lenph 

Total length of deceleration Lane, including taper, ft, all 
tmiiii higliWEn-m 

40 

tiO 

TO 

>7o 

200 

225 

250 

300 

400 

450 

590 

250 

S50 

LOO 

450 

250 

400 

450 

200 

300 

350 

400 

1751 

23D 

330 

400 

A 

250 

300 

330 

mo 

250 

350 

* 

223 

300 

A 

250 

Design 
ftpt'Cfl of 

hig^iwiiy, 

mph 

Denidh ^ 
uf ; 

1 trt^p 

i 

1 

Total Teugih of aeccleration lane, ineluding Uipur^ ft 

Daae L Higb-voU 
ume highways: 
40 

130 

60 

70 

175 

1200 

m 

250 

... 

450 

760 

1.300 

400 

050 

, 1.^ 

350 

1 600 
two 

1J60 

250 

560 

soo 

1,000 

m 

400 

TOO 

\m 

250 

SOD 

V 

400 

TOO 

250 

590 

Caae Other 

main highWHVS- 

40 

no 

00 

70 

175 

209 

225 

350 


300 

500 

750 

9.W 

250 

450 

700 

900 

200 

350 

t500 

SOD 

w 

300 

500 

750 

> 

400 

000 

250 

500 

A 

330 

A 


^ From A qq GawikieinC' Dutgii of Etural Ml^kvmyii, AASMO^ 

” Loh iIlui Irnith lA-pur: w rvHEipwnit curv9 w iMitial lAfHBr- 


Biruiaip.^ Vehicle. TIu-y are kingiT an down groden thiui on up grades. AvcclcimllDh 
bkiMw depend upon speeil diffen^nre and neeelemt ing ability (if ElevtRn vehicle. They 
am longer on up grailtw and Blmn^T nn liown gmdim. Deceleration lantM may atari 
with a taper or thE>y may begin abruptly, Thf' accelunitiun lane slartH at end of nuiip 
rurvi\ fnllnwa parallel (or nearly m) to the iruuii highway fsnnu^timcfi separated by n 
uhort meduin iti AnM: oiii^third or o[ki.>^halF of lb!ngih) and then mergea uith through- 
traHie lam:* in a long tapf^r. The AANHO. after a pstmjy of tbenmtleal appnmcheSp 

ireonimendH the P|»*iMj-i.^hftnKn lengths nhowti in Table 9. 

iBcw A Policy oO ChlHiixtfid Dotffn nf flunl fllBhTmn. C}u|i. V|t, [ip. 
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_ ^ T^rat^A / JW __ 

T&flgf ■—— 


— Ft/f/ fa/ig 



fiCfi D«CtlltratEDn lanf 



(^t AcctleraHon lanes 

Fjfl. 3 ^- HpeodHchAfiffP lan»- 


HIGHWAY MATERIALS AWD TESTS 

Haabitumuiauj mirtriils UM'd in hijfliw’jiy rtniirt™ciian are namral aoilj Band (pavei, 
*lag, eni8li(.‘d ftoqe. brick, i«.rtland rt-roeiit, [dpu. strudunJ stwl. and jmtiy 

misceltaKewiB inatcriala. The auifabiiltv of th™.' maU-riak for diiferent psirpo*'^ si 
dotermined by t«rta ataodardiieti by th.- American Aisoriation nf 
OfficiiLk (AASnO) and thi; Aratrican Swicty fur TesiJtig Nffitcriab (AbTM i- Himy 
of tba atandard t™u of ibcr^i two ann'nciffl arn^ itlentinJ- 

St>iU arc subiect to aamplLofi and rising to dcteradne thfit behavior aa subitnuk^ 
and in tiubMiknienta. Cnmmoti teata an- fhe eiwAaaiW o»alyiris ■ to tletenmne |fr^ 
Bii* dwlribution, fnntf f«<* * m drtertniiuj ihe mnblun.- contedta m percent of dry 
weight at which the characteriatiw of iht' («dl change from liquid to phatm. to aemi- 
solid arid to wild. n-*p£wtiin>ly. and dcnjrfly teri** to dLti-rmim the compaction char^^ 
tfriilica of the SOIL Other t«its npplicd particularly to foundation problei™ an- for 
ooiiHoUdation, shwaring strength, permeability, and Mpillarity/ iAIaO Table IS 


unJ Sectiufl 8, Fomidali-non-^ 

AMrcjnfr for highway pnrpnws ia usually ferted for gradation, qiiality. and dura¬ 
bility The Enuiatton is specified by the percent Bites p&Hsinit d^igimU-d Mieeii sum, 
the maximum akc imd dirtrihutioi. of si*™ depending upOfl the purjx^e for which the 
rtonc k to be used (sec Table lOK The quality of the a®Fe|talc w detenmm.d by nther 
the Ixis Angeles abrasion test ‘ « the Deval abrusinn u-st, Thi- pcf«rd d/ t«ar by 


\ ilmlt. Ai-TS,! PiU wd AASHO ™: C^lkltr 

TSs^'A'sr.'s.s {*5 •"«*»“”■ ** 

-ilh -kiejs- ldot«dm« “ ‘ “ 

^iaiSf pwJeeSji* Jidf and rtnatnl to. 400 rcrdluiMjia *t 30 lo 33 rpoi- 
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HIliMWAY iUTERIALS AND TE>BTli 


I'itfavr t«il i* tKi" wcighi thii: nwli'riAl [MSsinK the Nn. 12 iiiuvr ift^r but mulUpIk'd 
by 100 tutd tli%'kliHJ by ibc origiiml wi'ight. Umnit thi- I,™ AhuclM kft, n pcrwut of 
wVar frf ti..t «ver 511 i.-i romnicxily iiiH rifitnl for bju^. rciirw ftKun jsiK^i, &nil not o^vr 10 
for AurTacc rmitsiu. In biluminouii u^in* hunl btUKh imprecJi. 35 pcrcint 

Ui KfUTiiiMl for bfn*** emir*??! ainl 25 pcm'di for surf ftp™, t-wiig ibi- IX-viil a pirrmrnt 
of W(»r of n*ii owr 5 b> Hperificd for 1>* tbT ktjmIi'# itf bH.*itr-r!>iii>*' .■dotir: 3 to 5 pewni for 
b#» courses in liittinMnous nwnufatn Anil noi over 3 pcfccnt for surface nsursw. 

The dunibilitv cif nioius (or fcravcd, i.e.. its n-sietanw lo weatbi-rinp;. may be deter- 
by thr* BiKlluni FuUaie soundm-ss test»in which ft s«np1c 'is suinnitti-d to alternau; 
cyeli'S of saturation in Mirliuu Hulfaii- (or nwtPMfium sulfatt*> urdutiuii jind drying m 
Aj] own At l(J6" to 110"C. Ill gennuil trrnw. ihi- "Itws'’ is the wewliltid pereentJigi.- 
t>y wriKht of thi- piirticli!? ptuuiitiy from oho Mcvp I'iif to the nnst SHiftller sist jis tlw' result 
of tlu> U'St. Dumhilitv M soiAi timtfs mtiasunL'd by altermito cycles of fifeimg awl 
thawing.* A common n.<iiiiiremuni for ngKit-ipiles i* thut the las# s^U not 

exceed IS iKTOmt for five cycles of the sodium sulfatu test, or nftcr 50 cyelE# of frw*ni* 
and thawing. For proportioning biluminoin* concniie and port land ceiwnt concrete 
mutlutve ib«‘ siwcilic gravity of agEtugoteR must bo dL'tonmned * 

BitunuBDUs materials* uw-ii in highway coni-tnicliiMt an' asphalt and tar. itw 
principal source of asphalt i# from the disrillution of asphaltic-haac pclnileum. Asphalt 


uUt<t i& A k.t{ (if iTFP-'VEi whijrb nuuii eoflfonn to -oew uf five iinfciB™ unmif!*_. 

Tt w *nd 

AS^l CIStT PL .Lr4jH,h«l liii* ttirt ^SiTM I Mmnif* «£ 

*TTie Wtowinff ^ (rcttiiwitl} E[i«i*mp*iuPil by their 

denv«livM, wlurh bkay P* i.h«TiLrtij-fiaetl bv the urw^intt srf bitunien, ur <»?■ 

dumiaUt Briywtiiffa. .* mJriJSmu A Miirtiiiiwb tebilitr *loli«l*» a( 

fran wWrh buiimm cm 1» Uc"™*- ... i ailiLUlerinbules*f »*Krorol*n 

b4liamui(w>piAii]rulin wH^t JSSS^Pelrtifeuiii ur Xmr iriiilim which \ivtv^ 

ULiiMniu* fcilulhffl IW » IhmumJ bnumiUKWi Uiiukl, (i*«l fpf Kirit^iinE M- 

b«n bi™!«l with cliifllUlnB Fi^ IcJ 

2S^ IJ # 'F/. uhiiEif B \vv4 o£ llW K lor a wc ^ n?it^rfia£ji, TWw lUfTOIE d 

dtllieff a. tCAd oF 5C B »puhed for 1 •«. pE fu^ j uni IriOPv xhaii lU. A cIetI; 

^cirwtjM^ at 2^*^ t.7v“Fs, linder e wpubieijcy. ui which 

fifowh 10 u r-iilust Ln rrfDin* wthJniNi. 

EtlluHilE mrai blrtUl^nE wliicfci Jl r^Ciirt M ^ nHWETL-d Ai t« ciUElitV BdiJ c4Msrl#t*ffley far diiwl 

or-oa. A Bauxl.ivr.aall.ioal tSXTl *1 i'-C in"FP rf Utw«„ 

UMV lEL ihm lliAnikf*£t5iriD- of ImmnuiwrfSB imVcttie r Ajirili^i uccUri^diB M mwAk m haturt. 

fi^k A riEliarally ocCTiirliilt Tij- rambKiMnti oT tlir bilqraen lii tartK^HItEUI. 

whlrf. .rr nriubh. in c-rt™. 

]L#lhj4fflkRi [H^jctiarEJi, £ikallli«*. Thei raniuuftenlE at tljr hiliinitfi Iti l>Hrcileui!:il, 

dbulfid. l»fc >cputuM> in "blril sre «lahfc m rartM, 

Frinra4f>i|ift IM^xIurlj. fciinlUhM, HiuWII blMCk liilu hfcllWFlW rhfllrti*J. ^e\\vd dp Kiiiiv 

dbiiLfidu bill iuKtiuli-lr bi teLr^McHHdo. r^- obt*Mie4 M hi iLif 

m r^HiEiEtmry. bl whtrb ibe PMlct whirh 

dewtrucUv* dul4llpl>aD ^ tar tir Ewntllir^^^' ihp HeEln»rtiVii i(i#itilJBtKin of 

■ubilEntiBl qiiltilicini pilell whni ^lill^. ^ rettirt* kti the itmnuiarHIra tif Ulil-*- 

InUialbs Sw Jwxu bituhllllOW Sim ^ TiuS nn)dNi«i b>' fttflciA* oU VSfWfi U li>cb 

j3iEiLurv(Mrr Erf mkr from triliJli4n^ ^ fnrtik wmttr kiy exTqKirpMwJra vw dlKtil- 

t«nititriiiurt» in tJw JiiAhutPirtura iiF J*"’. - ^ ^cjii*iiitKia%‘! w e pra^lnif t [irodticed by Bmwn -nir 

Ifllhm whirh. b rtMillnu^ ilMjk^Ksim ■oli^nfuiWl-lltimiJi livUwhich ETHdllmfly 

mdiPMIIk ^ilK 1.1 dJulll El*.. ff^^ElK^ration nt fffc-tidSD*i diK^FEtiiMV 

litlllciy 1*lic#i Ifcfflttwl EfiJ whwii fljT y_ArMTid bl thf^ Lmtiftl woc-ayi dT dt^tiJlEtlQn Uid 

□r tEfr iSCnflifkH-PTUt A p'tc-h OmilMr niEKtn- whwh !■ iii«IlllWe idi i-mihon dinil&iB. 

TiUHMlt iuiHW, ft^r* EihiiiCril ctuLTBClcrtitiCi of hltMEiiiJWHl# 

A'cE-noi !rwi|rfritfii##, Ai Obt*- . # *wii.nLf inmiur oi ibe widuirfl CtsVc f^htfltintJ Upoa IruniinK 

iLVdiMr^ t?l®dMrlE UI P. HEdrS.t!nJ3le vwtirjiliy rrfii.ir*t» B m^Utr 

Ilf E biluniiDuua blAlTf^ (W ^ WAiai- iJliie a.nd tEir Lwrti(LLEi*. WIieW Uie romlilSnu# of M 

a’jref’,St.rit tsrj'.'-Kffis.'-.^SS'“.S.1. , 3 .«.. ^ 

Eiiwdint at lb. JalMteriEl tJlfWJBt » 1*™ 
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RAiLWAYi HfOHWAV, AND AtRPUDT ENOINSGRtN'G 

him occurs in natijiv In suifAcn^ 4'h^pci^t^ flakr n^^phuk). and iiT>piT|rnati*d in j^orotia roek 
(rock Asphalt). Trt^ An prwluccd ^ by-producl# in tin* nmnufacturc cl li^aminatinn 
gfl*, coke, Btnd carbureted abater gius. 

Icnportant prcpertiefi of bituminous road matcriaL= are ffpecific gravity for wi*jg!it' 
volume convemunfl, censMteuey at dlferont ternpi'raturvA, dbitillatea pn^nt in lirtuid 
proilucL*, teTnp<.^rnture of ignition (fiasb point), and bitumen eoutt-nt. Tbt'w* prop^rticA 
nro y£uitif]i>d by standard l<»ta of the A]STM and AA-HHOJ ScmL^lid and Fialid oppbidfcs 
cenienMi} and hi^vier tans twimn beating lo becorcn* liquid. The asphalt 
cemotila are graded accortii&g to the pq^etratinn tost, and tbi; heavier Ure by the 
float OtlkT bituniiuoua pnaiucle include suifieiL<£it Jigbier dipdilltiti;^ to render 

thtun liquid at ordinary tompenkturtfl or with moderate hi*aling. Tbeee inalerialjf att* 
graiio<| priiTuirily by visetKiity. Permanence and duldiiy of materlala aro con- 

irollcd by the amount and nature of tbe diatillatc^ pt^>at'nl. Liquid BaphalUc road 
maEiidaU are divided into cLaaiaea d«p(.'niting upon the degn^e of hardeuLug or neniEntt- 
tiouHiieitf which is ultimately ikwErod in fhe roitd and the rapidity with which it is de¬ 
veloped, Thi.' three claswcai an? de^gnated as flow-curing SC, medium-euring MC, 
and rnpid-euring RC. The SC inflierkls euntaLu uonvoIaEile oils. They harden very 
slowly and develop low ci-nientiiig valuofl. ^fC and RC produel a are cuthaclui, ttn? 
Bolvent Iwing kerosene for MC and gaWline for EC. Those cure or hardon through 


Taulz 1L SeuciraATJONs roa Aa^UALt CuitEKTfe—T he Aspiult iNj^rmrE 


Cliarneteristira 

Paving eenuenta 

CrRneral TefiulrerueiiLH. __... 

The asphidt almll l>e propamJ by the 
reHiuog tif petrolEUiU- H ihal] be 
iniihirm in obiiracter and shall not 
Joam when heated to 

FLofih pdnt (Cleveland open oup}| "F. . .. 

■150+ ] 

1 ■iM+ 

350+ 


Peneiralioii gra- 

(Jea 

Penetration, 7T”Fp lEXI gp 5 see 

40-50 

50-h0 

60-70 

7I>-S5 

S5-100 

1 100-120 
i2tF-m 
150-200 

300-300 

on healing S hr, percent 

FenetTaliun after losa on b^ntEng! 

T7*Fp lUO g, 5 ACCp percent of original ...... 

Ehiotilitv 77*Fp cm.... 

1- 

70-h 
iOO-h 
m.5+ 
275'*-325^ 

2- 

70-1- 
150 + 

276*-32n» 

2- 

tlOH- 

IJU.5+ 

Solubility lu rnrboo letfaehhiride, percent. 

Mixing temperature, “F. . 


Wurldjia t^EJcnturM for lo 


the lows of the volatiLe solventfl, leaving in pbec a remtluo of H*miiKilid usplmlt. Each 
rlttfls Is furthtr subdivided into viwnfcity gmdea 0 to 5, the *ero grade being quite fluid 
anii ihc 5 grade very idflcous. 


I SUyadmrf 14.1* fcit bilLa^^ ^ AABHO T43; «^Mbienry 

by muptrinDD tort ASl 11 D* Ahd AASIHfl T-W, B^'botl-yq rol Vi^cam\.ly Itif Ufjlioj^^ ASTkl USS vA 
AA^rit) TTiE. Itv vwmjaity for Lan TM. by flcwi |fH| .15TM DtSO AA^IIO TSOs 

*AricfMnj[ tviiU ^TM uid AASflO TATI; LliM'tllily ABTM D| 13 aueE AAAHfJ T-aJ: Suh uriht ASq*!! 
DfiS uiia Dal, AA^ilU T4», TiS?, And T73: irukiiiliuUaEi A&TM tKl ud AA^itD TilTi dktitlBtKn tUnl 
A3TM CKra juiqL AA^m CwieWt ci^Ebukil AWVM auU AAFflQ T7»- imt foj bEimnsn 
■uliLbility Ln whon daulAd* ASTM P4 und AABfKI T44| Hlubjlity m carboci t«mcb]orid» AffTlf Dt4^ 
W aJ^HO T 4 il: watAj Atid mtdUmittii ABTAJ DgO mud AABUQ T&. iwwbjo™ ukw 


















HIGHWAY MATERIALS AND TESTS 


2-S3 


AAphAlt frtfty be rendmd t^sRipomnly liquid by emul^Mearian with wmter in the 
prmncv) of aji tmuliifi^ing Mf a aoo-py tUituivL After I he emulfiQii b) applkd to 

ibc TOftd, it ^^brcikif," the waUt wparntcMi fruin the asphalt aocI evApomteH or 
ruiw off, laftvjog tbi! ospbait cement on the Three types of cmubdoiw Ate 

availuhle: mpid-^seltiti|t mcHtiumH^^ttini And alownserting SS, The itS emuLdao 
10 ueed for iurfRcc tcTAtineftt^ when no niAnipuhiLlop of the ug^regate is requiivd. Thp 
MS and SS pmdurts aip used where there is nmnJpuhiiioti of eoar^e Aggregate anil of 
wt^l-^srsdetl aggr^.^gates, rwipeelivrly,^ Spceihcatinns fof aspballie products are given 
in Tahlcfl 11 to IS^ and for tans in Tabtc Itt. The tans Ate graded from RT-I to RT-12 
necordiujC to Inerejising viiict)Mty 4 The RTCB produeta are eutbark tars Djwd primarily 
for patching mixture. 


Taple 12, Sj'EcincA noN& yoA SLow-ci"aiyo Apwialt MATEnnAtiB^—T h® Asphalt 

ISffimTUTt 


SpcdfleAtion ril'd gnat ion 


Cxetiqral requiremenL^... 

Flaah point (Cleveland open 

CUPjp ^F. --- -- 

Furol viaeodty at 77’Fp eee 
Furol viscoaity at l2£^Fp ser 
Furol vificosdty At IdO^Kp see 
FiltoI viscoaity at 180'^F, bm 
W ater, pisrcent.,, * ^ *.... 

IXfttilintion: 

Total distillAle to eaO^F. 
Float teat un reddue at 

.Asphalt reddue of 1EX3 peni*^ 
traiion, percent* 

I>uctilitv asphnlt rLddue at 

77“FV... 

Selulxlitv in earbon totra- 
chloridPT peJ^retit., + +».. - 
ApplieatEon temperAturt+i *F 
Typical usee (not part a| 
speci^CAtioref) 


SCMI 

&C-1 1 

1 S02 

SC.3 

xSCM 

I sc^a 



Tbc luat 

hIiaII 

be free fr< 

jm watw 

150+ 

150 + 

175+ 

200i- 

225 + 

2S0+ 

75-100i 







75-100 







100-200 

250-500 




i -k X 4- + V 

. . . 4 i *-. 1 


125-250 

;IOQHjOO 

bVs" 

0.5- 





Ifr-^O 

10-30 

5-25 

2-15 

10- 

5- 

15-100 

20-100 

25-100; 

50-125 

60-150 

75^200 

40+ 

50+ 

(50 + 

70+ 

75+ 

S0+ 

100 + 

100+ 

100+ 

100 + 

100+ 

100 + 

1M.5+ 

00.5+ 

00x5+ 

!til.5 + 

KP.5 + 

00.5 + 

: SO'l^ 

iO-200 

150-2Q0 

i 175-250 

175-250 

200-275 

Onat layer 

R^»[id mix 

QoJId-liiJd plant 



Denssp gmded 

miA 




jiggregale 

Dense pmdHj 





aggregate 


IJ^Undard \mtM And *fl^t mSivliiiiMiPi ASTAI PW AJid DS? 7 , ind AASMO TW 

■fid M HdL 























RAILWAY^ HIGHWAY, AND AIRPGRT ENGINEERING 


Table 13. Sfecjjficatio^^s vw M£i»il'u^l^bl\(i Ahi^haltic ^lAtEHJAt^—T he 

AbPJIaLT I^iSrTJTE’TE 


Spcdfi^ntioh doiiiKnhtiQD 

MC-0 

1 >fC*l 

1 MC-2 


! MC-I 

1 MC+5 

CipncnU rFfiuirRmrnlA.. , 


Thik inalfMnHl lihAll tu- friH^ fmrh m-Ali-r 


Fliiah paint (open Ta|,>t 
Fnml vucoiiitv At 77^1 \bcc. 

IOO+ 

73-100 

100+ 

73-130 

150 + 

1 130+ 

1 

150+ 

150 + 

Fun>i vwmqty at 122'’F, 
Furol viacosily at l-tO^FpSM, 
Fujnoi visGOfity lit l^^Fp h€«. 


100-200 

250-300 





125-250 






DiirtiHaU* Ipcirratit i^tldtaK 







dietnialo to tJiO^FH 
To437^F............. 

25 — 

20- 

10 — 

5 — 

0 

0 

30- 

Td500°F- 

-10-70 

25Hi5 

15-55 

■>-10 

30- 

Tft m^F ... 

ReEdduE^ from tlLstillatiim 

T3-513 

70-1)0 

CO-ST 

55-85 

46+80 

30-75 

to 6^*F: 

VEilumo pGrruiitp by dif- 







fmiurfl,,, K*..,. 

Teats OQ rcddue from distil- 

50 + 

B0+ 

’ 67+ 

73+ 

78 + 

82 + 

liitioD: 







PoaDlnitiou 77*Fj lOO g, 







5 see.,*..., 

120-300 

120-300 

120 30Q 

120-300 

120-300 

120-300 

Durtiliiy. 77T 

3oIu()ittty in cmbon tetm- 

100 + 

ioo+ 

100+ 

100 + 

I0G + 

IW + 

f;hbH[icp per«*m.... 

?m,a+ 

00.5 + 

00.5 + 

aoj+ 

lHi.5 + 

Et9.5+ 

Wurkinj; lomjivfaiuft', *F: 







fsnni'V'iniE . 

50-130 

SO-150 

100-200 

17o-2a0 

200-275 

225-275 

300-250 

Mixing-- 

50-120 

S0-J50 

loo-aoo 

150-2OD 

175-225 

TypieoJ uses (not pjirt of 


Prinier 


Culd-lnid plant mix 

BpGcifictttiocu) 



fk-al mill nad surfacF treatmeAt 




Ibwid mix 






CiAil paii^b 1 




^ K CiCfwmtiwt (if Ifttfcfalur \* iqim* tliu SOO mj\4 ilB i|L4?ti1ily Al TT^F k Ik ikwi 100, ihm hiMlftkJ pill 
lue pKcp^kiik II liB dugfilliiir mt OO^F ii lOO'h. 



























HIGHWAY MATERIATJi ANT) TESTS 




Tablb N. SrBi:r?itAnos‘« roB Aaphaltic MAtHBiAUs—T he 

Asphalt Is-fmrtrrE 


^pt!ciHoAtkD dc^Mgn^tlon 

KC-0 

HC-I 

1 110*2 

1 RC-3 

RC-4 

tiC-R 

FtA;«lip<»iil <;open 

, 7^150 

TIsc mati 

trihl ithult 

S0+ i 

be fr^ 

! m-t 

>m water 
8Q+ 

SQ + 

Ftiiol viflcofliiy al 77 ^ F, asc 
FutdI vwcwity Rt J22"F,as?<'. 
FurtjJ visocffiity at 140 “F* sec 
Fimil vijwuiHtv at ISO'^F, jwt. 

75-m 

100 200 

1250-500 

125-250 

3QO-GOO 

DiBtHlRtinn: 

Dt^illate (percent of tatnl 
dieitilLate to 080 ®F>: 

To 37+'"F_.. 

To 437'^F.. 

15+ 

55+ 

10+ 

rjO+ 

40+ 

. 25 + 

8+ i 

25+ 

To 50O*F.. . 

75+ 

70+ 

<13+ 1 

55 + 

40 + 

Toeoo^F.*,,,.._ 

yo+ 

B8 + 

81 + 

S3 + 

80 + 

70 + 

from ill^Ulotiuii 
to GSO^Fr 

VoliLino peri^nt by dif- 
Icrnnce.------- 

50+ 

flO + 

01 + 

73 + 

75 + 

82 + 

Teali PH residue fron diiftil- 
lation: 

Pwiotralioii T7*F^ 100 k, 
5 me. _ ___ ^. . 

80-120 

^120 

80 120 

80-120 

SO-120 

80-320 

IJuctility 77^F*___ - - 

100 + 

100+ 

100 + 

IDQ + 

JO0 + 

100 + 

^lubilky m earlKtn tetra- 
^ rhloHdi*, pL^ro^ot.... 

95).5+ 

im.5 + 

09.5+ 

0SI.5 + 

TO.5 + 

TO.5+ 

Workinj^ temperuture, ‘‘f : 

Spraying____ 

>lixiiig,^. 

50-120 


100-115 

150-200 

175-250 

200-27.1 

50-120 

S0-T2P 

80-150: 

125-175 

i 150-200 

175-225 

Typical uacH (tHil purl nf 
spccificntxOrtR) 

Cl 

[ijit and 
Hoad mh 

srface rri^i 
Crdi+tai 

tment 
ill jdnni 
ix 

Fenetra- 

tipii 

lUfle- 

adam 






























2-S(> RAILWAV, HIGHWAY, AND AIRPORT ENOXNEiaRINa 


Tabu: IS, SpKcinCATfosx Poft EMtumeo Asphalt—T ire A^vralt Ikatititt: 


S|h?ct£ic3itkpii 

Rapid setting 

Mniinm 

Betting 

Slow 

Setting 

RS-I 

RB-a 

a\IS-2 

SS-1 

Ti'ffts pn emubipn : 





ViwoatyA Sflybolt Furol: 





At 77^F, Btxi, ,, 

20-100 

w 4 t m J. 1, ^ 

100+ 

20-100 

At 


7o-m 



IlRHdciue by dbtillntktn^ per¬ 





cent. . . -...^ 

57-63 

02-60 


57-02 

Setllpment, 5dttys, pcircfiit^ 

3^ 

3- 

3- 

3^ 

Dcmulfibiliti*: 





3^ m] Df 0.02-V CaClj. 





percent... 


50 + 



50 ml of O-lO.V CnCIt 





percent 



30— 


fsteve test (retatnoii on Ncf. 





20 s, percent i 

0.10- 

OJO- 

0.10- 

0,10- 

Cemrnt-misinj? tKJtp perceiit.. 


. - ■ A I p. , 

* m m . n.M. , 

2.0- 

TesU on residue: 





Fenetmtion nt 77^F+ lOO 





■5 fifie *» + ►*,+ + + + + + + + + + + + 

100-200 

100-200 

100-200 

100-200 

Soluble in CS*, jpercenL h * * + 

97.5 + 

07,5+ 

07.5+ 

37,5+ 

rhietilitv ttt 77cm.. 

^0 + 

40 + 

40+ 

40+ 

Working tempemtui^^ ’F 

SpniyiDiE 50-140: mmne 50-140 

Typicttl UB€S fnDt pitrt of 

Hurfare treatment 

Plant muc— 

Plant mix— 

specifications^ 

Tack coat 

open 

dense 


PcDetfati'Cii] mucBdijim 

Ro^d mix 

Soil mix 


1 

1 

Ctild patch 























aOAn^ ANl> PAVEMENTS 
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Table lii, ^avdar& Speciiticatiox ton Taii for I^oad CoKioitrcTiox* 


fovl nqiliiniCBli ^AASiiOl 


Eackf. at 


TWBclr, 

AOT 

?P*^ ™™i^. EnllrfH ml 

MV 

>WtatBl3tT. .. 

FImI l«aht£0T. . 

Spidfir p^iio' *■ SV/2SV 
Tb4*i biiMim. mml b{f wRiJil 

WftlPTr pnvnl I17 inhilH. 

Tdikt d^UlM, p«tr**A t? 

T«7^V. 

ToSqoV. 

T&SMV. 

To27?V. 

TftJMV. . . 

Soflcniai podt <1^ ifHAtc. V . 
SdfnutM iadtt rwlbw ipm- 
bnj l. tcrijii 4ktillaliBii, 

^ vrighb 

3U'li»4MT r 

TjrtDCKt iiHi aut iH M i ^ ' - il tAQi^ 

pmtitffi E«r <»qI 

H)l ilMfifealiDa ;* 


Or^E^ ibitsam mkiinvB aLlAIrmUff^ — Ibdin4«l BMJlimun 


aT 4 I RTl I RTJ 1 RTH BT^ RT 4 HT-i RT^ 


5^ 


x.m-\r 

!»+ 

».o- 


S6.a- 

lA.a- 

30HV1 


».ft- 

Lt- 

Primr 


tD liS'F 


1-13 


l-ffl4 

83+ 


T-R- 


l£.0- 

#,0- 

XMD 


L&- 

1 I 4 M' 


}S-S 


1.W+ 

Ba+ 

S.fr- 


M.R- 

40.0- 

aMs 


as-a& 


l.i»+ 

M+ 

3,0- 


4.0- 


M.O- 

40.0" 

15-b5 


4 .0- 4.0- 

.0- l,S- 

IViiiii E^U atnd 

foKw U**t- 
BjQit. 90* ^4 

i«rr 


17-Jt 

LHH* 

SH- 

1.4“ 

o,a- 


3S.0- 

55-0- 

»-70 


L‘0-ID 


63+ 

l.fl" 


1S.0— 

35.0- 

u-7ia 


4,0- 4.0- 

1.4- LO- 

Lminhtet 
a&d i^rtd nui; 
M* IP ISO'F 


40-W 

1.12+ 

la+ 

1.0- 


1.0- 


20 - 0 - 

».0- 

36-7D 


fi-l» 

l,H+ 

?4+ 

O.Q 


J.D- 


15.0- 

10.0" 

3a^io 


BT-O 


130-300 

l.t4+ 

71+ 

0.0 


1 . 0 - 


IS.O- 

M.O- 

35-10 


InttiuMit. fouj mi 
prmntJH lod Mt EDfll; ] 60" 

U» 3S5T 



BT-IO 

RT4I 

RTia 

RTTfr^ 

HTCM 

Canalnrf: 

&P*fi6t iTiciaiity, Pi^kr, mV. 

*r.bE^HLtjr Cn^ld^i. iil .- - - 




17-34 

34-40 

. 

Htai at 541V. 

ml 25 .., 

1 dLaJ HritlUntli, ttftrtnl wHilvt 
ft'lkliT. TWTPnil hf tiqI^hii . 

JwjlbitM, hr wki^E: 

Tn ITtlV..,... 

Ta MOV. 

Tft235V.-.... . 

To3T0V. .. 

T&MOV.. .. 

SoR**w( paibt of V. V —. 

Tyipk^ K* and |fflj|i«Hi,tifm WaWO' 

nlW liBOt h;i4 

7il-]Hl 
1.15-1- 
T4 + 
0-0 

LO- 

Jfl.O- 
30. D- 
40-710 

papula ti 
tftiM'F 

lOO-IM 

1.10+ 
74+ 
0,0 

t.o- 

lO.O" 

30,0- 

llsJCfil pcwou 

m mM nv4 

lM-330 

l.lfr+ 

Tl-h 

O.D 

LO" 

ID.O- 

20.0- 

it, hJ 4»1, 

. £att: xjy 

l.(WH- 

S0+ 

l-fl- 

2.0-H-O 

4.0+ 

l.o-iB.a 

35.9- 

4fl-7U 

Suffiiei^ tlHlmr 

aEV^tkn mi 
BU' IM'F 

i-0*H- 

Mt 

1.0- 

3.D-B.0 

yo-h 

94.0- 

«hW 

tst m Uid. 

kvv-lr m pmUin 
bd qnkk 




ROADS ATTO PAVEMENTS 


Soil laTCstigBtiOfU. Tli(' sub^adc or fiMJiulilioii ia on impurt&ut Gli-mwiit. in Juffliwiijf 
ronHtructiDn. SubKrtJi' diifi'cla *fv fnjn- to result in p<Kir riding «ijrfa«e« and liigh 
mninleniuice cortn- A tborougJi ifurvey uf soil comiitionf should be miide in odvann- of 
roiwtruclioii, bbcb il is Lanier imd ehrapiT to cmrect tliew' (lea-Lt* kfort cxprnflive (avve- 
nu-filH ftTL' built. Test sampics shouid Ih> taJfen ultittg the line, particularly whi-iv poor 
nutigrode conditioivf appear prolialile, and field noli^s nmde of all conditions that may 
inHuLOCi’ soil la-lmviur and dminage rtKiuitT menui- Fw purposes of identification the 
Bun.-ciu of Public Rcwifs has devplojujd wsoll ela-Mificalion,' wtilch groups soils according 
to thud prdtialjle heliovior in bigliwiiy subgriulc There an- eight major closstA A-! U> 


(UMl&«LUrt« r(w OP- 3-13S mhd 3-140- SwI clM«&'#E«ini bw>4 vib j[rUltti44Mk «vd t4iXl1IK 
ia tHctiuEk -1, |iji. R-di. 
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15 


£ 

b- 

■E 


1 


i 

-S 

i 
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1 



a-sg 
























ROAI>S AND PAVFTMKNTS 


2-m 


A-R, from ituth-ripili thut nn^ prrHi^jninjiiitly Kimnabu tb‘ r^ihs 

jiTwl cLiyF. A-B fliw lj oricimic which w whisjly unKuitobb for Ftipportbp^ n 
hi^way, A fc»rtii of BPR cliUM^cnkfioni if fhown in Table 17. The un* 

fk'fined hy prrtpH^rtji^H, siiuilyi^Bp &nil limif te^tf perfomieJ cm that jiKirtioEi 

No. 4D 4eve. A p^np tin^lpji L« itielu^h'd for thi- firtiT, tnon<^ picket ld It if 
dcri^^ from L-nirMrien] hnmnla CjI ■ O.^a + O.OOSac + O.OlW, in whieh a m portion 
of pa^iuK No. 200 ttvvf grctttt'r than 35 fM'm'fit and not e^m^lini; 75 fw™?nt, 

iEtpn^yl a p«!«itive whole number (1 to 40l; 5 « ihac portion of piTri^cilu^* piL^inj; 
No. 200 Rcvc ipifmter than 15 and mrt 55 p^revtat, eipir^vH af a 

positive wholi^ nutidn-r U tn40», *; - tlkat piMlton of niitni'riettl liquid fiiitit (Ermtor than 
40 flji^l not exceeding 00, expresw^al nm a positive whok* nuinbt'F (I to 20}^ d ■ that portion 
of QumtTfm) plilft jetty index greater than 10 anil not exceeding ^0^ expressed as pofitive 
nuiiilH^r (L to 2t». 

The mulL^ of A Mjit anrvty an? frequi^ntly plulted cm the pmflle of ihi- propnf(ed road J 
The ja'VE'ral niraia of soil tinecmnlerml for a depth uf 5 or B ft below the p^Dpw^L^d grade 
lifLo are fhnrni by fjTnlMjIfl toisether with the miucitnum hetijlif of groLJiid-water Jeve! and 
drpth to k<lge. From a irturly of ihii^ pro5lc anEi other finld datap recommemlattona are 
made with rt#peet to I he depth of tucHe eourH'^ ami tb* lueaLions where sulMlrainjige Lh 
needed. 

Ill northern eHiiuiU'fl an important obit4?E of t-he sidi snrvey u to detect areas where the 
foil i# jnibjeci to frcwt brave,* In certain j<iity-clay aoiL*; (Gmup A-4, for extunplek leiwea 
of pun> ioe fmm ip I he soil at diffen^nt ili ptlu during tlur fnwtliii!! wajffm. Thtrscr layent 
ate furmr^i from water bruiii^iit up hy eapiUarity from the ttmtur table fgrou.nd'-water 
level), ,4s the ire len.^^ gn^w they push tlw upward, eausing the ht^ave. 

Whe n the ice melts in the spiiiig, ihi- E^uhgnuiLi becomes iniper^ttirnled, caLL-^li^jt crocking 
of concrete pAvements and the dLsIntegniiion of hiluminouff and grat'd sudacesf. To 
avoid frost heave, ade<iuiit<MlraiftHgi' nheuki instalJed to low'erthe kto-liillI wator, and, 
if at all potssiblo, thi.' froel-heave type of maieriid ehould tw" miqoved tn ihe depth of 
noriuaJ froat p^met ration luid replactd w'ith. gnmulaf luftterifll nnl inibjcct to iep fotma- 
tion. A lur^elitMiH-al njialysis is Ih? pritiripol method for deli'clmg froat-heavo aiatofial. 
Xonunifcirm soil with mon- tlnm 3 rw^roent shall 0.02-mm grain and uniform 
iod with more than 10 percent fint-r tluin 0.02 inni are usuatly subject to frost ht^ve. 
^iIIh with It'S® IhtiP I p^'rCL'tif 5irn?r than 0.02 mm an- fref from frost heaVi*^. 

Grading, FTighway k™bii« include.-t clearing aEii! grnhfcjing. furmiiig cuts and filU 
for Lk finished grBJ:it% togetliLf wilh i^xcavatioH and backfill fur diteheiH, trtnehea, tuh 
verts. bridfiv-s, imd iltaittagi? pipi*. ClenriTiB ineludb?s cultiug, removal, and dis¬ 

posal of treea and brush. Grtibbing mnaisls (if n-Eiioving stumps Euid roolE*. One price 
|jer acre ib usually paiEj for iimth items. L nrJiT low enibaiikrnenla l 3.5 ft or le*#) all 
s( umps actl rcHtts are removi*d [ for highnr Gl ts t are cut [kfr rlose to t be" ground. Rofiid 
tvav^ exca^Tilion h iisuatlv ehuwilit'd as rock" whirh ineludi'S solid rock that 

rt'quiros bhu^ting for it^ removal and dotat’hed iHJuldfrs ovi^r a specifiei:! Kwe fuBuaUy 
H cu yd); or ffirik cjcuitifwEi, w hirh inrlurii^ alt typts of ™iorbd not otherw^' i^peeifiwl. 
The unit of roL^a?*uu'men.t in the cublr yaui, and thu prici? p;ud iEietudes the excavation 
of materieJ itnd il^ disposal in fill# or in tithur dL.'sigoatvd anikS. In some contnwts the 
exravalioji is unelEissificcL t^>veiT4l by h single unit piicr. ix^pantte cl&HRficatiouB 
may be used for ^pcTtRl ty p's of esra vat ion* such ar t reneh, britige^ chmuieS changCp and 
(n'jit. When tnorc embankfia'iil materiat needed than is avaiinbk* from mtSp the 
aElflitional matorial is eliuiFified as earth or ordinarj' hartint hJifl pahi for hy cubic yard. 
Othir types of iKirrow an growl for base coyr^ic s, stone nr grovel for iiar kfillini; draiiw or 
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ivaJlfl, tmd for landU=«'^|iinfi. KiehnAy fri'qiirnily tlo not Bpecify M^pitra.li- 

pA>incnt for hjiul the cost heinpi included in tin? unit price of p)t<:at'^lion. Tn cotn 
tracts uvurliiiiil ia ptiid for hoyohd m fipcoilicd timit ^i-uth &£ 1.000 ft). Tint unit ii? usually 
the yjird-fftatiuii, or 1 mi yd hsiuh^ IQO ft; pqmetitnLHrt the ymrd-mjlo k used. An itpin of 
fine per yard m»y ht included to oovor thi;- himl shflpii 4 s of ifubgrade and 

tfhoiddere, Typienl bid quantitiw on M^hway pfTojt^ctfi arc tpwn an p- 2-121. 

Controt of ^ttlement of Embankmeotfi. An important coimdcmtiDn tn pliteini orn- 
hanktiiL-nt^ i? to runipajirt them suffieipully ta avoid siibaijqiiont a?ttlement with resulting 
[Hivempnt failuivB nnJ cosftly ^] 4 ^intf 1 Jlan[M^ Omnulftr matomJe, eand nnd i^vcl, uisually 
compact readily undi^r rolliog, alt hoti^h vihrat ion \» t inH-a dcBirabk. Fine matorkJH, 
particularly thiwe with ovtr 5S prrcnnt pA^ing a !^o. 200 mcr-b sieve^ require ipeoinl 
trpaLmpnt. For tbiwc floilis there ia an optinmin mniature content at which tbe pi^att^at 
denaiiy cati be obtflined for a pvDia compAeiivo efTorl. A t4?Ht procedurep known a^ the 
“Proctor methodp*" ie to determine the Dptimiiin niuiatujv conlent for maaimum 
density of a i$oil when compoeted in a Hs cylindriotl mold UJider presenbed c^mdl- 
liona of compactionJ Speetficalians requim that soil in Mh be compacted to B5, or 
100 pcrHjnt of imudmum dry density found by testp depemilng upon height of filie and 
nature of anil (see Table 18)^ 

The requiTL'd coinpBction cmi be obtained by spreading tbe Sill in tMn layers of b to 
S in.p ketiping I he jnouftim? content near thi' optimuju by sprinkling or drying as needed, 
and mlbng with special equipment, auch m rubber-tired rollera nr aheepVfool rollen*. 
The latter liave blunt prunjipiLwhich penetrate the loose fill andcompael it fraui thi' btHtam 
up, and arc well ndapti^d for rtimpaotlng elayoy-type aoila. The compaction charsc^ 
teristioi of BPR mA\ claKaeis are (pven in Table 18. 
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Shrinkagen Swells and Bubsidenoc- liVheii earth i& excavated, it at. first li^H-aieu;^ Ices 
dense (or awells), but lati'r when compaektl in the fill it iwupie?* sparo than in I he 
uriginttl fltAttr. The diffemnee in vciIuhhj is called ^ftrintupr and U often expteiseed as a 
per«ntagi‘ of the nrisittiil voluim'- Shrinkngt- variefl for different materials and for 


Ik Xht I'Tiicior t!F “itJMMl«rd' Lhi tAiST.Sf PASS md lT»i tlui Hiil i» in t4a* 

mfiLd Ltj lawe mju*! bciiii by Uevt iid li «itb ■ 2.w-^i«nr[rr f 

wMwhkar S.A 18 ud ilropid f«°» * hn^t crf I ft. In Hfcadifi«l AAbHO t«l. uotd ^troiiviJy in 
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J>rQ«ilun» Up«t in OuMtJueihm <sf f j^itiwiikniEiit*. w H^dM. Fk^niltH± on 
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diiftwnt iiufthoile of ninpAeiiaii. The u*ua,l limits art* belWMM) ID and 20 pcMi-Dt. ll 
ran lie <letrrpiiiu*d prerwely hy irmLing Jeniiity tif eut matt*niiia in their 

n&tuml slat*? and eoidparing thi'm «ilh deiwitH* in the impacted fill. Mhen rark is 
GseavatciJ it *irriis from 25 t* 40 perront. Ill makinK estimates for balancing mis and 
fills^ allowanct? must be tuiuk* for both shrinhaBe and awell. 

When hlL* nro placed on noft grnund such as murk or peat, *ubmteatt occurs, i,®., ihe 
(ill eetllwi holow Ilk- original ipiiufid k-wl iw its weight eonsultJatcs or diaplaM a ponion 
of Ih*' soft material krkiw. Minor fttids ani soHietiniia “floaltd" on ptat hj- ptarifig 
them on a tiial <jf logs or implings- Widened fill* wiih flat ride ate stiiiwtinies 

construeted to rrntmin the l&U*ral ilLsidawinent of the ikat. On ini^cir hiKhwaji*, ps'tii 
depo*ita should, wivro poeisible, be aeoidetl in ttication. If this i* iinpnuTtiftifali*i the 
plat should lie Temovcd and H'plaod with granutitr ninterial- Shallow ileptdats are com- 
munly eacavatetl with craniti uring danishell- or dnigline'lyp*' buckets. Dci>pcr de- 
poril* are soiueliimii diepland by biasting.' The fill material Ls ptaci’il oeor the peat 
and ehnrge* net off Ln the peat undenieatb. The disfurbetl p*at i# foreed out partly by 
tbi- force of the blast and partly by the weight of ihe fill on top. The proccw Ls repeatid 
until the bottom of ihe new fill rests on wild foundation. droit*** an* romi'liMw 

used to facilitate consolidation of iioft material. A lilnnket of sand is plattd over t ' 
p^at or muck, Hollow pi It' easingti an* driven through this blanket into the sofi maturta , 
rl<muil out, filled with coan-i* rand, and then removid- The fill e* built up reverol fei t 
abow' final grade rauring a surcharge load which forces poiv ii'uter fnuu the wft mateti 
into sand columns anti out inlo the sand Wanket. When «ift mai.'rial but eon..a:lidattd 
to adrnsity at which it can Fupjfiri the surcharw* and fill without approanbleretllemimt, 
t he stirrhargc is lemoveil and the surfaco placed. 

Gmding MethmU. The rite i# cleansi of the larger tree* which an* cut into eonvnuent 
lengths for tllsposal. Bulldosurs arc used for light tlearing. for pusMiig^la anfl sbmtr- 
Irery into pil« for burning, and for rotnoviug underinibli- topssdi. PIowti nr nuitew 
loosen the soil and dig out rools. TractorKlrowu and powereil scropers ^th cutting 
edp?* and howl* for cattying '‘orth are i*ell adnpuri for making rut* and fills w hen* the 
tiBuls are not great and the soil is free uf laige rocks and easy to *tig. T^-^- scrapon* eul, 
haul, dump, and spreari in one ryeic of optraMon. In -hep cut* aud harder digging, 
power shovel* are used, the usual buctcl rir** rouging from ^ to 2 cu yd caj^city. 
rihnvelH Iliad into trucks or into larger traelorKlrawn wagwii*, which transport the nin- 
lerial to it* place in fills wliere it is spread by hulldowro. Coniiiaciion u ubca.™-d untkr 
the ireadB of the eartb-handting equipment and by the use of slua*p'*.foot and rubbt r- 
tired rolirre. The final surface gnHhng is dimi* with blade groilero, Hoo-type sbove!* 
and ditch diggero are used for in-neh escavation, and «lanMihi?lt or orange-pi'cl bucket 

for bridi^v anJ L'xcavjition, . , - . n i 

Aurffir? aitd draiiuiK^; k'SAnt ar n a a ii bu^ 

gnule. Mont soil* offer gnwsi support when n lalLvely *lry, but ui^y uiid defoiro 

in the ph«ii*n' nf ewe« moisture, ‘^•‘rfnee riroroufrs i* Hpconiplisbcd by crowning tla* 
roadway and sloping the shtml.iers to side ditches or gutn'ro. >urfai5i' ruimlT from ajl- 
juivnt lanil* is uLso gathered in thw ditches. In higli eui*. *litelies am provided at ihc 
top of slope to int*™ipt surface flow and to prevent excesniv*? e^on uf ihe cut facvv 
These ditehwi are led into natural water ewtses or int*> paved channels bniughl down 
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thi- uf thl- 'PUt- On high fi]b=, n. iK^rm kt« rt7inim>k]]y hkulL ihi' I'di^ of l.lir fill li> 

ItLtip ifyrfdfe How on ihff top of tb<‘ l•n^baIll^.^:H!Ol PJtCwpl at jioiinjs whi«n! jmvi'd cimaiispb 
aiv provided to ntJiy iho flow down the omhapScmeiii tSidp ditetww drain into 

tiBlLird BtroMJtL cfo^nKR or into inletji n jtb pipt^ outlots tn th*- lowTr ulnpca. Culv^frts 
BtTP providod for cross drainage at low points in ibF.- ground profile. On imporlmLt nitfuls, 
tihaJIuw tliteh stfetious are used with frequent outletj*, Diteh sect lens and tops of slopes 
lue iijniidly rtmndLd with vertical eimre*. This reduecaa ercriioD, faeilitates plant ing of 
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K][i. ll*J. UrjuiiiMge iTacUitLBftun iiideh-hill toeMtlun. 


slopes, and improves, the appeamnee of the rojid^dev In bull E-up areas, ^lawd ^tters 
fuv pmvldtd at the outer edges uf the piiv-tunent; ihese drain into catch basin.^ with pipe 
oullets into Ftonn sewer systenir (Ste -Section 9 for design of slonn m-wum.) ^^ide^wsJks 
BJi- Ftopid obfiut '2 pere^^n t from thi- pmp<*rty lim^ to the curb I Fig. 45 1 , 

Svbsur/ofx drai'noffr is rieeded whiTt' the ground-water level is likeiy to be near the 
Hurfaev at any time. At Inraiions, iniereepting draieks an- eoiistruetod Under the 
shoulders to lower the ground-wmt^^r level and keep moiatuie from leaching the sahgnide. 



Flo. -iD. Drainaiie in tlLTdrclxh CUL Fair 41. Drainage tM lower iroUntl wntj^it in 

luw areaa. 


In sails subject to eapillarity the water hvv} ahould 1 h‘ 4 to 6 ft Ewdaw the surfao^ tn pnv 
venl the riM-^ of moisture into the sabj^^nuii^ by rapi1lar>' artiern. Side drains are toTnehiss 
harkhllerl with porous msti^riid, sljrh m gravr-l op grarlcfl broken Htone, with Wl opcip- 
jtKiit of |M-fffFniteti pipt' thi' l>ottom to ciilli>rt the flow. Clay pt\w wdth opiiri jointa 
or pi-rftiratkons. or fn-rforateiJ corktigalid-nH-tal |jkp<« b cnmnionly Ui4?d- The tup of the 
tmnch is Ht'akd with impt^rvieus soil, such us a compacti-fi loant elaVt to k^vp surface 
water out of the drain- Th*^ liaekfll should W a widl-gracletE gravel or btukcti stone. 
It ^hauEJ be frct‘ of fiiuaSp bnt nut so coarst- puh to allow the tA :dlt through the voids 

in the Iwckfill whi-rv it wall enter tin- pipe and cuust- duggEnH.t Where the drain is to 
carry Htorni water as Welt AS sfepagCt t'r where the sumiutiding imijl hf silty, the porfom- 
tiuns ufv placed **up,*^ and ihc pipe rmfwddt'd in impi rvious tnaU-ryd- ttlienif no surfaav^ 

^ CTk'icEtiijr HiLurtle. ka IFndf<fdriuiuiL Mur. t;S|. 104^. AImi LlnahpIriiaE PraiTtice of tiM 

C<S1-arS'l4nil IliKbwmj- t><>evl±iH!EiU //ifIkCdV J^Ddni fVoe, 24li| Abb^ JtfHftnr-, eii. 
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flow i!< knit ihi' *o\] in ii«l riHy. «h«- liulw ah- placed ‘Mowft. and thi- pipe «n^ 

rKxldwl ill peniuu# iFiK V2l Typieitl Wilitk* for and fulwiirfaet' 

dndwMpv ot. ma- »bown In Fi*, 3(1. In f4U. wfere pbn^^ run 

lu«ltilii.lin»lly y.Hh the r^wny. mJc dmiiL* kn.‘ eine.truft<^ ciu lurfh llw ^ 

(Kit 40). and lau-nd Unmrii dmiita ate placed under llic cenind i,nrtian of ihe r.mdl»^. 
u'hi'tc mHtW. In ftiit country wlam* Hu* jetuunci-water talili! w hi(tli, side drauji mn 
rtructed nn tK,lh «d*-w Will I.mvr the Rwuna water fFi«. 41.) In bw swunipy an-a. wheir 
luulelj.cannot n-adiJy bi- fimnd forddeduHna, and in aoili* that hold WHt<r liy cnpilLiinty 
(will not ilrtJn by prnivHy flowi, n Liver of p>nuuH mHltrljil \mi»l rmtWn, ot ^riLveJ) 
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tf — - ' pipe 

PcHwfl+ioofi 0o*n Perfisrflfiens TJ^ 

yui, 42. DeSoilrt Mf stide ilmifta, 

i^himld Ik- pla«)d under the pavement to intercept enpillary water, Thw porous laj^ir 
shniild fsiiend wtvik-r the shotdtlei^ to a fh-v witld nt the »ide drains nr in tin- fiiR. of ik’ 
fill, li is Rood ijon-’titv to provide such a foundation under nil pai'ernioitii, as shown ui 
Fig 39. Whew porous niatetiids aro acnrrt*. the width uf base may bi' narrowetl to n 
Ui tle mote than the pavement width, ami ponHie outlet^ sometiinw called ‘bfettJer 
dniinji,'* providisj at low piints in the (irofile to iitevenl puinlinif of water in llu^ bit-^f. 
Subtindnage is «.»ua!1v' nn( ncedi.d in citiiit iHHmuse the water Imd is kept down hy 
adjaront bart-tmni-floor levels. In n.sidential districts, however, swbdramage of tin* 
tva^ mi-titicniiiiiMj jifcM>vi^ luisy iw> do^inibl^?. ,. 1 . ^ , 

' DrHii]&£e Structures, Tbf iirett of wiiterway cpeiiln^ * ilt-ijendji uptm to ju^ 

hnnilli'd at imncimujn ronolf. This may Is- eomputwl by tb. nttionnl fonnuln e*pjmpt;ii 
in 

wbirb i 

ifi ft cMuffieloni; dvpoDdin» ii|>on ^ r 

topiwaphv aro l.Oll for mouiKains, 0.89 to 0.(P) for hilly, O SO to 0,40 for rolling, and 
0,30 to 0.20 for Ihit land- An ewMiduatiim of vKistini; opeidngK, if any. iU iietuty sitiw 
in alnn vuiiiidile in det e raiiniiiit the site of opeiii ng requin-d. A study ;»f t b- i-t n Hm iTtw- 
ins should be nuide to deecrmiiu' the best location and b)ir!m id cniwiug. ami lb- ailvisa- 
bUily i*f roodifyitiR the Slroam channel to irfilwu the U.WI niisnmeiu <ji tb‘ bndgi' ur 

fiylvu'-rt. , . ., 

f^ipc eulvrrl^ ’ Ate t'uiiitiiopdv usL'd for nnuitl op'riitig* rop to 20 sq ft or tk) in. <lianieti’r>: 
multiple pilxrt With roMUtwn hendtndb may I* u.-ed for lareer arwa, ficis^rrcd^iJfrtfc 
pipe is made in d««n-‘(vfH from 12 It. IDS in., usually in Inyitig ienRiheuf 4 ft with b<>l|- 
and*Hpip>t or flat hub ai»l spigot ends, rttsf-irun rofrorl ;i.y may be nblaimd in dinTtii'. 

.»e* MlWl n^iroar, ASTM 

c;oL7dW."M w...j/- io,w«l,„,. 

M-ai fut ^ 


9. An apiircximritiniL nfcftV be Sift-il Tmlliot 3 fonnuia rt = ^ v i 
hirb u !3 tht' ftri'ft of op. nlujc in Piiiiire ft>er, A is itnuim^r ftM-n in Jirrt rtnU C 

A raw-ffieiont di^dvodinie niton chftmiztcr cf srviL Iftlu.*# Tor f fur 
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tere up to T2 in.; tbn common range ti J2 to 4S in. tWnjKr/ed-infJui pipe dulvctt^ hnvK 
oomieatioiu apucrd nljout 2hi in. apart ttnd 34 Jn- tJet'pj nictai u No, ifi for S 



Fio- 43- KcluJwolJ for pipe cyiirert, <« DtparimrHS □/‘/'uMu 
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U% 21 in., Xo. N for 24 and 30 In., No. 12 fer 3^ in 3H in., No. 10 for m ariid 72 in. ahiJ 
No. H for ^ in. diaoinlw. To prolong life, the invert aectJnn^ nr somutmiiy? the enttre 
p\^M\ lit iu<ptuiltH:oiit4!d- PerForatod dcrjgEui nje avajlfihle for iiMf ^tub^lraijiji. 
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Htadicaihfirr f V/urrfa. Figuo* 43 nhfms a iyi*.- in wMek the headwiill ia tHimJh’I 

to ttmUi-T Eine iil embank nju-nt mud iHtrth fili fnrmj a cone about the emii. Fifcuit^ 44 
hriwlwaj] with win^ flaniti nl 45=^ with axia of pipt^ Thii h uwyi with large- 

diameter pipe*. 
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Fia. 44, HpttdwBlJ Biyd vrineH for irSjw <nilif(»rt 
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Box Vidvi^U. Btiiiforccd crtiicri?te host culviirt* are cnmiiuiiJ y med for wfltori^iay 
BURS i-^c^Fodin^ 12 to Ifi m\ ft. Tbe lypo may iwi-tl up tu 12 by 12 ft, iilrhnu(;h ttt^ii 
ho^cee ffre freqiipiitly buLU iTUTt«*ftd of oiir ftox for iha laJ^Etf Arti^ cii£prrf^ an^ soim^ 

limr* for up to 2^ ft and waR^rway ofTtiinpcs up to 300 tiq ft. ^tah-iop Mn- 



lE 

jw/ Tr^/Tv^ " 


^ J-Jbrm 




Kio. -13. Urlitm rrcM» Bwtion ftl satHi Wifi. 


forrcd tancnati^ culverts ari* often twed for ppoiij* from 10 to 20 ft. For ipiL^utGr 
T'bcAin bii 4 cctomtlt? UerL-|tSi^er jipAiiA may Ije Slructuri‘?( willi Kpauii over 20 ft 

ttn^ usually ebuiMrd n.^ -IwidRes.'* * ?^tato hiKhway departmi'jits hm^ fitaudanl plikna for 
eulverta ufid tmall bridpa w iiirh are iwed wherever pruelicabte. Calch hn^ntt ^ ui- 
vtailed In ipitter sectioRH to collect wirfoce wutL'r from the street and j^dewaJk (Fip 45.1- 
1 'Htaiwiafd Piaiii ter HMiWiy IVridfr i^pBn^ntn^rmr &urs*u rf PublK ttwda. ^TmiUliV fmm 

SupftrililJSIldjrat of DtJcuoaifita, CrOWieriunirtil Pnatllll OmuB. 













































2-t)C RAILWAY* HKjHWAY, AND AIUPOtTI' ENGINEEICING 

Tbf pipt.' \» loeatt^d aht^w Ihf* Iwjtlom of thu atnipture rrcjiljui; ^ iimiin in which 

wH and debris an- nnij^it bufuri,^ entering the pipi^ Periodic cluoji^uttf are n^iuiivd. 

Un^uxfaccd Isolds. Many milcis oi rtirmi rcuuiis an* of natiinil I'^ajlb with little or no 
imprnvcjiK'nL Hiem.- Am maintained in liimbtL' eunilitkin by oceisjiuiial bltulinf^ niul by 
building up soft spolK with cfuth or gravel (Fig. -jda)* The condition of fueh mada 
pcndu on thr niitiLn-^ of the smil and the cfTettivetiea& of drMO&il^. Wht^re the njitumt soil 
is gnivelly or sand with some day^ the flurfnee will be fairly alable; in silty €t clay sDik. 
the surfaci? will be muddy during mlna ami dry om into niu at ottw-rtimM. 
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if) Eorttl 5roded Oird Drained 
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(f I Fia1?7err£dlgC Sfitfi'Ort^SiffHd- Cfoy, Gmv^J or Siahj rii4fd 




Low ffffs. 



fi 

1 ■ '^Tf. .'. w'i.'.'.. 


r"- ^ 

^ IT-;™ 

|f )i Trench Section-Srnv^ijStpbi^^edl.RoodorMocadam 

I’lo. 4 li. Crty^ scciIoda of twu-|imr loir- and uJiMiluiii-lrafle' mada. 


rnlrfoiai Surfm^jt. Tlw-JH- Am const meted of natural crushed «foni^ or 

slag, without bltuminuiip or ntbw aurfueing. Thi- surfaci^ ronsuti of an in- 

timnte mi^f urv oF saiwl arnl clay in About the prumirtmas uf 12 to JS peminl citty, $ to 15 
peri;eiil silt, anti 65 to^fl p^rcimt aand, U the iiatuml topsoil occum In ab^Puf thcee'ptiipor^ 
tiom^, It fall be usL-a for thesurfare; or play nia^v be added 1 n a sandiriHiil or sadeI to a day^iy 
«iil, Thu sand and clay are oin thi- nwidEad hy hainiwing anr! blading, oom^li- 

dated hy traffic or preferably by rolljni;^, And Almped wiih blade graders to a crowied mt- 
lion (Fig. -IliS). Qr^i vur/tirm are cormnnniy ustd for minor roailn where iiatuml gravel 
w plentiful. I'b* gmvi I is Fproad on the nubgnuie, cotnpaeicii by rolling or under irafhc, 
aiMl Wsihui to a crowned surface I Fig. 46b>. TV gravi-l may be planed in oim layer, but 
heiifT rwult# arc obtaiiu^.1 if pit-ruu gravel is uced in tk? base couim^ and a ecliTlcd 
gtavel for the surface (Fig- ¥^)r 8iaes up to 3 in. may bt usal in ik^ base. The top 
enursi-! nbiaikJ be Rravid umkr Lm, and contain in to 15 rw^rcent binifing 

makrial (paaidng 2CX)-3Tu#!h jau ve), fliirh a? iron oxide, limestone dmit. eke, or loatn. If 
a Jiatisfartciry himkr la not pn.^mt m the natural gravel, it may bi* bbtamed from another 
scviircc tmd miKed into the lop cutuae during ronjnruction. TV inirface cenme k 2 to 3 
UL thiek. and ik-: haw ci;iurvc i to IB ul ituck- Thick courses an? ic^uireil on soft sub¬ 
grades ami in pkci^ when- frost tunve k likidy to occur. TV- surface b malfitain^t by 
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■IrBRRina and hljMiitkg, Wht fi it WimM finish, it imy «cMnfi^4i and New 

grayvl i* needl'd (mm time to time lo jr-place ibat wtwilHfa away or blown away aa dusr. 
Gravel surfaces dusty nnd ufteti di'velup eijrinigftlioti-*^ and pi>lhok-#. These: cundi' 
tion? can be panly prevented by tlu> choice of a coheflive binder aa deneribed idKivi% by 
tttaiinK the surface with a lijihi nil to lny the dmrt. or by j^pritikliiiK it with caleium 
dhloride to keep the damp. Two or mnn' appbeaticine of Vj IIj pi.T sq yd are ri> 

quin-il per seiUH^n- Gravel roach form eKK-llent baja« for bituminneu- aurfflce trofttinoiilA 
ff Burfaa’ Ln^aunenta an- to be applied. & highly eoliesivl^ w»il himler h imde^irabhr Kiiirt' 
il Difty softemiig af riMd under tht treatnuMii due to an -letumtilalioji of capillary' 

piuij^urH- , 

ro^is uad boi»ej ■ aro otjulned by *’rtiibiltiu5g'^ surb imluntl nmtenaiN at* 

z^id-cUy pnisttLuvs and Rnivoh by cootrollmg tbeir Kmdaliun* Hmcmitt of binder 
mowture cootenl, and ihoroughne*? nf eompaetloti. Admisturei* an' Usually empliiy^wl 
to increaj^ and to retain ( he aiiibility obtaijied by thi-! abot'v eontroU- Natural graveh 
Etjv often lacking or ovembiindaiit in cehain sises. The Kra^Jing h ^irreeU'd in (he si abi- 
ILxing procefw by combining maTertah from different sourcics and iiilxing tbem I horoughl^' 
on the roadbed by harrowing and bhiAlIng^ or in nuThanical miatr?^ w hich travel along 
tla' roa/lway. Grading limita for Ptahtlw^'d miistures have lieeii ptanilaidii^'d by the 
AAisHO.* These are shown in Table 19. Tb^ liquid limit and thi' plaMticity inde^ 


Tabi^ 19. Ga^niNO KEgrinKMt:?™ Fon Soin^AUnnEisATE Mate:ju-^l3 ‘ 


Percentage by Wi ight pairing sqUiitt^ misb weveis 


25icve_ 

clezdguntiou 

GriiLiittg 

A 

GnLiliiLg 

B 

Grading 

C 

Gnnling 

D 

Gniding 

E 

1 1 radilig 

F 

^in. 

1-in. 

^-in. 

No. 4 

No, IP 
No. 40 
No. 200 

too 

iD-(iS 

15-tO 

8r-2(l 

2-8 

m 

7^93 

40'75 
3CM10 
2(M5 
15-50 
5-20 

lOD 

30'S3 
33-<i5 
25-50 
15-ao 
5-13 

too 

(50-100 

50-85 

40-70 

1 25-45 

10 25 

100 

55-100 

40-100 

20'50 

0-20 

lOO 

70 100 
55-100 
30-f0 
S-1i5 


I ffoapj. AA£.n<l Slinetjud for .VlalJcflllJi lot Soil-iiictfreiptli? IW mt\d 

Cl*KLtM*. Pwgnf-iJQo M Ur^. 


iiLR Na 200 Hknti wHua^i llOt hfl ICIttfUlJer thlli ULit Nft. 4U mrw. 

riTu-.iop ilkiU iiMVii lifmid Ikndr 25 *nd inclei bCtft ^ler 

ih^ ri Ajiv uul^Rii A lo F nmr be aj-weifrd Hor *ulil*jie hit Ism* kmiih hiaiifrial. pfrriHiUtfia 

lfa>t fettlxm \ny at C to F lri*y b« *Wififd luC ■uriftre-riMirw nuilcfUJ. W hrps ^ 

^ - li y«u> ^SUlimil WturainiJ*™ iUrfllO!' IwUiaEiiE, m llUWIClimi yf R pi^rnT 

OhI for ET^liut* C. D. or E, uid a tiiojoni'm]:! liqndl IhrLtl at knq h 


Any_,_ . 

■uribor in tu tw aFiRifltalaBil «v#r»ii 
iJAWiniE Nu. iftio ilsw plumla be »P«*IU- -- — ^ 

rJaaiJfJty inefeiT nmae ot 4 t*i n for C 


D, E. itr F. 


[tvn p. 2-B8 ) are aho a part of the Hpeciilicat Iotl^- The plafltiriiy index ip a nuiitfure of tlie 
cnheaive ipialitkts of the binder ttoil. Tti general, di nw graiiiKl mixtur^p Furh aa samd- 
clavp require a hjKhL^r pliwtseity index ihan the coarw-r mixtati-#. 1 jkewL’H* moR- eo- 
hesion Ls durable ui an uniRiiU*d surface ruarsi^ than in a Uvmt course wlih a bit arninoiec 
surface. The? upiier value of the liquid limit b that at whieJi Boftoning iimy lan-ijt. Ccmi^ 
nion ftdmistunts! appliciJ to stabllixctJ surfaet^ are caHum clilonde, liquid aspindta, tar?, 
and Portland ceunnt. The caleiuin chlutide. being Eli-liqUL-seent, ttbw>rh? ini>iiduro 


1 IlHda H *. Februmry, lfrl3. Ahli M-WtqnilUMW RuaAil 

tiimrd: alAO Inftirhurci oh ilabqliped tiy CljJorM? AMoriitJiiO, Aalllkftil IfwUtLite. Bamrll 

AUirtI and Dyr C^>np. uncf Po^hI Cti,.jal xu« a^tm 

1 AASkO iSLEiidArd Couia* AirfAiw Cburte MOL AIm Aj^TM TeotAilstt 

£>4 flrlficAiion DI2IL 
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RAILWAY, H[f;HWAY^ AM> AIRPORT EXGIXEERlXG 


fnDTn tJu' mr^ rhiis ki't pin^ the will tnoijiT and pn'^-mng I hr niiTiLml eotu^ii^n. BitLinii- 
mmf iTUttPrirtU wnfrrpirtiof I hr tnlt turr^ jinii add nrihr^on. PortluiHl »*rEF thi; 

mix in n. wrak cuncn^tr. Calrttitii nhinrid*' niliy br applii^ to thr FUifan^ or nii.tf'd H-ith 
thr aggrr^tr: otlirf |in»JnrtA ein- thunin^hty 1111X1x1 Into thu road during ruiirfruction. 

Tmpf fifwd mamikitn r:uifR(x%« confipcjwd of eriL4iixl stonr nr .^Ing juirl h 

natural hittflrr, nurJi rrmrnlitioii^ fftonr du^t or stt>x*iiinKF. In ibfi triiffii^lMuind 
layrf? iiF rruMtu'd nXani‘ I In ^ in. ihii'fc aiv tmpn-gruiEod wiifi ^^ul^g^nde nuiE^^nai 
or iui thi^y nn* rxtnip<irrr‘d und^T traffic. In thr wali^r-buund -iiKimmtm 

in tho pruautoino^iilr ith, a fIuitv oF Fatonf* Ecrtcnin)^ imd watrr wju? prew^ei,] into a layer 
of brdkm i<tuinr umirr ihi- artinn of thr rolk-r. L^pou drying, iIh' jslurr>' Bet up into a weak 
mortar, blndiOK thj» nEonrh tug^'iIifT, Thi.-^ tyjir uiiKuitrxl for m\y apprceiahle motor 
traffic UEiStnfij^ .Hurfacp tn'-aied with bininiini’jijf uiaCeriaij. 

BitiLEumoua pavtmedts nre of four general typw'di ^tu^/ar^ iTpaim€nU_ cotiBistlng of a 
thin btlutninouF iQj'er uFuaJiy^ thoji in. over u pn.‘p«refi road purfaeo’, rotid infjceB 
in whiidi Ehr hitluninEiiiF matt™! mixixE with the iigjpx^te by mampuliitEun on the 
roadtaxi^ /jdurjjeFiOM* ojocddfljn in which thr top ColUai' of broken fftotve h peJlotra1i!d 
with bitnininuuii binder^ luul rortcrcfc and iiArci m which thir 

fpitcfl and bitiitninniiFi materifil are mixed under eontmlU^i condUioiiB at a central plant. 

^ifumzAnu^ ^fiir/aw frndJwcjj/ii t Jpig. 17^1 i all! iLt'il to ^nmp extent hB rJlirf lay era, tjUt 
their primary uftii ib For billing nnd walerproofing nwadnm. gravel, and Adil nnrfan»i. 
tn niainiiiiancie thi'y are umd on ail types of Idtumiiifiit': Burfaoes. aEid vti bailly worn 
cement conm-to, fitone, anrl brick iJ^ht a*<plijdE 3 v oil of the Blow-nnring lyyit! 

\^C-l or siC-2: i*fx‘ Tabh^ 12) h Buitalite a> a dtwl layer on Httrth or gyavcl rnada. An 
applicai [on nf from 0.3 to 0 7 gal per m\ yij igp^y i m n-^iuiriHl depending u^ioEt ihr amount 
which thi^ Hurfacn will ataiorb- Tara, cutback a^phnlLfi, a.'^phalt emulwun.<:. anri Fnfl 
fur(]luilt ceinenL-4 for surface tncxitnients iwjt! Tahkis 11 to Itii. .'iomi' of iIihso 

products may W applied ndd; oilnsra muid. la* hixit^xL Praefier in applying surfaro 
IrL'tttmi^nLF v-nrU* conFidembly in iJiffi-n-nE localities aJid for dlffertnS materials. TTw' 
eis^mtial st^^ps for an initial tn’alimmt aru: ete foflow's: {l) Patchy jshape, ansi compart, 
the untn^ted .‘'iirfacc to obtain a >Tnorrth surfacei it h difliciilt to eom^ct im^gultirities 
jiftiT rrvaEmE'nL SwiH'p off any I^rmw dit-'t wiEhoUt riLHturbpng the natural bond in 
Ehe nirface. (3) Apjily prinii^ cOat^ MC-tV, or MCM or R*S-l for asphalts alai RT-I, 
2, or 3 for tars. Tbn* application varie.-^ from 0.2 to 0.5 gfusy ilepcnding upon thi^ onioLuil 
that will fjc n-aiilily abHoHxid, JtftF b^'ing neednd for bonded 1 lain frjr looBC surfaecs. Thii 
prime MMit id aJlawi^t to pi-niffrale for at ka-it 24 hr. i41 Apply hi Eider coal of 0.25 to 
0.50 g|i#y of RC-1 or RC-2 or R>1-1 fur afijihnlta, and RT-5 ur tj for tara. iflj Covit 
binder coat with 25 To 5CJ lb per m\ yd of fine gravxd or stoim, usually finer Eban >4 in., 
drag with brooiu-Jrag and roll tn rough ride ht ihal 10 lb of cover .‘^tonc la reriuirad for 
each 0.1 gfwfy), nS) v\pply Bt^al erat i)f 0.125 to [\M of HC-1 (or RT-fij, covi^r with 
10 to 15 lb per aq yil 4jf cover stone under ^ in., bronm-dnig, and rolL This step hmv 
he delayed until tbe furfae^^ ?ln>ws nignB of raviding. All bitumiikou:^ applirations aro 
made wiih a prawium diPtribiiEnr. MaaEiti^nanci^ real cnatB and addiEional cover sEonc 
will b4‘ nx^uinal at iriEcrvals of from 3 to 5 yi'HEiF. A sharp gnmutar cover u pivfcrable 
to a fine Band ctiviir IwraiiM* tb» fonriE'r pvxts a moii' nunskjd lextuie. L'sually fill treat- 
na'iilfl an* citlH'f uf a^plmlt praxlucts! or of lar^ althijugh tar prime ciMLta are w>ntL:tiiuefl 
ujed with asphalt ie blndem. The lur pniTUT has high p^met^atirlg quaUtaw and ie wIbo 
toxic to vej^ffaEion that may be octakal in Ehii oourai^ For abroris'ni aisgix*g?iiefl^ 
MC preniueLs may be i^ubstituEed for HC in thi^ binder ct>ai. A hoi application of sk>ft 
asphalt cemnnl ■! 150 to 200 pem-tratiQii« may lie subBlituted for a cutback in liinEler anp| 
Mfal-Piiftt appliratinnii. 

^ I llfcfciitbwFk- ihd " 'CuMlnirtiuh SpM-iiiir#tid*ll.'' E>Btli by Th* .-liulialL LuLiiutr. 

Ifl^Eicrfii! for HitumiJiLRii TrEKtiaiEni cil l{iah«rftji-x, AAMHH; "'Tfcrvik Eton), 

Diviuikn, .AJILnd ibfici Dy* Cum. 
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turface* ‘ are of two gencmt ivpn*: ‘'gnuh-ti atatniSalt'" wMch bituminotu 
nwlprml is mi*«l tin thp rcwli*^ with a wfll Etiufc-d gmvi-l. wii! ' mftnuljiin aggrepitc'* 
in whifti ihc ai^nfjpiU' is hroki-ti atom-. Tht' fiist type doriviat rfjibility fnmi compaetion 
to hiRb ilcfuity. whutuafi tbt- M'coiid typt' di'rH'ndii upon thi' rtir-nuth di;veIopi.tl Ity thr 
inlerliwitins of itonr fmjpiiMiifi Utidi-r railing- Tht- rtmirl-mix proCM* i# also knowB nfi 
“retread," ‘'oil-pn>a™i.tl," or "niixcd in plare." It prixliiwa a Ht'oriiiR eurfftw from 1 to 
4 in. thick, 2 to 2-6 lii- bving naosl. mintiion iFig- -IfifV In brit'f, the steps nns (I) shapo 
baw? (rolliiijt if nwciwary} unci apply a prune coat of bituminnw^ malerijil. TirinUrtHiVirg 
surface material to the rnaiLMdcw if ncccMiry to I'xpoi'e the ba.'ce; l2> spmnii surface aitgri- 
jtate in fuflieicnt (lujuitity to pruduce^ the convpacHi'cl thick jm-^-h dcsinal in tlie fined ruad; 
i3i tnwt aijitn'gate with bitumiiiouis Idmlcr u.dng prt'saiire nlislribntor and mix wLih 
bunrows. road (tradcrti, and drans; (■!' repeat step ‘i t»ncc‘ or twice until the total amount 
of binder loquiml has bwn ioeotpomted; (Si blade mixture' to n-<iuin'd crcrtru annl rom- 
paef by rollins; (di apply wal coat of bitiiminouit ninU'riai, eovi-r with diaal] aRpt'gaie, 

ulchJ roll. _ , , 

Ai^r^j^tc Ttir ihi^ ag0‘cs*Uf irmy be ohtiuTM'^i by §earif;^iPK tbe 

rcjdLii or bv wJdinis new nmten^. The of Hurh mitti^riaJ Abmild wllhin the 

fuKImving liTniLfi- fui«sing 1-ip, -peroen^ 100 p(.wrLls No. ^ Fien^, 50 to 7D piirtjtint j No. 10 
Ffirve, 35 to 00 peiteiit; flnd No, 1200 sbve, 5 to U pcirwnl, U m^iEirinU from 

two Aouroe« way bltodotL by with harrow# tuid un the roadbed. U'hen 

aJifilukJE products am lJS^?d^ the prirmiT of ^fC4^ if appliwl ai tb,' rate of 0.3 to 0.5 

jjp-pairh i jin g upoffi tbr aliltiLlIlt wbieli thi'- wiO n^arllly ftbnwij- I tor opt'n--- or ptJrOLI#- 

lesilyn-d biuw;#. or MC-S may bo sutrjtiruiod for MG41.' Tho binder of MC-3 

15 applted at rate of O.S E|M:y and into the AdJdiocm] applirftiioiis of 

0.5 Bp#y are mise^i in unLil the total mitiired amgyiiL of binder him liceu oJiUiniKl- Fur 
a 2-in. wearing myrac I lo l .S gp^y am nsiLiJn^^i. sh pundiiig upm abiWiplion rhjirarU r- 
b«ticp of Mivr the Tni»mg tia^ Ui-n rornpJt'tfd Euid the surface ^haiicd and 

miM. a seal croai of 0 3 lu 0.3 ^pfry of is appSu'd. then lightly tovtiri-d with sand or 

hnv stuiie ftggagBic and roll^id. tar. the primer b HT- E. 2, or 3 apphed at ran* irf 

0,3 loO.S and the lliindtr in RT-5 ^yr ti applik^J in a|nj1lmrien^ of 0.3 g[>®y until thu 
total amount refiyintl in mixed in- 'A rtiugh rule is ihat 0.3 gpf'y if ui-^ftled jX'^r inch of 
(li^pth.i The seal coat of liT-5 or 7 w applieti at rate of 0J7 gpFy aTid co^tircd with samf, 
pi-a or el one rliips. 

ARKn-Ttate for tbf mfirtidtifn f&ifw w emflb!d itone or i?ni5licd gravel. For 

ihi* coaim' lypt‘t the riac rajjge ifl frum 1H No. S sievet for the fitus t>'pc Lt is froTn 
in. le No, 5 rievo- Wfcwii asphalt products ane ush*^!, ihi; prime amt ia 0.3 to O.S gpey 
nf MCNO. The biodtir la ttC-3 apphinl in appl]cation5 of 0.3 to [1.4 gpay each^ folllnwi‘d 
by mi.xiiLg, For a 2-in. wearing roti™.% two appUratioiL- suieI miKing!^ arc required. After 
the rmal mixing the stirfart: i? shaped to the dimn-d rroi§e section and rollud. Within a 
wx'ok, 15 to IS Ui iM^r j*q Vfl of fiiw aRgiogiite ie spnmd into the suriart^ vosde and followed 
bv a sL-aJ coal of 0.2 lu 0.3 gpey of RC-3, hroom-dniggnl and rtdhnl. An sk^phalt emuMion^ 
HMeh as nmy Jic eubelitutoti for the RC Innder. EllUll^lojL^ eau be applit^d to d«n[J 

purfaet^, whi-ri'a# ruthaiekv rcHiuire a tlry For la-et n-Jniltn. For tar ij'pc'S. or '^rv- 

tri'ad/* the primer ie 0.35 g^wy oF RT-3. The himler i# 0,8 of RT-0. 7^ or 8 for a 
3.5411. layer of Irniwi aggo-gati^ After mixing, the «yrfnee is bladtal Ui the croifi^ 

acetion and Tolled. Chnkv ntonc I No. I tn No. 10^ in swiqjt into rhe surface voida, and a 
2 !enl coat of 0.3 Kjrtv of RT4^, 7, of Si# tippliwi and covon J with (No, h to No. 101 Blone 
aud Tnilvil. A Htnii seal coat of 0.25 gjwy h appli^Hl^ cniven'il with fine aggregate (No. 4 
to No- Id I, and rolled. 

There are tmuiy vnrialiofis of ihf rtmd-mix procesf. The precuse amount and kind of 

I dbciMrupd«i SriwierAtkiDi RM4. 3. 3 p{ Aaphiill IhtfUtmBr AUo k« TabU* 13 n> IS, lad ’Tbt™ 
MBliiiai," n-JTtll blviftitMl, ALLi#J CtveCntrlL iie 4 Oy^ Ctini^ 


2 IfK) RAILWAY, HIGHWAY', AND AIRPORT £NtiL\'££RI.\'G 

fcilliiiuifioiits t4> bo intut bo detormint^ by I he conditions of the j4>b. Ana & 

^^1l^ tbi' miiTv fluid a^low^cunjig dud □u^JiulIl-OLl^^ng pTodurts UBod with donso grddL'tJ 
nJifl tbo mate v^outm snil mpy^ouring typed frith opi-n ndxot-. More biltitiii^ 
]iLPiiO« mdU'rULl \s ikHMby por square yard for b i^voH: ttitckiu.^ of grtidod mix vrjtb a hlj^b 
td bEiTM than fur ty'ipos. PrrlifiiimiJ>' toiiLd musi fx^ u^kdo to dotormini' thi' 
iMHimixi uf jt piutEE'uliij' E!^ and lubting proton. ^ Travolinig ploiit** ^ have boon lK*- 

vi'hijH4| whirh loko in frotii ihj* ttioiilx'd^ itJx tliotq with bituminous mutorinl, 

mud disrlkjiruo ihi' onto the^ boso- By this tuooiis, a mon! niiiiforru ntiiih obtAinod, 
and thi> k*n^by procp^^ of mixinit with blade gt^ors ikiid harmwa tp oliminat^, A 
inREuloimur^T wa] eottt nf 0:125 to 0.25 ^psy of thi^ wimo pruduol imtl In origimil TOnt?tnjc- 
liciii Vi r^quips^l on ruod-tnix nurfaeos ovitn^ 3 to 5 j^iorsu 

Rock ttitphttli lur/hfAe ntv i 4 aod in [oodhtleS whore Bitttablo nAlnrol nock a-sphnllft nn'- 
Two rtinuimn types mv L'vaJdo (Tokiiw}, which h on inipn.gTUtted ^hell Imbi-^ 
hJloTM^ And KinUllcky, which is on imprt»||iiaU»d sancbluikc. The ntx'k Asphalt is crushed 
OTi^l bUunied to px-o tho liosinHl asphalt cuntonl <6 lo S ptimml hy weight 1. If iho rock 
is (ioficiont in asphalt, a hwu^y asphaltic oil is oddtMl. [f iho natural asphalt if im honl, 
os is tta^ L'mltk^ a fittx oil is addEy to BoftoJi it. The cnisliiHi rock osphuJl is epioad uni- 
rnrmly on a hrm iioso pn^viuualy ptiimHi with RC-^ or R&l ^ sha pod and rolled. 

EitumifttHLM rriafadam ia a hrokcn-filothe W‘caring aurfocr^ pone^rilted with bit luninoilS 
maLoriid applied by a ptisfiatiro diatributur. The term k i| 2 «d mther fonstly to cover n 
wide ninj;E.! of types from a light stirfadog for a n^ldootioj Htnvt or secondiu-y nml to 
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t'lo. 47. fMfc^i|laaLf^^^ pB,vetijieai ctotvi w^tldmin* 


a kycltd TOft4:lw&y nearly 2 ft thick, tn n^rtaiti Plates whi^re stnjiig tnijgh stone is Availo^ 
blc, blluminous niatiodom k Ustsf Bticceoafiilly un hi^ai.^'-lraflie rua'k- The heavy-tluty 
desitm f;hn>wn in Fig- 47b is built up its follown: ’ 

1. :^ul:)grade k rumpaclcd oJid nhnixd ponillcl to the hnished surfaev'. 

2. A minimum foundation course of 12 Lel <sf gray cl is opTy-aii and ^XllllpacErd in two 
lii\i!TS. If Et-lil AtcEiir k jm^vnlent, the foundation may la- <tl 8 tp Id in. of stote^ fragiramEa 

* A SveipuHum <m lrfsa.£rJ] F^aiura of Flelubir-iytte ByilJiinilliuuR Ituoik. l/fjUk-y^ir Hwaiar^k 

J|eA Ajibl, ATmTiai, II, 1931 . 

^ "‘IltE.HjihUtuUfl C^uitfnirl.Uifi ItondlKSi^."' C<k 

* BrlrErd Enirn ^luujrliLiHltfl xtHEfilficaEhXii iut liinmiilnriMU lll■^■ll&^L, 



















BP ADS AND PAVEMENTS 2l(Jl 

rtiughly fitlcti tog^'thiT Ml] wSth llh.- vuuti lilti’il with j-mi'niniffi or miimJ. An dJ roital- 
UmlI itmy aiBo mrrvi^ fmitHiatiou where wjeh 

3. A bwfti t^ktrae of erui^hed iftotR* 2hj lik 1 in. siie Ip (r|in*ad liiid eompacletl to 4 

itL thickiupaw. Tin- hfl*e Btorw siKould have ft pemnr ol w^^aJ* of not ovpr ^ l^y Ijw 
A nguks abiwuii test. -Stone w fpnriil uniformly by ineanp of n spreader bnK drawn 
Ijeliind llie stoiiv troefc or by a machiiie sprender- The ^pruader boK has an flujiiwtAbti> 
sJal wltieh mfty be set to npreiyl the dr^ifed Imw tbjckiu-ftri. Thi' pimiyr sprender atriki.'i* 
oJT the stone wiib a eerted to the (U-J^in'd profile. The coiiiiMieled £|i?pth k ojoialEy 20 to 
2o Iiereent kss than lpo«^ drpth. Tlie sbouldr rt are Iwiilt op ^Ailb aJorjis the 

10 fortu ft tmieh to retain like ftone. The rolluig L- <;onitiieiaecd with oiiL^half the rear 
wJu^l of the roller overJappiiiK the Lthoultiif, and thtm loiodludinjilly from 

to center^ thiis pretiervinif the dwrii'd erowTi. The rolling should ceritlnijt^' uotLl 
the wheel marks an- rollixl out hut noi lo the point rjf rniHbimE Thrt-t-wmH4 

rc4le™ weiring not Irw ibaii 12 tmw are iijed. Stoiu^ st^nHOkines or sand w ffwept into 
vokbi of base oonrse edter rolliug. 

4. A wi?flniig coujw of E’Htuibi.'d stone 2 ttk in. siw' is spread to pve a eoiupHPteil 
thicknesM of 2H in. Surfare slone HbonW tkave a pLrpsnl of Wi-ar of not over 25 in tb' 

Angekw abraBion U id roiled Ughtly at this stagti to lock tlw siocie but not 

sufficient IV to crumble any piectis. The vni^hi should be open and free fnsm all duFt ^ flirt ^ 

Laves, or twi^. ^ 

5. -Surface id ptMkf trate^l with 2 gjksy of AAphidt ri^nwnt hE^ted to 300 to 350“ r. 

Penetration grade 85 to ItlQ li uded fiJT njum weather eonililLoiis. arwi I£X> to 130 for 
fExd The surface must be dry Ht time of applicatinn of the nsphikJt cement. 

(i. Kej'Flonir at to .Vo, 5 Ki*o is spri^arl nyt^r surfaee to bit skirfaee vnith^, and tb* 
ooiiree thnrougbly rolled while stkll warm. 

7. After tbft road bus set, usually within a day or two, all OKcess ktiyirtaite is fw^-pL 
off and a prime coat of 0-375 ffp^y of the same anphalt ix^nien* is applied. Cover stone 

H S sain ii Spread and rout'd. 

If jasphalt emiilai.oii is used inBlead of hut asphalt wment, snmlU'r stfe aggrcgiite 
i^lioutd be uj«^ in the wearing «air8t>, sincti the oJiiuleion is moxc fluiil ami the vniifa 
fehoulii be smalkT. Al-o the Kate should be damp rather than dr?-. For a I 
wcarukg cou^^k^ mdnj? au liS-I emulsion^* a 1to >i-in. nggn ^nte is prnettitl'd with 
n.5 to 0.6 ( 5 pf=y. Thi* is mvererl with 20 to 30 Sh pt r etj yd of U to Vo. 8 site stone, and 
fnllowifd by a m-coiilI janoT ration of O.fi to 0.7 gpsy eovered with 10 tn 15 lb p^-r sq yd 
of No. 4 tn Xo. 10 Stuue, A seal eont of 0.35 to 0.35 gp-ny applk-fi ami covered wilh 
8 ki 12 lb tjf No, 4 to Xo. 80 covr^r stone. Biiuminous maiearljun may tw boutkd hiIIi 
eutback^ an RC-S lajing subaiituM for asphnlt cemt nt wbtin the aj^gri-fijito runs up to 
24ii. siBO. For smaller a^jgrk^gate, HC-d or 3 rairy be uscsi. 

If tar i? umk| in thi^ wearing; eourae the prikccss is briefly as follows. ^ 

1. Sipnad :iKgR gEite <2- to Idn- Msed and rEjIl oiilil ptont** nre imkEMl and bound lo- 
gi-ihcr. 

3. Apjjly 1-7 Kp?*v of KT-12 itt'rdi|!ertiiiio‘ 1^5' lo 250 1 l 

3. Fill Rirfaci* voids with l^in. Ui Xi>. 3 cbuke -tone>wivp and rail untii surface voitb 
are Hlleii. 

4. .Apply first za'al cent, of G.7S gjJHy of 11T*I2. 

5. Cover with 30 Ih piT sq yd of * Eo No. 8 sioeic, hud awiwp »nd mil cover into 
rurfacc- 

0, Opiui to I mflie for 30 to 150 days^ and then swi'op atkd apply rn?Fiisd seal akai nf 0.33 
gpsy oF RT-0 i^r RT-8 And nwt-r with 25 lb of H to No ^ ju^e^^te fH-r wjiinre yarii. 

p \tHjdih^l Kr.sulFin«l Upliaii (Toiitk (>tF-l), '^mwlmnUMk tlm 

In^niur^-. 

1 Brirf^^ fwtti '‘Tarn* 


2- 1D2 RAILWAY, HIGHWAY, AXD AIHFQHT EXGINEEHLVG 


With inT typtv h Htcht impcrvioiif^ w inipitrt^ni Ui pnwrw fh« binding quniitii^ 
of ihn lor. ar^ fi^^tairu'^J with any ty^< nf hitniniRnu^ nuic&ibkm whnn ifdil 

in iht eejiy ammui^r, thn^nliowini^thi' bitimuiiuLin mati^na] in wnrk inlolht- mod during 
I hi! hot wratbiT. ^fajnU^nAncr M'nl routtt an.^ n^quiriLii m pi'Hodfi of froM 3 to 5 vrojv. 

Bltuminoufl Concrete.'' Thin type inclutil'll pliiiiiE-iTii^ bitumin'Oiifi^ yi^biiuitin^ 

of KtiLiirril Ajq^^gatr^r l3lilh*^rfLl ^llrr iRuh.' tnatf^rini No, 2t)4) Hiovid, and a bilunii- 

nnqji ct^nwhlinii ogotit. Whi»n thfi- mix t* hcmnd «itK nAphalt. it {* projw^riy an puiphaltir 
TOticnjU*. Tar concn-lL-# atv k.'St* fominun. Thi^y an^ ij?=«l for apodal purfKjm*?, f*i,irh 
On oirfieltl'’, tar Lm mom nwHUiit to ofknwnlrateii fpilE&|S* erf oirTfidt fuel. Bilumi- 
nfmfl m\\€^ art! C!ta.>iiaFie>cL by moXuniim »iz^^ of 6gsrn (raTr SJld by typM‘ of grading. Thi' 
ihn^^ prinnpftJ gn>ufiH afe iMHim’ aggn^gali^ hituminLiiL^ lundrr in.)^ fine- 

?k£jiTi«>gnt^ hitiiminoLix (unctiT in.), and fiht’i't ftapluili No. 4 flifvi-i. 

Df FLw grmifed have ftriill-|frttdt?€i agi^'gatc^ and low ^^id cemtt^nt. Op€‘n mixi^e 

iif*imlly pfp^domlnAto in cTMinft'r sii«i oF agieT^IP^te and huivi^ high vniil ermtonf. Unt 
Tnm*K arp thnt^o in which thn aaifiSndt and nggTPjutt^-^ ttrt* hi ari'd tn obtain ref^uirrd coti- 
r?irt<!noy for mixing and pkHnK. ThOrtE» in whirb fluidity 1* obtoimil by tJn' of cql- 
bark^ or pmulffion!^ lur* called coW IX-noe mbiefl am UMnally hot nuxt*t<; cifam mmv 

may be hot nr e^old- Hot denp^vgrode^l miXN are mr^^T ronymonLy unod for primary' high- 
n-avRand dty aln^^t paring. C«ld mixeaare mort* e'onlIlll^n for wNiondary' rtHid 5 nnd patch* 
ing ULixlijn^. Open miKiifi an' kmiploy^ri in hinder and II*aiding pounwa i Hg. 47tf ami dh 
^\Tirn open mixi^ atf UM'd tn tin- ^^M-tfaEr courm* « w?n] coat b* definable to pmvenj water 
penetmtinn. Corinin flRgrrgaLf-^ have n greater aflinity for wat^T than asphalt. lATu-n 
water h pn^rnmt, tb^ aaiihatt will nitip fnam "kEirh aggregtiti-?. This tendency can be over- 
eome by di^rigiiing aflonii^<, waterpnHrf mis, Uy introdtiping nii ndditivewith thesi^phaltf 
CKT for nurfa^^ Lmatmimta by pre-coating iitfone with n light oil, 

//rrf-iTiTT /Jiliimfnowjf f'oftmrfc.* Typical t^perifleat [ons for but-mls bitiiininous rcmriete 
rs pommenihri by Thi^ Anphatl [niMtlPiite orv «ihown in Tnhle 20. Nw. T nnei II are suitable 
fnr lower anci levelingi COUfSefl and for intorroedirtto fbinder ' cotirAw. Nov JTI is 

suitable for tiilher aurfuce or bindtT rounw and Nofc. IV and V an* ioirfaci! cmjrse mixt^. 
The several stali^ hlgliwtiy depart mt'Als nnd local highway agoncies havi' s|M>cificatinnf 
which may differ in some dctails^ from ihow oF Th*- Asphalt Institute. Th«^ should 
In' eoii3^u1totl for practice in local areas. The spurihraiions provide only uppi^r and Iowit 
limSta of grading ami aaphnlt content. Within the?«^ limits a sp«-dfle mix (i<jh misi in 
df¥figncd UHitig the nggnHgnteH and a^Hjihalt to supplihri an the wfkrk. THof mix munt 
pomw< niifhcirnt stnbility lo n^t ruiting or rhnving undi r Imffic in warm weather, 
yiit. 1 k^ pliable enough In mljtist In temperattin^ changes and Ui conform to Hlighi movi'- 
menfs of lh!‘ flubgirwle withoul cracking. T^ng life ami a nniLskid ourfaci’ levEnn' iilo^ 
ol^t di^sired. 

Stabiiitit liepi^nd^ upon [hi^ chomctiTistics nn*] gnMlatjnn irf ihi^ aggntHpiTes and the 
ifegrec of rompacilnn (den.nE>0 of mix ft In alw InfliienceiJ by the amount and coti- 
siHtency of asphalt. A high asphalt eonlenl or tia* ust' of a ^oft OsphaN will inen^Arv 
jiloNticity and rbj'refijn^ di'cre:t^‘ *tab5ltly. Ilurabdity liependa up<m the nature rd 
arphali and thi^ thickness of asphalt film-; bimling the aggn'^ti>^. In general, the highr»st 
ajFphalt n^Etlent that can be usi’d withrius wriou.Nly impairing stability ut. di^sinoble for 
Inng life. The dtisin^i NUTfaei' texture ean iditiuru>d by eotitnd of graiiing. ^inco I he 
iiKphalt is the .dtplrt^l^- rompotu nt nf Tin- mis, an exrpw ^thrauld he aWkcdiri. t^iulffrlcnl 
veidfl should be Icfl in the mix to allow For ex|iansiE)n of ak=phalt and for .-tnime conralldii- 
lion to lake place uiuler traflie withniit flushing jisphalt to the surface. Tlie job mix U 
drterrmreri fmm trini mixe*. AKgrepnie gmiling uiid iiapbiilt mnteni ate irarieil until 


t' '.^Ta^l^I^ mj Hi?t-aikx A»ph*tttn C<iriervte Pavwiknit,:" uicj. ""Cunrtnjt'iicin 6tHiriBntii^kji" hr 

Th^ Aijihmll JgulUutB. ■ J 

Qmj^ MfthodM tw HaL-ciiSx Aajphojt FSTfiiui,^' Thft Tiwtilutr. aymPraBUini - tuv^lijisu 

LUm of tln! «kJ Awholt PBvtiit Mhimr* Mit TIvrir Rafc cn iJisupi ^ Ftejublt 

Pawnmrlil*. ^«iwrr^ ItrjCHin g-fl. HLiLwfcV fU^irrh tVinH. '' HitMmindlia Fixbiu MillUrea; FlumU- 

inditiJ* for DflMeii. lOS. Itixaw^jr [VolkI, LVOik, 
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Table 20- Ti'pical Asphalt Co^crett. ATixiw^Tuk 

At^l^MALT ls?^TttirTE* 


MjkT^o.. .. 

i 


111 

[V 

V 

r^rtiiriiefi for whir-h reoniaTnended 

IxiWer 

InUT- 

?niirfjier 


orinrcr- 

ai^Jiale 




meiliate 

or Blltfnci' 



Mils thickness individiml coures? 

3' 

1 2'4' 

2' 

Ih' 

V 

Atttst thickness indivfdunl roqise 

3*4' 

1 3'i' 

3^ 

2Jf' 

2* 


.MIiktaI AKEETKiitr Cumhiiiiitif^Ei 




HetaiiiiNl 

PejwEit 

PeriTfHit 

IVwril 

1 Percent 

|;Vr«int 

CnanlJtLIellt 

Ps^HR 

oil 

by 

by 

by 

by 

by 


eiuve 

eieve 

weight 

weigUl 

weight 

Weiglit 

weigh 1 

Ctiuise 


r 

15-45 





piEKmKnte 


K 


14-18 





1' 


3Hr3 


17-52 







3d5 


lS-50 



w 






S-30 



No. 4 



iV-42 





No. 4 


. ^ - 


3-30 

8-45 


Xo. 4 

No. 10 

5^15 

^15 

545 

tl-22 

^1-27 

Subtotal 

r . . . - 

No. 10 

m-m 

55-75 

55-70 

50-55 1 

5CMS5 

^’sne aiQfm- 

No. 10 

No. 40 

a-10 

3-21 

4-20 

5-23 ' 

5-22 

gril^ filler 

No. 40 

No, 80 

5-21 

1^25 

8 25 

^1-27 

ir-27 


No, W 

No. 200 

3-15 

3"ll3 

4-16 

5-lS 

5—18 


No. 200 



4-0 

4-7 

5-8 

5 *8 

Subtotal 

No. 10 


20-10 

25-45 

30 4.5 

35-50 

3*45 

Total m 

ineml nm 

Iter.. 

100 

10O 

nw 

100 

100 


Tnlfif iniK 


Total tninenil aggregate 

Anpksill cement (bittinsi'is) *. . 

{1(3.5-!S5,5 
4.«Tr- 6.5 

03.0 05.0 
.5-0 7.0 

(»3,0 W-O 
5.0- 7.0 

02 0-040 
O.D 8.0 

1K2.0-H4.0 
rt.&- 8.0 

Total mix. *.», = . 

ll» 

100 

too 

100 

im 


1 Fpum ''MuFimJ on fevfRitikt," A*filwi 3 t 

® Fee bjRl^ liifi uiif^ lirnit ive nU#Hi. 


c|i>d^d E!Oiiditiaii 3 of titalwlity^ voki oontent, nnii di-^iieily are dhijun^. Tfn- mon.'^ mni- 
iniiii fltjihjlity nu^tKyrinii jjiromJunw urt Hubhtinl Field, Marplmll, HvorHi, aial IHuxulIi. 
TKt'V lire iNjijiiuehnl at 110 ‘F t^i fflmuliale hot paveinrt itljt \n tmtumur ffUJi. T\Hi lob mis in 
eotivertt^i to n fmnnjia w litrli FtHfeitkis for euelii Imtels tbe wt^ijeht of iiRsn?KAto 

lo bti dmwii from mcli bia Bind the weight of iinpliull to W Tlie rollon iag lakr- 

iim-w are aHowod froai Xh^ ids mis: turner tluui No. 4 t=ieve ±3 pprcpiit; No. 4 lo No. 10 
deve dzS isenvist; No. 10 lo No. ^ nievi^ :t2 iM^tretit; undiT Xo- 200 nievr ± 1.0 fwirent; 
unplmll ±0.3 jiencriit. 

CrntJ^truclioR ProcetiurtJ The de^innii proporliii'a# nn? datcdriwi at tlu^ ptaal by i?om- 
bining rijwfi of coarse aRKOL^gate, and filler. The aggnTpitf^ jiUM^inbled ami 
hleadedp run lJin>iJKh a dryer unil fed oyer Bcnn^an inio duvated bins frtsiii whiek ihv pro- 

> CeailrufrtkMi IliJsdbtiQlt.'* l3«tailM!e<jf«rc Co. “AaphaJt JiunIbw^L,^ Tim A#pb*ji In- 

aiKluU- 
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porlion? ftir tfirh liaSrh fuv wi^t|;luxL into the iuikct "ipiig miin. Tlif Init lutphiilt thi^ii 
Thi: misins tinw; iuiumSIv 45 to liO wr. misin^ ujid oJcti-H.-ivt' 

tt^nipcmtun'H ncf To avT>i<jsNS ^nct- thry U-ud ti> hd.nEt>Ei thi- iwphaii and BliLjrti.‘ji 
lifit of iflivuiiuinL T!i^^ bitt ehi«s an* dtunpi^d kito trufkj^, t to I hit \oh. and 

plawxl whik’ 4 ftill hot- Ttu* miJdnj; ii'mpt'rutun- Bhould not esK^-d Ckhoiit ^f25“F and the 
lompc^nitui^^ of eppIkAtian shiniid noi In* billow Th»' fnickifl dump the mistiim 

into a hopfji^r in thk- rear of a merhanii/a] *pn*aiirr wben^ it U n.-work+'^i by revni-livioK 
padii!i!a or u iWTPi'W lievire* ami (i'ii umfonuly to tho The Intier in tv-l 

to *^pn.-arl the desiTH.! tinwinpfteteil thickiM‘:^'f. Some j^-preadi-i^ tttmp us well japn^ad 
tile iniaTtm*. The width of Hpmid i« imuJilly euliu-^taUht from ll> to 14 ft. To ohitlin 
npcrifieil conijHittkQll the pHVeint'Jll b* iatil in laVem, UBiudlv latWia^O 1 iiTid 2 in. thiek, 
ami nillod wdth randeiu tw'o-whtnd or thn^i^w'lawl mUora wesKliioi^ from 10 to 15 tou.-s- 
RotliEk]; starts at. the ttnd w'orkFi tla^ c^muir, o\x'r]jippinp ut least onc^half 

wWl Iraek <m eueh puitn. 11 t*finliEnjL.^ until all whi'nd nuLrlcs an* in Hit'll tiut aOtl the dt*- 
aiim (len-ily hns lavii attninwi, \Vhi*n high ifE>a>^Liid*s are dt^inxl, aj* for kavy aircraft, 
ndrijer-tiivti nJkrB an* ustxi for otimpuetioii anil taucb^m nillers fur .nnwothioK- 

Riiuniinuus fooerete ean nS^ be prutiuDwl in i:ontinMiJu.^misL pbuits, a hen* the pro- 
port irnis tif lu^'jpkle an- PontTTklled by volLime a.-^ they iliroikgh mljnstalile gall's. 
The Hspimil k iomrporflted in the mis a«? it moves eontiimooiRly over thj- mixiog paddh-s. 
A L’oiiiinuokw flow' of miK is fed intn waiting imcks.. TlitrsL' ntbu^ are usually placed in 
hajM? aiifl binder M>ur.He* wk‘rp the ronirol of tk* mix L*j somewhat li*fis friticaJ limn for 
su.rfno* citLtna'i For secondfliy-rfiiMl mn-ilnjetiuo, a nmghly mill'd mix h prcMiuced 
hy a traveling plftiil which plelm up ^twh^i aegn'Kjfvte from I be rwulhed. 

Sh€ft axphall iFEg, 47d^ is laid in iwo courmm. The liotioin, or biEitliT rotirse, has thi* 
following eonipoeltion limits: Bggrcjtate, bnlw(M?n l-in- J^rwn and No. 4 picvL% 52 to 72 
jM’rrent; N'o^ 4 to No. 10 sievef S to 2t} perri'ot^ laL'^sing No. lO aies'e, 15 to 35 percent j 
hitmnen, 4 lo 15 ppromt. TItc surface cou™* liniiti: an^- ai(fiTi'imli‘^^p kuween No. lOaml 
No. 40 sieve, 10 to 40 pi-rwnt; No, 40 to No. SOsk-vv, 20 to 45 piTW ni; No. to No- 200 
sieve, 12 to 32 percent; pa-*isinE No. 200 .devi*, ID to 20 fKTcent: bllumcEi. &-5 to 12 ja.'^r- 
cent; vokhi in coaipucted mix, tlum 5 jM^rernt. ^iiLvi ai^phali b* a dense hos mix 
panxl under eundully runt mill'd jiniportiDuiiig nw^thuik in a n^ntral mixing plnnt. It in 
spread, rolL'^l, anti nompaeU'd in the same niaibiier as otlier bit urninoii.4 concn-tfi*. 

Design of Thkloiess of Fl^ilhle PaTements. The ihirkiw'sa fif a flcKiblo pavement 
depejuk up^m I hi' magnitudi' and frectuvricy of load applieatloiei, tirt* priT^'^urc and wdea*! 
aiTaiigeiiLi^ni-'^p the phyKirai eliaractt.Tiaticj^ i.i-f pavi'iuj'iit and baa(‘ niatcriah<^ and the 
#t:n.‘i!iglh of I he subgrade. iVlatiy di-^iiiigii procedurL^ * ha in' lxa*n propwstxl, Thof^* most 
cominonly usj.'hI an* iHUH^d up^m tests applied to Kubgradea nr to Ntdignuk' matn^nak. 
The relation kdwH'rL thi.^ test n-sults and the thiefcrH?#^^ jruulrmi is obtaiEieil from ex- 
TsTsenw with ];aivii’nieiit# Lti wmci', and fEmni tetii ri.md scx^iuiu pnbmiib^J tfn ront rolled 
traffic,* 

A rxjELfi^ilidiiteildesign chart * haitoil upon several df^xigTi erit^'ria and eomilated with Jt 4 l>- 
grarU^ ia>iL ehiK^iflcatinns is Eiven in Fifj. 43. The HighwTry Re,'=iearch BuanL ClassiBeaNOiui 
and Group liidrx ein' explmoi'd on (ip. 2 8fl and 2-80. Tlu* '"Utiified nSjil Clie^r'ifiniLioo'^ 
EP ati airfWId elamficaiion pdvx*n oti p. 2-13S. Tin* Ci^dl Aemnnulier Admkiktralien 
ckkSsslfieaEion w given on p. 2-140 The rtfllstaiiei' value b$ ilenv<N.i fn>m Hvei in tntabilom- 
e rer ti'Sft. * The Califom-ia Beairi ttg Ratio ti-gt b described on p. 2 140. Tk- k iiriug va1 ue * 

i TtiirlkiiM tA FV'lible PSrraipnlJi (or l.cada, t'anml Utaait PrahUff frif, Uid Uiuni of 

PAvrjiijriiti, ffrtiurri Hnir^f ti^rEfa by liifEb-ny HakkL ALio mb Birpoft BCV^tKifl.. n. 3-t4tC 

■■fiitnh MM ih^ WASflfl' road IciL rtjjOetM in IS tind 23^ ITtjrtiWIiy R^BBirrli 

BvBfd. 

V 'ThbcbiriM: rVnihl* Pavrnmeil* for Strrrti ujd ElLK:hwin>Ti/' Thr .Wnhsll lEatil4lle. It^TrA 

«l»v^ O'JnmiiEfBi, and slib CitHW-IKT. It. .^l., BImI F. N. J-iVKita, FiPJ«?|or« TmlrttyUiB die- iktHiamf 
DitBiicn Vif nB.vinVM'nkx. l/iVAuriu' .4Inn. .Uf^ein^, LC*!^ 

ISw Hldlbud d Tfltl iWijnvptian IJlifts. .^ST^t StaodBTda. 3M.5 l niid niSXLCa.iN, c.. Bqd it, F. 

CHauteitAb, A CtHtHsrmiivB Study of ir'iriietumi IXmiga d Nuh-iH:£id PBvcQimti. wd. 

N-fc l>««iiUr. IW7, 
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CIVIL JlEBOiillJTiCS AOyiWISIflliTDON ClASSIFICATKJW 


'Cftpup .iwcj! 


fl»i5TAHfct valuc-p 


eAufMni* e-EAmi*c HATio-c&j! 


^ j 4 a i 1 1 9 c ii _ 5 Q 40 

fcei tJ Bodii ^MAJygLtE H ^T£. Qg MW M gFL^TlQfi.. K] fl£P£TlTiprfl 
H —"“iST-' EC » »KM. ^ a^'~iw Me 


THE IlIJiiHUM TOTAL THIC«' 
NESS OF BASE AHO MVE- 
MEHT SHALL BE AS FOLLOWS: 

UCHt TRAFFIC - ^ ^ • ■ S IW 

MEQiluy THAFFtC 1 iH 

KEAVT TJUFF^C ■ ■ ■ ■ fl IN 


-as- 




HICHWAT AESEaNCH eCAAD ^SSLFlGAnOiN 


Flt^ FleiiWe pn^Wripal l hie knew tisugn ehiut. {.Tftr AtpAdJf /jurfiluirO 
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of u i^Ml»Knuio (jr Biihbftfie LB labtAilEl^^d by app^'inj^ ini^rrmcnt-s of loM to ik ctr^uJAr pint-a 
Aiul tcMJAFiirinK r^uldEifS rls^At^^tiorLi^ of rhs- A ni^Aimuni nJIuwAble dt- 

flL'ction \b Hrclopt^xJ fur di'llclidiQg iiptm (hi: nitmnrr in whirh IIh^ t^^! \a OutiducU^. 

Lt m t.niunUy tnki^ri 0. i ur 0.2 m. Lk^^-ctlo]]. 

Tq find tytnl tliiokiiiHtf qf fitsiobltt jniwmi-nt from P'ig. the mibgrado hi c-i^lqulocl 
by qriif of gii'oii in iip|jer pitrl of chart. A Wav In ihi^n dmpptKi k'iTtictilly 

to inti-rsi'ft the design nx\v luad can-o, theti camt'd borijcoQtAlly to the lt‘ft mnrgiTk cd 
tht- chart. From that jntersH^liun it is dnawn ttmugh the approprUtc tFS-ffir claj^fica- 
tion to the right-hand whi^pv ttu' tolui thickrit*!^ lb n^d. Tho tRitfit' rSfl^ification 
b by voliinies per larif per day- light LtbSc dofua'd n* frwi'f thou 25 p4y<?i'iigi‘r cars 
and light truchji of ^'hirh fewer than B art* commercial trurki amJ For irkL-dium 

tnitffe these limits are odO and 25r For LiaJhe ihu niimbijr of pn^Bi^iiiger cara and 

light trucks jb njillmitecl but the nurntw^r of compuerrial tmclu and my.'it Ik» leiS 

thMi 250. For very heavy indfic thp' numlw"i' of both clnsH^a of Viddele-H is tin- 
limited. 

The total tliicku-etiS is dividtHl into JiurfaCoK ba#i‘, and muliliastT coun^^s, I'ach of ■H^hieh 
msy caiiBisr of one or more laycn* nf materuiEs («?e Fig. 47 1 . Thi* mioJirmui total ihiek- 
tw «f of wurfncr had iniJk- for each elaw of imffie b noted on thi* eluul. The ii'pn of Purfiirv 
wiU van- from surface iJWitnK^nt ar nmi mb for very light truHie to bitumiauuB ixmcn^te 
for heavier traffic classes. When aspbalMe rooprele b iwd, TAfiphnit I nat itm e reconi- 
tnekiils 3-in. thickness for medium and heavy Irnffle, itnd 4 in. fur very hi^uvy traihi'. 
Tho liaw will vary froin stabillbc^I gmvi't for light traffic to cruirWl utone ur murKilftni 
bail’s f\yr heavy traffic, SuhKiiw.'i rnay be uf types of materinl ft-*! w-onomy 

warrnJitB, AO loELg m lhi.‘ depth to the top of each layer b at kwt i^ual to thirkii«^ rv- 
tiuirt.nJ by that layer to suppc3rt the di'sign load- TIkc rmiteriah* must also meet requir^'- 
metittf for free drainage and iih{U!nce «f frerat snsceptibihly. 

Example: DcBip^i tmflio 5*000 pEu^^engor cjtra and 300 conimerckl trucka and busses 
IKT lane jicr days dedgn a-vh' kind 24,000 lb‘ Butit^radv tTtlt ■ A; available iSubhiuH** 
materials CHR = 15 aEtd CBR = 30; base eourse mat^i^rial CRR =* SO. 

For siuiijp-ade of CBR « 5, axle load 24,000 lb, and wiy' lica^y traffic, (he total thick- 
tiit» fitm Fig. in HI in- The eliart .nptTiCes a imiihiiuni of 10 in. for jiavemcEit aiwl ba^?, 
Tho fiurTai-e ■A ill lie of 44n. asptkaltic conerete U'aving G in. for inu^e coum' (CBH = 801. 
Tbw^ rt'iimiinng B tn. flfl — tfl) is subbase. Cidog the chart iu the reverse order, w'e find 
that the minimuca CBll for very heavj' traffic at n 10-ui. depth ia 11. Then^fon* eitla^r 
tSie CBH 15 or the CBR * ^ mah^riaS i-*s ssalinfactory for full G-in. deplik of siibbn>e, 
pmvidetl it met'bn il ralnagt^ and ffoet-reBi^taal raituiFi^EikeiiUr. Thi* C BIl « 30 in of hetiiT 
quality and would be used luklc^ the CBR * 15 material wab more eeoEiaiiiical. When a 
bitukDinomt ikLararjam bane Sb us4'd, lui asphaltic eontmto surfnct^ course of 3 in. laid itk 
two laycRS is usually AitL^faclory fsee Fig. 17^:). 

The subject of flE<>cible pavenynt cicsipt in cr»inpli-x and still in tbu dcvelopniniit stage. 
Th<" reader in diri^cd lo n^eit^nreii quotwl in fontnntea anti to current Utoralure for a 
onmpli'li? (rvat ment of tin* Huhji*ct, 

Portland Cement Concrete. ThiH w n rigid pavement compoacid of .^labs of eokicnde 
wffiirh passthrta elastic pmpijrtikw ariil can ^^^bJl'cl(‘d to structural aiudyifij. Lo^uls ah' 
dbrtTibutcxl through slab action over liu-ge ah'ujt of subpajle. The design thrary w 
CErmplicaked, how^eViT^ by the Besible natiuv of the mbgrade jukd cver-chuiiging cILmatie 
eonditkons. 

Tht' prineipal rftu*es of slrtaa in conervlv fiavenu^ntti nre wdkit’l lofl^iB^ re- 
jitrairuitl exfiamdcin, eontracljon and warphkg. uneven j^ubgraite support, EtffllrmTttHJ 
mnistuie-vuliiine chaFigi-s iiod horiiontaS forces due to braking and acetderatton, Mois- 
tuh^valimii* ehangcB nnd horiitonta! forces are usually not erilieal and wi commonly 

I ^ pbo HcUuti 6t diaUD of [laxecrMtab* titpoti*. p. 2-144. 
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ttfftlected, iThtveia ffutignwip ttvoidwi hy dDfuttniolicin mthncls whith tOimiruit^r 

WeilHwtnputflcil or nuJ^er^iJin an' 

Tipedf-fJ to i^r^uTt* uniforai Filla miift be tbortniKhiy romptirNHi Mid iitl mti 

muck or peat rt^moviKJ or sliahilmHl to Avdd peUlfiiHjnt, Sonwr \Tui*lioii in 
jiupTKJiT will rvault from WEtrping diit to difforentiftl ttiniptraliiTW hc'twi^ti tup aniJ 
bottom of jefftb. Qfi bot d£^y», The ^rfaw bt^^tuue^ warmer thmi thi" fciottom raUsinK iku 
Aati edjcoa lu ourl ilownWttfiL On tckjI after warm d&yi ihre Blab edges w\]l teoEl 

to purl HpwaitL Tht^ WEii^ht of I he wHiettito rt=flt raiEvi ikL^ warping, ihuB intrfKlurinK 
Btresse^ in the eoncretc- The frictinn of the nsflrmnir horuontaJ moyenient, 

inducing ronspri’ssion when the slab r^cpfuiding Hud temdb fftn-s.? wJn n it ia 

i-onlracting. concrFte k weflht r in li^iiflioa than eanipf\^L<itirjn, I he ccniirarTinK 

n>mlitbn U mon? eritiraJ, TumpemttiTTC stir^^-ri inrivase with the lun^jlh of slab and 
Em* mwl i fTf-rtively con!rn1l«| by choice oF *fLah dimcnsioiui. SlaJKi are formeii hy 
transverse ami bngitudinnl jciinta built into pavetneiil. Dlstribali-d feLnforci-nient U 
ak^o lifted to control cracks K*twe«ui joints. Thin n inforcciTKnt does not add tnjilerially 
tei stn-hi^h of fonetetc bul to ktvp cracks tighdy closed. 

Wbwl-!oad aw depcndeiit upon magnitude and position of the load. The 

mHJdrniini tondon stti'iiB fvccurs wfu’n thi« whtel load applied along a Inx' or al a 
Free eonitr tnot conrterfod to tin wEija«>rLl flab). Thu anmili r occur in the in¬ 

terior nr ihi^ slab at pomn tlistance from any joint or crack. This diffcienco U the basis 
for thicketKd-cdgc .j 4 >si|£M in whkh whi'td-laad stre^ am approjtinmP ty iM^ualiicd by 
var>inp tlsi tlucknerifi of paveiBenf tmm- wet ion. WarpioR flresftn-ft inrevaM' ^^th depth 
of slab, and often fldd TO whE*cl-lo«d thus cminteractiriK some of itw' advaiUai^ 

rd thieki ning the edge. Allbough nuiny two-kne rmih hjive built with ihickeiii4 
t'tlges^ tht^ tn'fid is to ur? uniferri'i tbiekni^pa designs S, ft, nr 10 in. thicks ciip'cially fur 
mult ilane highways. 

A rational for the cli'i^ign of conch'b^ pavenu-nts hafl bctn ileVE lopeel by tt. M. 

^Vi-^lcrgaard-^ In thi^ oriKiiml tbinry thna* cunditioiw of loadinK wvn‘ investiRuledi 
at a free cornur, at a frw efJKi% and in Ik: iriti*rior of slidi. Tk' toad is spn-aii over a 
drclc of an*u equivalent to tliaT of the tin* inuiritit. The siihp^ade wflctionp Hn psii uJi 
The slab iinrkr IlhiiJ arc asnumed to be everywhete propfirtional lo the ddh-^tbu of the 
fliab (ill inrhvii'. The proportionality fnetur *.- is callc-d ntExIulUf^ of wibgrti^h- reactiun 
and is e^pn^wed in pd pT Inch It may be evaluated in the ficlil by a plnte kttrioR U^t, 
in which the pmftturv on the pbue is divkhKl by thi- n.\qjl[inK dcfli-vl ion. Compuiaiii>tw 
for k arc uj^imlty lufliie from data obEnined ai O.fhi or b. Id in. dvfk.^ctionp Equivalunt 
CBK rating?to ^ v^lujuaor 100, 20ft, 300. and JOQ arc mughly 3, lO, 27. ami 38. n-sp i - 
livcilv- 

TJie WtTrtergiiard formulae arc writ b n for stress in teriiL* t^f wkn l luiul, thickm^ of 
rlab, nviiu? of eircutar loaded an^, moifuluftof suliRraili^ waclion. nuK|ulu.-^of elasticity, 
anti Pob*««pV ralto. OvEir tln^ jvars> modificntidru; havE- botui nunle in the /fUniiuSas ic» 
make thimi cojiform mnre ciosoly tn h'w arch findinjE’,* or to take into acwmnt varaition.-r 
in sui>grtulM support du.^ tu warping- The design curio's in Fig 40 an' ba.-^'d ujam a 
modifiiwl form of Wi-cien5anriJ fnrmLiliw adopiEnl hy tin: Portlund Ci'minl AsMicktion * 
Thi st' curws ppve thickniw! Et^unin'd for l^juds ptaced at free conu'm of slabs which arc 
not connccti.'d: l.c., binprt*lccte<i;' t'nii i^tb^ rwiM^ spH^ifimh Ek^ Thiekm^s d m the 
uniform Ihickia^ of sbd* If an E‘rioivak'nr thickvm'ti nip Ruction b ^h^in'^J, tk- PCA 
wccmmi nik an interior thickncic* d, = n i%yL Tin isig. ihickru^ dv|xiids up.in ivklrh 


liiuws ill CtiBwHe P^varntn^u CuniisuTi>' Ttieorfr^ -PyiU™. Airtrfp, .l^nJ IM. *nrf 

Aaab tM Tuub (m: Jutlfliiil! RobuIU Eif StTiiriaf*l T^lP *4 Tnart-t^? PaTr^HC(?l■. D^feauib^if. 

i.unn'' k l_, .j.■ l'^p iw.m I ilnvlM li. 3 41 . 


ItlOi- Add IhruA^j. Juid ApnJ‘.\|*>-Jiirf. JWJ. AUu of Uxr RatiLEj qf 

Hw^kri-L tu tte> SlnqrturtJ d ariirmto July fcJid AWKEl-t, IftJtl. 

1 '*c«vrpftl^ p»v*m*ni Davkfit, " P'rjrtiMiil CemiMi I AMJckiiwa 
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KUd. 'll:*. IJiaiiflsa *-liJ!fcrt fw twirtli^firl f^iii-inl rfiR'injEic' Ftirflanf{ 

Cfmfni 


Oeiign Chart 

For 

PflrtloRd GBjntnt Cctn£rftl« Portm^ntt 
Hoi(irig Un pro! select Cerners 


of (ajk*r i.FiK- 50>- Ffsr a 2-S-ft tapt^r vli[JE}^^ t\w c-<i$pi' Thirkurart rf. - 1.275rfi. For 
wider lapew it L* fiuim'wJmt kw, 

ttiijactJtii a]aJ» cornun* an' eoiUierttMl by dom'bi or other bELrl-tr?,n^frr di^viwti 
fonning ’“^pnitectcil COrfterJ^," tb' l^A Ellltbi tbiit itii' slresH undtT a ijivtin wh|^-t Slio^J 
L» rTeftlurL-d by 20 jtoreeni, V^Tu^ii ii.“i(iK to find Lhiekm^^ for comtirsK tb* 

alEuWable iihoij]i| bt! Inen^juKd, in ratio of 

Fsitij^' hari^ *<liowti that eonorete !^>?eiiTVi’ns will with^taiid an Intiefinite niiiiibiT 
of tcfctui repel it ioTw if inEliviilital Hlrej^i rt-petitioiL^ di» not ejciTeed oru^hiilf the nLOHlntiui ef 
rupture. When they Jo 1 hb* ainnunt a derrea-iiTiiE niiml rt'r of apphcatloru^ wi 11 

catL-K^ ^AjlurE^ For miiapity oprimtioti tb^ allowabb ai rtw \» enminoidy taki'n an one^htUf 
the ultimAte. In arvjyi whi^n- applimtiDite of Joanl eov info^^uenl, sLe PC A p^coin- 
mt'ndsi the uw* of ismati'r tl'kaii iiTkt>hiiir tb' ulthnuTo ilepa^ndin,^ i>n nuiDb^r dT 

repel ilinru^ fietimLEy cjqieriiTd.^ 

t'^03rvirpi^C« i^iTEiE^mt Doiffn,"' Ponlarx^l C^Ftpeilt .‘tAmiriiiti^itk 
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■ * X n 
Crom} Toet ff t 

ricfgtfj 


Impact ivn^tiQiiji^ asT xisunlly ji[iifi]l or r^msKsth surfuet-ji unci For vdiiclrt wjfh km~ 
piv^KsiTB pru'iiniAtif rSm<. A fattof of 1.2 m to allow for impajrt t^ffeet of 

rounhntw wbith tnnT normally di^vvlcip over tbt* lifi* of a ptivi-idn^nl. 

I^Jiico wbfcci loarl « 11^000 lb; k = lOtl Ih \i>* r inultciwablt* » 32.^ 

psi. lTiiprqLi*ctrd r«riien&. In Fi^^. 4*J 
pntpr with 325 psi, horiiorUnily to 
Jt « 100, linon vctrl.irailly to IbOQCUh 
wheel loiii:|, nnd then horizontally to 
TJiieknR^ soiIg where unifottn thiekiH?^ 
of 3.0 in. \a rKul. If rarmrra are pro¬ 
tected hy dowels, the nliart is I'nterod 
w ith 3250 W SO) = '^50 psi, and ja thick- 
iki^ of 7,5 ira. IB found. 

An **<1111 valent Ihiekened edfpr sfl^^ti□ 1 ^ 
whh protecttwl eoroers would hjkve in¬ 
terior ihli^knej^ ™ DrBiW 0.B5 X TrO 
= tl.4 liii.; andedip' Lbieknesa, d, * 1.27od 
- 1,275 X ?.5 ^ thh in. Since sitainlard 
height of formB is in full inrhM, the neair- 
fst bi^er full inch thJeknces w'ould be 


f iJmhfm fy/fe 

^ _ mif ■! 

cuf^e 

Fio. 50. Typiffli ccom iweltoiika of canerele 

pa'veiiienT. 


iLictJ for edgbw (10 in.) ami uiiifnnn slobs (3 am)- The interior Uneknesa, which is 
by inanjikites, U rDunded in ncikrt-Tit hit^lier H ^n.), 

b UH^ to krt-p slalw in Hlisiinicnt and to dcanlmUrflckinK- DoweU nr 
ntiipr Idiid-t riiii^Fer devint* an* plansl arrosi^ irtutfn-iw' joiiila (Fsjf. 52) and tb roLb of 
a^^inforcinK t^icel aerots longitudirml jointB (Fig. 53 1. In soim' diwigna a inytir uf wolili'd 
win* fnbricp or well-distribut&rl niinJorcing of eloBely sparetl jssnmjl rtMls, is piact'^l tawr 
cniin* iplali an*s. fietwet'n lraii,sverse cotitraeijoii or expansion joint partietilariy when' 
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J- in. 53 . Typiml luhipluduiaj joint# for con- 

or^le iiavofTiflnt. 


FaoL 52 . Typai'al tranaverw joints for a'niH 
citete paTem-entr 


joint spacitiK IS over 30 ft. The weiittit of fabrie is abotit EiQ lb |!vr 100 ft with the 
greiLter weiglil of win* (tloiier win’ spaoingl plaw'ai Ia>ngiti4din4illy in iha- slalj. 

JoinU.'^ A fottpi'lbr^fiTartf jfflRi h forfm.*tJ at thir cenliT limj of two-lane pavomentp and 
bLtwtwli all adjnn^Dl taJac'? in r^aveinentaS of mssre thnn Iwo-latac width (Fig. 51). 

L CofudtlHrtiiiptw fur F-vraiwit Jobw wi5 Canrrete Jl^., 

infrtrriht fur Cmrk CutiUtA, Am. CitfWTKif JmpT.. July WJid tk-tiibcr, lUlWi. 
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joinia pnL^v^nl jui-J mutightly locL^lLiiliruJ cmritw; they alw serve as imfhr Uiie* 

AEil fbcilEt&te liiiiL'“ut-Ei-litite eaiiatn^ct jun- tj>nKiLudiTiH!l joints may be fomic^i by bul- 
titix lwi> fflaijd^ of tmLTortM thiekinw to^-tb^L by imprePf^ing or sowing o groove hi con- 
cn>U% or by pkei&g a deforrriA'd tm-lal plate ai chi- joinL thin* pro^lneing a tonj^v-anrU 
Krots\'o ronni>^llon betwwa i=talitff. Tlie Ifllter h URial praetiee in ihiekutk-^l-iiiiKje di^aigii. 
AdjoliiinK ifilabH hji* bi^ld togi^rh^i- by bonded tie roda^ uauatly *4-ih- toilM 3 ft bug ex¬ 
tending equid lengiibii into adjacenl pUibs, and spaei'tl oiiout apart. TrtjnjiKTsr 
yoEiiff an» prcivid«!d lo control prLSKt= rrorking that wonlsl otbutrii^^ weur iM eaasp of n- 
Htrained contrawlion ttnd e^panaiDn and warxdng of the pavu'nwfiL. Tbfini bji- Witw lypej^ 
<F3g- 52): f^xpnnawn jmnU whieh are about in. wide and runtain an eJa^itic fiber, eon- 
Jriiilioa jotidJE whieb an* fnrmed by a gronve in the paveirient abcuit one-r|UftneT of the 
depth, and uorpiftp whirh an- gri.'M>vi'<i with homlod reinforring running 

jtenK>i5i i hem. Tb* grotKve rreatee a weakeiiod section i n I hi- pavenn'nt wh^-rt- emekii an- 

et|:h‘etcH:3 to occur when the pavement wn- 
trarlf. Eyparu^ion joints are installed 6aU 
jaeunt to fdniclun-i or other tibji etp. 
They ani omitted in the paveniL'nl in 
tunny 4|i?ipipiF or placvii &i bug inUT^^alff 
of 4fl0 to liOO ft. J^inte eoiirrete 

placMi in wnrm wenther and shrinks 
in ^let.ling, (here is litlle fu«e«i fot expan¬ 
sion Fpace. When \Atd in eotd wealln r, 
expansion joints are adviaatile to avoid 
buckling nf slabs iblowuptil. Contnu-LioEi 
or Warping joint^t are S|saced ut 15 Lo 25 ft 
(Fin. o3ap c) depending upon Ihe expansion 
clfcamrteri^tief of the eoninUe, \V\wn 
tvire fabrir reinforriiig in pbriHcJ 
eoEfct.raelinn joints the jj^Micing may kw in- 
err^uHvli Fig, ExiwuLHioii jointr^ an" 

filled wilb pltflhle materuihi nueli aw bitu- 
tEiinuUA tmprpgjmltil fubrie, i:ork, rubber, 
Eli id rubkjer blex. Redwood fiJ tenfi bnVe 
alB<i twH'n used. Tliese ofTee nwidtaEiCE" to 
the elosiJiE oF the joints thu:< induelng ^iiie 
euinprt^sion in I be ikb which count erEeLn 
whce.i-lEiaiJ aEiEi warping Luoalon slross and abo flerviai Lo keep contmctioii joints uEid 
i-mEjks elQM!d. iSmootb rcKlnd dow^^ls ur spfvcijhJ lood-lmnsFer device# art ptai’ctl at'rOAS 
l‘■!Epam4on joiiita. Lkiwclj^ait' % to IK dmmrter^ 15 to 2-1 in. long, and apaeid 12 to 
15 ilu ulong the Joint. Uur^balf ihe dowel ia oikd lo break the hoodp and a rnp or alr'tWp 
placed over ih^ oiled end to aUow niowmrnt iit or out nf the conerelc. Coiilractiun 
joaEit^^ iire^ eOEumonly filled with hot-pounxJ rubber'anplialt or with cold-upplicd iiuistir 
M'ikler. DowelHi are iwuiiby placed nen[l«^ jointH wilb the honrl broken by oiling but 
w h h no ea|j un lb e end. I n some desigtk-n ihc dowels are ondl toil ami T he in tf^rlca; k of ( 
nHigh fraeturecl faces of conerele i# relitd ujmui lo imnsfer aoiut! Lrjad and kt'ep the adju- 
I ent sill bs in nlignment. Warping joints are a LieiikinI tyjai inslnbi^l to ndicvo the tenaioii 
jcIrLiHiieH up when ihe pavemrni iiltempt# Ut wariJ or I'lirl. 

Cmtiriii. The nomiiud propiiniom nf eoncfete an- aL»oiit 1:2:3 or 1by vidumv 
For iiurFan-15, and 1:2J i:5 or 1:3:t} for bai^r* rouj^^. Tbi^ esacl proprjriEniu riiivle by 
weighr and rlepE^nii upoti the naluje of Ibf aggifgatetf ami ibe sSn rtglb anEl wcirkabilEty 
desiivil. iSei^ IfwCtion 7 for Ccluebt ape^fifieatiutu^ and thi* design of concrete mixes. ^ 
An ''air-t<iitrainijig‘^ CGme^nt or an air-EMitraining agent w used to impniva Lhi' w'^irkaliifity 
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Altai note brorpirtg and contraction 
joints. 

]5^^. LuiigLimUEipd «Ti.uniB Hhuwiug J oint* 
and reiolwdTig for roorFcU*- pavrniEbt. 
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HHil iluralillity of thu* The imirtunH eir formis vohIp thmuRhfpm th4> 

rfirii:;n*te n hiph wattr pi-nct nuion und minimiDi.- w^linfi and unnh^r 

pealed ryclea of freexing aiid Tbi- waTer-coment ra(ia U jspfH-ified within the 

rajig^^ of 5.0 lo U.O jciiS per bag nf ecrmcnt, anJ the lulnimum eeinenT oantent 
fantor) fmni 1.25 In 1.155 l>bt i5.Cl ici 0.5 jh-r cu yd of mnert^K" producivi. The 

pKHcl cdnotinU ipedli-d tlepoinJ upon ibr of the mix. Thi- moLFtiire content of 

tlu^ HggR'gutii! hi- deiermuitHl ajid di^ijeU^d from die water added at tbe Diuct'i. The 
anil thi* ix'xnent an* i|.miulEy tL-^^uiblLd and prof>iMi;ioilt^l at a Itmtetrmt yatfl 
iiL^ar ttu' Pinjri'br of supply, s f&ilroail sitbnjc, i^mvel pit, ar quany^ The ftumd and Btone 
an- In^bd'bid by a erane into ele vated bin^ and weij^tied into trnrJL^ in the propel' batrk 
proptirtinn.^. To o^Jtain a weli-graded the efwrae a^mKali* atoek-pi]<*d and 

proportioneti in tw'o wparated oa the ?i-in. sereen. Ceinf nt iis add«l to the liry 
liatch in bagp; or, wWn bulk cement ifl it is weighed into tbii batch. Dry batchefl 
are tniiifporttd to the mimr in compartment? in tniek?, With hulk cefni^nt, batch host 
ceiHidneriii arc iirm. 1, or the batch compartment i# tighlly co^ertdr If trniml-niix tnirkR 
are ukkI, the liiy- inj^-ilicnta are chargeil into the mbeer at the material yard and the 
Walter addtxl ju-t before iho job id rc^tad. In cit_v‘ wo^l^^ neariy-mii concrete ia often 
purchjuad from a conen^tc pEiml uJid didivered Ko the job in agitator tnicka. 

t’oiijifnicfioa Sei?l’] pride hn-md an^ puit to true lusr and grade and firmly 

bedilorl on the dubgmde or found^itipn couTRi' piO that thi'y will not settle or move durln^t 
con^tmetinn- Meehaniral tampers are used for this purpow^. The uea bclwu^m fortoj* 
id '^fiiu'-graded/' compaett d with a light rolkrp and for imvi crods ^tiou with a 

lemplate liding on the forms- Thi’ Bubgrmle h sprinkled iinnictlLatcJy in front of the 
paver. ,H|tiitdard coaerete pawrs are 27E (1 cu yii’i nnd 34E cu ft ! cnpocities. Thi+ 
34E moflet is usunJly made with dual drums, alinwing two hatcht^ to fcjc Eni.xjng 
iaTiefiiL>*ly, TTie- pavers ikn- end-dump. An overload of lO ptTrt?ni nf capacky I* allowed. 
'Fhc diy' balehes are dumped from truckj? into a steel apron nr "'fikip" a1 the rear of tb* 
ntiwT. The I'kip is elevated, sliding the materials into the ni volviiii; mixing drum. The 
-"Pt^dfieii amount of wmter (after aElowing for moi^-ture in the aggn^ipitoR) is added, and 
I hi’ concrete mixed for 1 lo J ^4 min. ft ts then dL^-^hargid into a huckL't Rbispioiilud from 
a boom whleh mov'ea oui\ &vur the subgrsde and dciKwits rhi* i^mcnHe. In orow^d^Hi 
locatioiu the mixer may tnivtd bcl-wcen the forms; preferably if shimkl travel at om* 
iriiJe whuro it will not Interfere with laying reinforcing or nthfmiw disturb ihe finL4hed 
grade. Siim|]le iM^ams fUaJ cyllmli nt nm caft of conende a.^ It mmi^M froin the mixiw, 
curl'd in the same maimer as paving concrete, and kter re.-Jted for slrcnglh. The con- 
cjvte ia ypn^ad bt.dwisMi the forms by A meehanlcaJ sprearier which fIL-d ribitit^ ihE- 
Crete Literally b^twism tk; foniia and roughly strikes it off a liitle uliove grade. Wlien 
rual reitLfarrena'nt is lo Iw installed, thi- mncn'le id roughly .‘'truck ufT alKiut 2 in. tadnw' 
top tif fenrui and tk* mats in pilice. The coccn-te \b thm brought up to the tup uf Ihi* 
forms. TIm^ concrete is wurkixJ around reinforcing and Joint sist^eiiihlit.'s by spmiing or 
hy hand vibrutonH. A nuMrhauieal hnishmg machtnep muning on the Ftrikes off 

f k' cunrri'to and i«hapen k traii.-vrrwly to thi! proper rrow= pection. iV'ben vibratoiw are 
Ui^*d, frc<|Uently as nU attachment to the Enklling mnchiitr, n dry- concrete can be URed, 
and the it.'qt|irt*d stnmgih obtained wrilh less ccnw'nr, Thi* Hurfaee is linished Inngi- 
ludinolly wit h a 12-ft float worki-d mechAnIrally from a machine apatining the forms, or 
hy hand front Ivmpnnify bridgi'S nertK-i t|ie frtwh pav-ieiTHrot. Any c.tct'ss moktum or 
laitance aplx^Uring uti the surfiwe is scnil>ed off Iin4l depuaib*d UUt^dde of the fm-nis. Thc 
surfaco k tested asalnHt a lO-ft straightedge- .Snaa>ih[H>ss fi*quirenamts am no Imgu- 
larky over in. in 10 ft. Thi:> surface is then rouKhened hy btooining or burlap drag to 

H'ms Alf-KnUMinlnjfi CucifTEle la Pa¥l»lltCfttl mui fiiikwav H^waorcA Board. CvrttiM ffeuit 

* “CunrTwio Pxvwiitibt MuiuU."" Pertlmad Cemmt AiMocrnLUiq- Aifl[j ‘ :aped flf i kifi i f«ir Coai^n 
Pmri!5imEit Cii^trucdufi,*' AASHOL 
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gjvp n ^oni^kitl tcxtmru. Tlif hlaij fljiil joint iNipi>si are ih* u raiimiiHi wiih jitv i^pnt? tool. 

rurin^. As sr>oii aj^ ihv is ftnlabHl, roTicit^ti? h eoverwl wifli n proErfrtivi? ma- 

tcriBl iqic'l! as biirliLp itml ki’pt wtil. Wjibin 24 hr, tb' burlap » regjlttn^d with damp t'anh 
or ftmw whii-h w bnpt for about 10 days. tHhtr ciiriTip; lhal frtain wittier 

in the eonm'te hy pre^ ntiPK evapomiioii nrv hk^t^vy fitn-r nmt^ aiirl white 
membitinefl rtpplied to the fresh concriite- Traflir i>c itsiiHily not nllow^-d on the conrn^t** 
for fthoul 2 wfek?^ or umll the tus? bnanis taken at tb- time of poLuinK i^how a mtxiulus 
of rupture nf 550 tr» fiOO \m. ^liph^■a^]y-|!l ri^npth wnu^nt nmy [}c iwid jji special rsj»e,i 
where it ru^^ssaicy' to ofnvi ihe pavifiueai lo traffic sitHsn &» pne^^iblc. 

Trmtfic Slgas^ and Stpials^.^ Rrfftdaiifr^ are ur#s\ to require a full stfip on minor 
Rfreetj* entering a through way nr at L^olato^i, dangerous intereec-tioiia and to indicate 
pt^rmirtsible at different ioratioiw, n'T^trirb^l tummg nukvemr-nt^, rn^trirted pakhs- 

ing, om-way traSie, parking limitations, etc, ll"uraLn£r an* plajrfd in HJivance of 
unusual condiEiona n^qul ring a reduction in sfa^Hl or spt^cial cautioti. enrh m sharp eurvi'^j, 
steep hitb, signal Tights, IraRif circles, thickly -vttted distriets, echcMils, pedi'strtan. or 
anlnuil crusamf^, aiad rallrodui rrossin^. The more dangeiinis the hAr4iri3. the inon^ 
promiiiL-nt should ta- the sign. Gmdf indicate mute nurda^ryi, din^ctinn^ and mile¬ 
ages lo places, names of strennii and landmarks, etc. Route signn should bo placed at 
and in advance nf all intersections and at freciuenE intervaU aJonn the route. Changi^s 
of direction at a Junction should be indiciilerl in ajlvanco. When* more than one route 
fdlloH'i^ tbi! saiue roaii, all route nunibt^r? should bt^ shown, although not nl^el.‘!^^a^tly all 
on the same iHist. The design and color of traffic signs aiiil markings have bwri sEand- 
arLfized in "Manual on Unironu Traffic Control Devices for Streets and Highwxv« " 
These uSaudardH an^ giuiB<ra1ly followed by the ?tatir? atul muniicipalilik^., 

are reerangutar m shapi^ with kFng4^t diiuihnatan In i^urt tral ilirmion, r^'ici^iit fur 1 hr 
stop sigiv wTiich is octagonal, b'ljrm'rti? are dLainond-tfihjkpti;|, except railrujid-gmde^ 
crossing warning signs, w^hich are eireul&r. Vlry ri^fir c>/ jippis are triaiiEUlar teith 
bfUM- at top, Giulrir ur di'rrnffonii/ are rrcLangular wish the longest dunifBision in 
hoiizontal direct bn. Retl color uii^-anji stop and Es aa liackgri^und for stop }^igiiF. 
Y'ellow, denoting warrung, iis mitd on warning sLgn.*<;. GEilrh- signj* usually have black 
letters on w'hite background, although con.«lderabk oixperimentatiDn is being made with 
different types of lettering und fhfferent coloti'd backgrounds, especially on high-spBt>d 
highway# when^ vislblity at long distances Is esst^nliai. an^ inaili- luminutiH at lughl 

by n.-fft!ctorizing messHge, l;^kground. or both. Figns or flood lighting ksonu*^ 

limes cmpb^-cd at daitgcniys locations. /'«i\eTncrtf ™TrHn(j 4 are used to indicate the 
renter liiw of roaftway, limitv of traffic lanes, erlgi-*? of pavemr-ntt streetcar clearance#, 
boiimljme# of p^Lestrian crcwiF walk;?, ftufety zotu™, stop lines at .dgnaliEeHil interweEion#, 
approflehci to ol>stacleF, etc- Fimhin^ an* u3iH[ to give warning at dfl^gH.'rou!* 

intcraeei'iocw: a ffashing >'i*llow lijfht indicates cautioni a fU#hin* n?d light mean# stop 
befuT^ iiDteriti^ 

TraJ^t tignaU ate of afcvcml lyptitt: fizedM»\r which op4*rato rtjntinuoin*ly on a pri'«'t 
tiUiifii^ Hovrdirttiitfd which refera to gmups of intcrcotinitcbHj Jfigruibi which may operate 
MmultaEU'Oiisly or on a preiwt Fenjiienw* ' progression > ^ prcffroTafficd in whsrh tnuo' than 
ofH; (Lxi'ii timing can hu duFpKv^-d, sueli llf orH^ setting for morning peak, one for off-p^ak 
and another for evening p^ak traffic; Fe^affroJiTc uztmtM In which grinm miualiin on nuuii 
Ftret?t until "Mdled'^ by vehicle pasrittg tiwr a deteetor in crfjas stnnitj/uWjy tidutiirti in 
which signal timing is controlle^d by n-lativt' volunui‘# of traffic arriving on the various 

I Fof a ijuQif^C^ LFcAliev ua this whject, w*t ' 'M ukt4pl H Trtffln CartroE Upricsi fur 

sud Ih^wjw firrp^fvil by Juuil CikmiiLilUy OI> LhkiliVtii TrtdSc Cnikrpl t"ivTlr,m etf A^ifEtQ. Pf^ioikhl 
r4&tiHiy Cb4pE-i|, And lniPUil4 TTnfEi^ J^l|ciii4»£nt. tFiBbtieilircd. hy Pkiblir AdEnidiintrflbion- Rr^'MHtd 

''Policy «tl MslnbraiKC of s^cty and Tr^iEp Crmtr^t I>Cvji^6B ■ad lt{;LaErd Tnillr Scfvkw." 

A.-IaHO. 

A1k> mm E^iionriinn- IfAJidhnoh." joint IFlbllrmEinn erf IfutrEiitir of TfItBk ^^inwvi iirid 

Aw>d»tkiH of Cmadty and Cb«.. N*w YoriL, Hiid ^I^w^i.llurTii, ud II Dm, "Tirnffic E^JtiiiDetiEUL" 

McGj-aH^IIl]| Book C 0 iq[Mi]^‘, Lir., IDsj. 
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nmd palr^iruin utizralvd m f^'hleh h piftLen^ ri&ii intL-rk^Aj is givi'n whca 
irian pu^tn.’s ndLEuI caJI hui ttsn. niay tw i>f lh« pr%«wun." pUite. mAgOftie 

or ffttlar-ht-nm intenN’pt typo. In timing sigtiAi**, ihi* objprt ig to seitTl a cyck bngth 
Aiwi Ui dwtributr gtiKu liny* .so tlint nil n^fkehing ihe intersection in cuw r-iTfce 

wiil tu- ab^.' to fiiLMi thmugh oji the Hrrii y^nvti phAsiv Autormitie HignuLg C-Eti ly^tit nwN-t 
this requirv-mi't]L. typii-, BltLotigh ino^ rummonly ustjd, e^bhiuoI adjijjit to 

s'lir^iixg trEilfip dfiimTid:?. They usuiiily tiim-nl for poak-hour tralEc and thus give 
cyeliiff n-hirh an* iw> Eisng in otbrr hours. The ij'pe of control ailoplihii nbuislil the 
li-ott Ji'sineiiv'e that wi!3 luititlJe the traHir with safety, l-uwamuited si^^nala eaiL-^ 
unutiwwar^' delttys, eiLemirnge vii^lations, and often cause acekleniB. Mininiiijn condU 
tiuiis warranting t rafhe sigmii.s are recommended in -MuiLUaE on t-mfonn Traffic Con- 
iml Df^vicea for Stn'ots njiff fficbways."^ Thi? miniuiuiu traEir volunn* w'armnling 
iis^N.bt imH sigEialH at tbi interat^ction of Twu^tiuie, twis-ttay JiTniJPta on highwa>Tt in urbnti 
it* pn^scntied sts nion^ i ban 4&d vehieles per hour lor i*fteh of S hr of an avi>ragi* 
ihty entering the jiitersectEoiJ from all upproaielirt^ jzu'^tucEing ui least 2ijt> vehietM per hoiir 
for ThM" same S hr entering from the minor stnvl or streets, Tn niral area^^ the ii-afTie 
figuiee are A-dueed to 5CK) and I2S, raspt'etively. When trafUt; volumes laJE fcadew 
percent of tbi’ above mininm for two euiuf^ieuthi! houra, signals should i>t» ehanged lo 
flashing opt-mtinn, such as flashing vollow for eautinn on main street and flashing red 
on side street for stop ami enter eontruj. Ij?aser (raffic volumes warrant atgttal eimtral 
if ihiijv in rtJTWilerable lift-ium muveinent^ heavy pedestrian traffic, uhtmmE acc;idr-nt 
hasiml. Dr wiiyn the signal k one of a coordinated group. The imnlmum arciejent war- 
mriL Ls five or more aecidvnts of types jmsecplihlc of corA'Ction by signals ornining 
within a year and Involviiig pH^rsonai injury or property damage to iW fixtent of $Stl or 
man!, .^ignala should Iw iTbUalk'ci only after a thnrough study of traJlic jnovvment^, 
approach epeeda, fteeidE^ut oxjiericnce^ and physical eunilitiona at the inlersi^piion. 

In large nties C'^xlensivc cutirijinated #lgjial systens-M iim in oiwration. Tho cyelv length 
is controlled at u etoiiraJ station and the Einu' dkliibution at each seiparato sipml in- 
KtaLlatiofi 19 (idju^toil Ici thi- traffic doniuiiJ nt that jotcrficclinp. <)q main arteries an 
effort IB niaJe to coordiiuiti!' sigjials lo givi’ firugt^^psicm in both dinTtions. i.o,, whiclos 
lUiTiTiiJg i he ayatem will bt* able to proc^ieil al t In* st-J s jm> rNJ td proKO'-.^-^inn ami rneer a 
green light at eacdi i ntereect ion. Fnfquvtitly the liniiii£ of prugrcpsivc systeni? can be 
varied Eo til ihu diffcA^nE traffic demands in nioming, ev'v-^iujig, and nff-pcak hours. 
Ctwirrliniitlou k usually *UTi>mplishial by iiiteretmni'cling cabEi'n;. Rmlio inEi*minni’C!ion 
is aipo possLbkr. Hjnev signal mechanisms an* up^-raiisL by ffxuiehrrmnuH motors, Ehey 
van fje roonliiiiiti^^l by netting di-sirtHtl nlTsets in cytle Htaniiig ticne manually using a ^op 
watch. Tile .•'^■Till-in will thiui n^nudu c«^nliitali-d !*o lonp there is no intenupfion la 
fKswer st'rvive. 

Highway AppuTtcnancca- <?Nurdruif' ts nivik^ aEong t^nibarLkineiUs eiVE*r aboijr 10 ft. 
high whi*n^ side slopt* er sreeptT than along fjodies of water, ami at alt plactns where 
thi- driving public recuiiri'p pnitection. They an' mouuEtHl cm wooden or rohetete 
nlmut b ft kmg, spai'i'd 10 to 12 ft apart. Differt'Ul typt^s of rail tuv uw-d, nurh m wouhI 
planks^ wiro cable, wEivcui^tvl win- fai>ric, and smooth or coiTugat«i steel pEaii*. Tlk* 
fnnctlon of ihs^ guard Lh to deflect tlu? vehicle back onto the rotwl^ rather than to wtop it 
sudik'nly with “evt^rv damage lo vchirh' and injury' to pftii.+t'Eigvi^. Hitopv, the rails ar& 
iiiouiilvd low onough to make* eonEart with bumpe-n^^ whtHk^ ami Ehe strim+o'r fiarts of 
thi- vehicle. The guEini shoiild be painlcd a light color with reflect oriMl {kueiL When 
cable is used, the ikwLn sh[i[|ld he pjidnterl a light color nr (‘quippeil with ligbl n^floctingde- 
viri's, mfMs/crE pforiA'* attKchinl io|HiRLia at hub height haw lalcen the place of the 

earlier 3CHn.-high Wixalen rails. iriVccaWc, coitsi^iiiig of two or thni' gaivanlAcd^ 

St£ 1*1 wire CBbtes mounhHl oti wiKHJen ur conen'-Et* po^Es, is a common tj'p*^. It ifl strong 

* EtpflhnikatBfiAfl Iticbum^ Guurli, .4A£JJJO, JLt5i2, 
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yft yttflil* filighlly and difitribuUA the gnpaeL isf a tmllbbn tcs sev^fml pKwta. irown-trirs 
i win^lapi>) j^uani of dimwn anrii^kHl-i^u>vl wirt of hijsh stri'nictb, w 

into ft continuous f&tiric tuid mpun^^l on posia. This type i? more vwibU* than Uii' 
£;tftnctEyd H m. cabk typv. MHal~r4ait guanlnul consiats of a coiiTtnuouji gtdveLnisted- 
stwl pltiti' of Nt»- IG 1- in- widL% aitnrbi.HiJ to posla by moan- tif sti-ol springs. MtUal 
iLDii caiile giiATils aro olTsot from poste to incn^HM' imiMict ul^sorpliori and to eauec* vehicle 
to ^^trilfe and sbde nJooK Ituard rather t-ban to rontaet posts. Tta^ ends of ibL- guard 
are imebored m tbai it will hold even when individiml pcwts aie kuDcked oul. 

Gutter#, ond f'ctfcA Bairins. Ciirlht um?il in urban areas are of j^raiille or p4>rttand 
cemant concrete, Siom* curbs arc ueuaJly *5 lo S ft Icrn^H 5 to ® in. thick, and ll> to 21 in. 
in dfpth. Concrete curbs an? coal in krigths up Eo 10 ft and width.*? oF 6 or 7 In. Tbi^ 
base of tht-se ciirbi? Lisuidly widtir thjm the top with the front face bfttierrd- Concrcti- 
cur bo tiiay be cast inletraiily with the pavement or guttiT, The- bright of curt» fthov** 
pavement vftric? from iB to 7 in. ll should be Jow enciugh not to conluct njoning gear of 
veMele, yet high enough to cemtmii Sow b gutter. ;^loping curlw of light-ctilored ron- 
orcte or inclined stone abibu are uM'd along median strip? and around traffic lEland?- 
Th™ curbs should not offer t«a nubsEanlkal an ubitnieEiDn to vchiclrii forced over them 
ill aik omeritency. Thisy obould have high visibility at night. At hazardous lnHcations 
curi?s are often puiuted wiib rcSeCtiog materukl. Lip curbs of bituminoue conc^rete are 
iJOjiu-riiBHas used on rund highways or on residentLat streets. No speciaJ gutter eLetion 
ES needed on hAnl^ourfoced pavi-immEj^ wilh curbs. Pa veil gutters of bllujiunou# eon- 
ercte, cetnea I oonerele or groiited nibble jiit? built along rural highways where needed to 
prcvciit exec'iSRve erosion. Gutter flow is rii^charg^?d into drop inlets or catch basins. 
The former are box tyi^e nhouL 3 li deep with grating on top and pipe beading out from 
the bottom. Catch baHins are mjI with grating adjacent to eurl>. They an- G to A ft 
deep wiEh outk-t Mbout 3 ft above the bottom leaving the lower part of basin to eolleel 
sediment and debris iFig. 4Sh tn urlian areas gutters shouhl have a mimmutn slo|ie 
0.3 to 0.5 percent to enHiin.^ prompt flow to catch basins. The latter Laid inlo a stomi- 
9 cwer w'hicb i? di^gncd iw explained in ^^rction 9. 

* are built of graviL'], bUumiDOUS pavement, Portland cement concrete, and 
brieh. The gravel couaints of about fi in. of compacti.^J gravol with a surface cover¬ 
ing of stone screoniugM, The portland cement concrete type is laid 4 or 5 in. ihick on a 
gravel ur cinder A mi.x of 1 ^2 h 3 in recismmended for n nriL-counic walk^ aiKl ft 

i 12.5:4 base and a 1:2 mortar top for fwn-cfHirw construction. Widths are 4 or 5 fi, 
and the walk i» dividiHi into 5-ft length? by cantnurtion joints. Expansion joint# fillivl 
with bituminou# niaiertal are advisable at 50-Ft intervals and where a long length of walk 
abuts n emw tTjrb, bj at stit'Ct intersections. Hitununoua .^idi^waik# are common in rural 
and Ttwdentlfti dijstriets. The foundation eoium' i* 4 in. nf Htonc, alag, ciinJers^ or gravil. 
Where there b* no odjaceiit curb, the base should be 4 to b In. wider than the surface 
cnuppcp which consist# of 1tn 2 in. of plant-mm^ bituminous ennerete, either hot or 
culd mix- The sidewalks art' sloped lowaitJ curb and gutter for drainage. The unuai 
erci^s slope i# 1 *4 2 pt-rtvnt hut ia sOmelLrnea stt-tpL-niid to (i pirrt'nt in making adjiisl- 

nn*nta lonund comere of street# interseeting on »tceE> gradi.^. 

Much attention has lieert given in reet-nt yeara to devclnping rond.t^lde 
Ift-auty and confrulling eroaion of slopes by planting grasses and ?hrulM>. Existioj^ gniwi h 
IS cut to provide vlirfjM of sceikie l>eikuty or to pn.^vidf tbi? required sight distance on 
curve#. Tree* and other landmark# within thi-' right of way are prc'Jierved^ where- they 
do not prefk nl a Ereiflic hnunL stati-* havir poxsitil h^gislation conEreeling llw^ 

of the roadsidi^a for cummi rciftl purpoticii: and for advE^rtiising sigru*. 

1 "Caarrria Fbv^iincnt Msnual'' ftad '‘CniVJirle tt-MJki. DiriTwik|-v Lndi Portkfid Cempnt Amm- 

f-ia-tipp- Ain ".^plkiO-l iiMJLdhaok,Aspfalflt IniititUti^ 

* RwiaUlf D«ytlotiniint Ilrpqrti, Ki<b%*y RntiftritEL BeiAid. 


ftOiiPB ASP P.4VEMES11S 


2-115 


MAJntfrjuiiCfr.* Frumpl ah«l i^flickMit tui&iiiii-iiuice uf highwfty^ and bt 

la ri'tidii ihi^ vnlur; df ihu ijriiptuil ItivusLtm'nt mid lo kc^-p the tw\ in K^r^dceabb cdiuii- 
Tsnn ftl *1] timrs. Tht^ri' are llitw of tuoiiilciuiiict^: that ptirPuTiijiig to the ^oirfarv, 

nr T^ifliiwHiy: thai nn idiouldtiiT! of mitclHdeit mid rtHuL^bk" 4<-lnictun‘:eiH und Khni for the 
Ijenefit of t raffic, #uch »vn imunteniuioij of and the nMnovnl 

of pnow and sanding of i?]|pper>' 5urfn«^. In cjtitw, cienninK sireetSr gutter?, and 
tatch i^adm h also required. The nmintommee of lintreatod purfaeei^ i.tf hliiding 

or dragging, btmI the oddition nf nt^w material. Bitsiminou>i nurfaft-A an? miu.ntairu-<i by 
patching and surface treatments. Bitimunou^ patching mfcKrEin*i< am f^ttimonly iiA=d to 
repair surface dufects, although, in the case of high-type pavonkpnt. It ts ln+tter practice 
to place fartikanenl patehes of the same matorifU ra the firiEiTiaJ ffUjfBCi\ Patching 
mixtiin? ediuoat of Eiuc a^n'^U^ mixed with either culbark oaphall i RC-2 for warm 
and MC-2 for eold wenthuf ), asphal t emiiJsion or ml hack Ur 'CBRT-S or 

The aj^O'^te sire U usuidty in. to Xo. S. Patching mislureF remain pSsiJitic for !*ome 
lEiw^ anci may be .‘tfock-pileU and uat-Hl ti^ required. Ij^mall areas in surface-1 mated or 
fiilmnJnnus nwiwlam mfuifi tfint fIiow atgtis of raveling may he flkiTi-|»tclu"d hy applying 
a surfan^ Imriment to that area. Hoh^ in bituminous maeaiJam ahnultl bt‘ cleant^^l oiil 
and «piflFed offn the edge* painted with cuthjtek, the hole filled with fti;gn*|faTe of itir 
i^fl^me dimensions ns in the original top ctnim*, ami penal ratid and praJed in ihe ramc 
manni^r as in rhr originid pnsempni. Crtiofl rwnihF have also la-en by patching 

bituminous macadam with phmt-miiE taluminous rotictvlu. Defect? in bitiiminou? nm- 
crete type* should be repaind hy rcmmdng a reetnngiilar-shaptNl anai of the lop c£Sll^^^e^ 
Inctuding I he defeet^ and replacing this art^a with a pitch of the same composition as the 
irriginal surfuce eourwe. ^ihnllow' depression* and fnilun* in ci-nu nl c^mm^te jmvenHUits 
can W Teptfured with ikmsi', fine-gradcil bituminous concrete. This it necessary bcTHUiH 
thin patehea of etnsent concrete will not HAlbere in old cEHicorti-. If the dwintegFiktion 
extends through the depth nf the slnb^ a rt^elangular portii^n itiot less than about 2 ft on 
a sklel may fit chistii'd out and a patch of drj’-mix i‘eiiiteiit conen-te vibnit+nl or tampwl 
into place ami finiidit.el to gnulc. TJw^ jointi and cracks in the pavEment an^ filliHl 
periodically with asphaltic, tar^ or rubber-bituininnus nuUeriiits siiiplluil with n pn^sMUhe 
noKKle or pouring tan. Concteto pa^vmenta that have !^^Ltli.aI badly can be nalrtiKl lo 
irrwle hy "mud-jacking/^ ^uud] holes are drillLd thnaigh the m^tl tt*d slabs and a mkliuv 
of earth, watiir, and cement is (nrtvii through ihew* hidoa onto the subgrade- .Vsphjilt is 
nlw? uwd for thn^. pur|s:wo in a prtwt^ <tal}ed "sukHeHlinK.^' * h ncjl only laisi** ihe.*cEaba 
but abo fvals the suhgrade against whaler penetratjim. Air-i’nidltttil asphalt having a 
mfleniitg ij^dnt nf IfjCI^Farjd pi'tierration of 30 todfiifl h'alisJ to idmiit 4nO'’F and fnmd 
through holes drillind in the pavrmimt. mis in rity pav+^mcnlfl shniilii hi^ back- 

fillnd with granular material, if fMJAsibh\ or I hi' earth shoiikl tv eivinpactcd by UbmpinK 
in Layers or by vibrating. Thomiigti eompaciion m lessential to avoid pubiiequi^tii aelllc- 
ttH^nt. The ha-f* ctmrw^ i-if thi- twt^env’nl Fhoulfl rut >i«ek ti tn 12 in, frntn I he lolisi^ 
i;ir the trench and replacetl with new boft^ of the sattic ehanielePr l>iiiiiLju’Ly% thi- suiietce 
rouFfVp or cnursc.^s, shouhl In- stepped liaek from ibe c<»ufA^-i:n-tow% Rnad-'ddi^ mainietuuiei- 
inch]di>« care of phtjuldcrsn diteheSj fmctv**, s]opi*si, nitvertaH ^alL?, bridges, and landscap¬ 
ing. \n r^fficient urganiimtion in ^-tyi^ntial for pmtispt sihpw removal and sanding. The 
raiid is frequently mSxtii with ohejiit 100 Ih of ealtium chlnride pi'r cubic yard, which 
birilitnlos tbt' handling of the santi in mid! weather and at«> hclpc in emticd the-oand an 
^ nijpper;}’ siirfflee, In miintripalilies, rewk oatt without san-d i* Hard to ki-epstn^'ts ftw 
of in*. This eliminate* aceunuilatkin nf KiLtirl nti stn^'t,^ and in catch boains. 

1 "Kditiry -ert] MabitniiiJicT n! .L4SliO. AImj "Anyhalt mi 

V|llJthltTiHJicv mnj itMurtarins, uid ‘■"TkjttIm Mblijuriil/' Haiftrtl tUypiiMi, Alikd. C^cBtkal »lid iJyc Cnrp. 

* ^ti£^tbod» f&r FwTiintinff niiid C-orrES'tkiir Puait4aK AetiMi of C-dsetmis SLilMir C-urrrfTj 

Prttirm*^ BiiLirA^ Re^^^irh K^perbiumtatitm wjUi Ritumbwa UndcfHaiitii 

M Aicrbdi, Nizktf^^t it**tirek Boarti, Frw. 2^ A nn. IROil. p[>~ 343-4l&4. 
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HIGHWAY ECONOMICS 

Till' bmtul Dfjjcetiw of n hlijliway program is to pnjvi4Ji‘ highway 

tloD ai tho U'JiAt cwt (.'opusidiirtCLg borh thf highway and ihc vehicti:, ^Datipr- 

vehiclp^ performance i* an imporiiiiJt fikjetor in dtiti'ninniiig tlp^Nign j^landAnK, It 
detumioL-^ gnMii^Littibiug ahitity, pariieulariy the wliit-li b'avy I'ohiclwi mti jnnifi- 
r jti II on graJest- Fur highway probWniH the nt-l I>nih4.^ hi>rst'pipwt'i- or I he tornne 

T at the Il^’wbccl is wtl. This p«jwf*p is tm.npinittt'ii to thi' rim of the tirct? hn Traf'tive 
effort iT.E.jp I he pniptdhtig force. In tortus of horv«^iHiwiT, T.K. » 375f bhp/r, in 
which c tM an tfficinney factor ailuwing for \o^ of power bet wttm thr llywiii't^L and rim of 
ttn». It depends upon type of irttn.Mmi-y'ioii, differtnlial gear^*, whtsd and tire 
typo#. In direct giw it may vary from O.Sa to O.UO for and 0.75 to 0.S5 

for Lrmrk#. In terms of tortiue, T.E. - rTGtGti/r, Lti whii-h T U tnrqiwi, ft-Mi, c bi effi¬ 
ciency factor iF ttbovTS r U ruUiiie rwlina uf tire, fl^ ff r ^ the tniiiMEni':Kion-Ri'ar ratio, and 
Oo itf the ^Jifferential-jP'ar ratio. The turqm^ L* osoaliy giwn in I he form of u. mr^'e of 
torque vs. tpm. Tractive itEmstajiDL" is made np of mlling resisinneep wr resisianrc, and 
i pluH ur lUiniiB^ grade reidstaneo. RoMing nwistaiiei' is usually L-?fpn-¥iSi-^l in pfaumbt per 
ton nf iotai Wright frf vehicle. On hard-surfaced rvwl* m g^xNl eondilion, it variiw fmm 
liO to 30 lb pL+f tou^t the lower value being for light vehicles at low speedFn and I he higher 
value fur h 1 ^Bvy vehicles a* high speeds. On rnugti gntvuJ rt4fijJs, the rt^».isrance may \w 
as high as 50 lb per ten, and on earth roads in muddy cuiniitiun, k may }m- over IPO lb per 
tou, Tulal mr rcsktance la u.'tpresi^ed by the furmuk A A 1^, m which K is a etx'ffiei^'m 
depending hpon the sslnipe of the vehicle Cdegrei* of surt aiiiliiiiiig}, A is priuecteid artJii uf 
vehicle, aq ft normal tu dirvetion of mntion, and F Lh wlcteity, mph, ndative to thi- nlr 
i.e., tht^ velueity of the vchacle corrected For ht^ad or tail wind. The value of K averaipe* 
aivTJut 0,0012 fur |iaie^inKEr cars and 0.0020 for tnieks. Grade resistanee in pounds per 
ton equals 20^, where p is rate of grade in perisunt. The relaiiufi Wtweon tractive effort 
and reaistani?e is as follows: 

T.E, — b'iifft + A'AP zh 2tVfI’ ± aceekiratiiig force 


in which W is total weight of veiucL' meluding l®ad in tons axaf h* railing rc-tiaSnace, 
lh pirr ton. The grade resistanct^ is plus on up gfadeF? and minup on down gradi^s. The 
aeei-leration force ii poflitiv'e whtm there is an exci^is of tnirtivii ^ffiul over reffibftajiws 
and ne)^tive itheelfrationJ wheo tractive effort is Wtm than reslntances. Thi‘ principal 
application qF motor-vehicle fMjwerand reststaJiccs in tb- highw'ay fiidd is to detcruiine 
I hi' grmie^llmbitig sbillty of trucks; thus it is a factor in the t«'leption of gmdi^s * (st'e 
■'Gradients," p. 2-71.1- Thure^ is usuttHy ample frietjun belwi't'n tin's srul jjavument 
sLirfacts to develop the deidmi tractive effort e.'twfpt on jev 5nrfact s„ For cl[^sn dry roiui 
pll^faee^^, tb‘ iJoefficient of Hluling frictiun ix-twtvn tirL»fi and road surface is from D.O to 
0.0; fur Wilt (Hivenumt.4, it in fre^m 0-4 to0.&: on kv or p^icktal tttmwr, h may Iw as luw' 

0.1. At high speeds, the ciS'ffieienb an* 20 to 25 pureunt tliach ihese vaJort for rnoFt 
tyiHs?; of pavi'DientA 

|>f]idr omIh aO' an unpurlaul fDctor In the eei-tliomir aUalysb* of highways 

rdiice they are influeiiced by dEwign features such as njta^l i^urfuet' mughneSF^ gnuk's, 
curves, and length of reuRv uiid by sufh opt-rnllng fftctnirs as epcH'd, acfiitont hsj-ard, 
and traihe congeatiun. VehleleHiperating cijbia vary' wididy with widght of vehirlc, 
w^dght-ptiwer ratio, slaniiard of DiaLntenane^% driver hitbiis, and annual miU'ag^-. Ojn^r- 
ating costa may be divided into fixed nnd varudih*. Tht' ff%cd corns incUnli^ Ihr-wt' not 
afferrid. by use, Niich fts for re^tmtioiu;, properly laae?, iiwurancf, ipsirajpoR- inttrert 


' lial tlJIntsinc AMlVr <il MuWit Tmcfc-. rjMif 
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fm invwtmi':nt, Jinii iflrb«n rSiiu-|'i>d an n VniiBblp l/ir 

Tniloiifir CT»tM) BIT (hisR^ whiirli v\iry dinrlty with mrh tis for fuj-1,. cil, Hrw, 
nriJ deprecjlritirin whi*ii rhuPTpNl on bjv^iN. In dnprHrintiqn would b- 

rloUT^wi on B tink' for c!^r> whk'h th-prt'eiftti^ by cib!*ol-i^ecnw* Ami on n 

for inriiv tru<r?kj^ itrnl bii^sen-ii which linvc Inrge Hiinual mikn^ti'S, Soirn'tiniw 
ilrpn>^tni}nn ht chur^^l parity on linn? haA'r and partly on miloage ha£:ip. For piim.‘iigvr 
rjiTs^ apc-mtifiK IO,(KM.I mile.-: [xti-yrar uiidi^r roihiitJonH th»- total oiH-mtiEi^ t 08 i w 

aiM>ui Bn'nta pi'r mth* of whtrb aJiouE 4 c^fLlr- N fc^r ltrmi<r For tniirks thn toEal 

ot.wt^ will Fmrn EO lo 50 ctinl* pc-^r of which 5 to 15 centi is for mih^aj+r ec^sit. 

In truck accr^untin^ti aibd ovi.'rhEad >eosts am oftern ofduprd to time 

in dollars per hour Ewe Tabic 23). Atotarbus cusis vaiy' with wxdiclit and mmiWr 
iti sient^ from nfhiuE 20 oentw per mill' for titshE to 40 conEa per miJe fur ht^avy 

Iutereity-typo busat^s. lo cconoifiir irtinJii.'s a timi' inwl is usually Bdilud to passc"ii| 0 ’r-ra'r 
ensta Ui evaluate to road uwrs from htt^hwny uopmvi'meiits. 

A Ji.-tuik^i aikalyshL of the efTfct of Toad fentiir?^ ftiid opemtitiE cuiidiliotis oti vt^hiele 
niik^ajeu d^tfl is y^vvQ Lii "Hw4mJ Uwfr Dtiru^fic Aiml.^T**s For Highway [mpruvertwtils*^ by 
AASHO. .SEufapc type has little effect OH opcrfttinjt rotfits mi Iocik an ihe SUrfaCi: is firm 
anti smooth. TocLa * haVT shown that the differmw’ in opiiraling cosi oti nomskid lextutv 
bitmniiicimf flyrfjiei' ln>Htiiieuts L- only O.fKl oenl greater por mile than oti e^tinem nm- 
Eetwwn untrrali’HJ Kravx'l and concn-le I In- iliffcronei* h 4o 0.5 etini pt^r mile, 
and bt'lw'oen eurth and good Kravel, abjut 11.4 cent. ?^hnneniiij£ a miile by od^imiion 
ET^nihs in a sa%iriji on all mileaKe costs for the ilistann^ savrd, Decn*as€*d tmvol tiiK^aniT 
will nUn result in el Eifiu* ssvisiu. Little iM?ononiy is gninod by ncdiiring Blades below tV 
pt^rc*-nt for ftaiwniti.THr’ar traffic. For niolor tnicks the sairinjf Is salistantial in both 
fwl and time. Tiible 21 give.'* compo^ile j^ollne costs fur diiTcn^ol ip^osi wvijshtri of 


Taiili> 2L D>wKiStTK ti.isousK Cost ix peb Mile for Ditfrbrkt 

R.^tef of Rist; A>tl Faui.^ 

Based on Bt 30 cents per gctllon 


Rate of rise 
and fall 

FastM'iiiter cars 
at -IQ mph 

^Motor EruelcF at avrrase for Kmws 

ID.OOO 

lb 

so, 000 
ib 

lb 

10,000 

fh 

50.000 

ib 

iSO.OOfl 

Ib 

0 

1 .tl2 

2.7 

3,h 

1.2 

4.S 

5.4 

5.7 

1 

1.06 

2.7 

3JJ 

4.H 

5.7 

El.Q 

7.2 

2 

1,08 

2.7 

4 2 

5,4 

0.0 

7.3 

0.0 

3 

1.74 

2.7 

4.S 

ri.5 

7.8 

tl.3 

10.8 

4 

1.80 

a.D 

5J 

7.2 

H.3 

n,3 

12.2 

5 

1.86 

3.3 

IIJ 

S.7 

11.t 

13.5 

10.2 

b 

1.02 

3.tk 

7.2 

10,5 

13.8 

111.8 

iy.8 


^ f ud-^JWWtmpl-hiJi da£a Iroai *'Hiith'i^»y^LI^ ril.xA|ian. * ttii/l. ffJ. Hi|Ei.« 

B^jWaL p. ^UL ^loLoar-tnielt ffinnL ffi^|wrr 0-.4, llwtiHrav IWwell ttOBKl. 




trucks on mios of rise and fali ln!lween d and ^ fw^rct nt. Cnini>cwiEo KaAulliu- cos! Ls 
biised Upon compusite gHsnltni' cotisumptinn., whieh is thi* toEal nuiubfT of galtuns af 
gai^ditu' B^qiiifi^i to travEd in bolh directinn.'* over a scot ion of higliway divided by iwico 
I he lunj^th of that section in miles. RaTx: of ™- and fnll is thv tntBl fwt of nse jtlu.-i thi‘ 
Ecital fe^tt of fall in a seertion divided by the lenitth of the wetinn in hundwlH of f^t. 


^ Vrbirb C^U Hi'WiI Itiujchnnw Slid ul UlOinUiHiui utit l^<rtlBE|d OsinBiii C^nr 

wTKlcr t^wimpof. J&Kinl, '^'2d Anm. MtHttjX. ltM2. \|ol4jr tK^futbia 

and Hianl^ Ctwirpi^t«TJilii» nfi Gravd snej PvkrtJjiiid Ctni^nt Cvncwvls Hoad SiJTi*f1» 

Boumi/. Ariw. irna 



















2-1 IS RAIWAY, AND AIRPOFET ENGJXEERIXG 

Tbte time irquirwi for hi^avy to oper&te over clifTerofit ntv^ of rwe BnU fall h 

ji^ven m Tahle 22. It dpp<Midi ti|xiri tlic^ wpiglit-jiowpr nilio. whieh w the weight 


Taulk 22. Cojui^s^JTE Thai'el Time is ^Iivutes for Varioi.^ 5 WEr<;nT-ef^tt'Ett RaIioa 
nm Diffehemt R_ites of Risk and Fall * 



of vehicle cUvichnii hy the mjt b(?r«i.‘(iawer ^rausl htuvesMiwer Ici® power coomtOpd by 
cn^pm.-! acce^ivtripf)- Both i^i^iine eDetn unJ travel tinier are an nveraKP op4*nLtiua 
Up Mid down ^radfv in either ilirectien. Tf the traffic ia of the eamt^ and s'ofuiue 

iu each direction,. Tabba 21 and 22 give net cost of fuel and travel tinic, rpApoctivelyr 
fsL-r unit of traffic per tniliE. Fur loti|;k.T or f^htjrter lengths^ ibu valuefi may bt! ixicri'iwcl 
of decreased proportiuiiuJly. ^SiTien the traffic is not balancetl in i-aeh diir^ticin, ^^di- 
tt?etioimi'' gasoHnH^ euEenunption and travel-time data are avadable Lti HtiUefin t>-_d for 
differcQt perrentagr's that ri§r is of the total riw and fall in one din'etion of irav'^t. 

Fuel consumption and tin! tcfar incrt*a,®t; at highly Fp^la. Thu docn^^ in find 
mileage will VBry for difftireut typc^ of VThirlo, For a light iwt£®tfiger car traveling at 
§ufrtaijie*il Bpcodfi thi^ tieuil is about as foliow.^c: 2l mpg at 3fl niph. 19.5 mpg at -Ml mph, 
17.5 mpg at SCI tnph, nnd 15.2 mpg nl iSH mph. Tire wuar at SO mph u! about 5fl perCT-nt 
Kn'Ater than at 30 mph^ and lOO percent gmnU-r at dC> mph. 

Traffic c^inRftstion ^ requires fnsiiwnt starts^ stopR, and long idling periuils, which 
iacrcaae fuel ninsucnpliDTi, tiro vroiM-y and maintonaricsi. fJn the nwj5t doiigi.'atetf etmqs 
in downtown arvni+ gasoline rrnh'age for pa-^n-ngiw can* nmy as low as 9 uijig wlhni 
aveitq^^ is only fi mph- On lews congested street.-) permitting an average epeed of 
20 mph, gawdine milL-age is almut 14 mpg. Aeridcnt ™tji am alsy higher on ei>iigcsted 
streets and highwa>'s, betamw of bigb^r accident rates. Con.^iderahk-' time is tost hy 
delays on congested highways, Tliift time loss luif real viJue to eomnvTcinl operators. 
The vahu! of lime to pfiuwsngt.T-ear drivers may be debatable, but it has \m^u demon¬ 
strated tltal motorists will pay for tinic savings through toiLn or in other wtiy9, if adef- 
Inite ndviuiLage is gained thereby. Table 23 giw« time for diRenmt types of 

vehiinles under difTenmt iiperatbg wf-nditFor application Lo any spi-cific problem 
the rorulor akouEd consult the papi-r upon which Table 23 w based ami ndjust tlaiB to 
™f. UaeD pn^vidling in tbe area under rtudy. 

(^ 0 iu|iHirfM^n of Ttfpft-. Thi" co-rt of cQURtnactton, hnniuil oudntenane^s «rrvire 

life^ vtdw id feplaCfl-^mi-nt, and v'k’hirWkperBling cost shouhl all lonsideh^ 

in determining thj^ n’>lative i.‘eonOTiiir value of difTemnt s^urfaci; typCB for a afa'Cihe proj¬ 
ect. Tike ttll-incluinvo unil of comparijioo ia the oust of highway I ransportaiion, which 

I “V^feLade OtHertiWan V .Vffwitd by TfhfBr Orntfcl unci Hiiltvijr^ TfI*/' Btfi, IU7, ll^-nr^y ttwMiflirli 

^ L*wtok. L^irfcfeKifc ErtliMtiaK Itahway JinpiuVeniiina an m .Milnui-^nd^TikiuE-CcMl bull, 

LtHTtfrly, Eihi* FoiLiirfaliefi tor EUnliwiy TniJlk_ Irvt, f IfkVti., Tibiu bjilI Q^jAliar OmH4Ripn«n 

Irt .VIoUm- Tmcli O^rtraUuii u by Uld ^AlI Pu-prr qf Vebirlei ojiiJi Uiv |Um ud FiU ih fligb- 

wmyn. K^i^k iSpiwf E^hA, HLv^way iUmKh. Wid. 19^01 
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TaPU: 23- ^flLE^liE Co*™ FOR DirTEHE^T TvP&S OF VeHICLEI^ OS DlFFERilST TtpES 

or and HioiiWATa^ 



PasaeiiRpf 

Ijght 

Heavy 

Tractor 

Tyijo of hlgh^ny 

curs. 

trucks. 

linjclii. 

trailer, 


Wit* 

eenlA 

cents 

cent* 

CnuKiwt^l stwtri; 





Gaxiline. -.. 

3,4 

0.3 

10.3 

10,0 

Milr3iKe.»+ 

2.3 

3.3 

5.1 

3.5 

Acciikn bs ^^. 

1.0 

1.0 

1.0 

1.0 


tJ.7 

10,0 

10.4 

20.1 

Thr^TURh city street*: 





fjUHoline,,,,. M. I. * % *, *, 

2.0 

3.0 

IkO 

10.0 

Mileage.p. - 

2.3 

3.3 

5.1 

S.5 

Accidents.. _! 

1.0 

1.0 

1,0 

1.0 


5.3 

7.0 

12.1 1 

10.5 

Arteiifll Greets (coordinnte*! 





dgiials): 





tjIkBOlUlC .p p. + 4. + + + ^K..i|..i 

1.7 1 

3J 

4,3 

SJ 

Miteflge__ ,. -i 

2.3 

3.3 

5.1 

3.5 

Aeridentfl........_____ 

0.4 

0.4 

0.4 

0.4 


4,4 

7.0 

10.3 

17.0 

E\j^rE>Hi^n‘iLys ■ 

Gti-soline. .. 

1.4 

2.5 

4.0 

IKU 

Mileage.,...... 

2.3 

3.3 

5.1 


Accidents .. 

0,2 

D.2 

0.2 

0,2 


3.11 

1 11,0 

0.3 

15.3 

Time Coat per Hour 



All types,.. 

SI.10 ' 

1 ;i.ss> 1 

SJ.2J j 

«5 43 


* Hkirad hiEibttd In Liirmx. L^wuNri. KvsImitiqE J niipirpvvinviktP tm * M ilrtOr-Eftfl- 

TldncMlI^t iWiiw, Trajic ^fudr^rrllv, Eh4> F 04 kD>:i:i-fcJuEL ioi likfchiNilJr' Tmfnt' Cubll-Dl. JuiUju^, ltt50. GualcnH 
«»|ji MtJUAtHl lA M «!ntJ latT ^Ido. Mlloiil^ ttmiM PMML4itJSi) tn Iftift Uj |ir4r« bdrsL 


i* ihm aum of biKliwuy cost ami vpbkio {or rond-mwT) wl, esprrsijpd either an anuiml 
or cfKrt |M^r JtJle. The; hightr^y tml bi ifnifllly t^spn-Fwecl nit im annual for ru- 
ihi^id m piiipoLiiitv^ nua Tolburj^: 


in wbith A k finst (?o»t of ni«4, r m rate of inteitwt applieabto to liiichway fujaneing, ^f 
k fijinuiiJ iiiMiiU>£ianeet ^ ^ isaJviige valw' at enii of M'mti? lift n in yt-afiP,* The laift 
term k im njuiuity that it.il] e^Ltti an amiMiiit (A — S) far ropInteiiR'iiL uvity n year* 'm 
perpetuity. A rkDiiliir term may I'M? set up fnr any |M’riadio iiininteJiiiim? lhnt may hi? 
requinsJ (mieh ns a seal coat nvvry 5 yeaTa)i The formuJa k ako u^fuf for et^mpaiiDg 
dtemato typea of etructure* duMigtieil to the saiui- purtKij'*'. 

]n Fi-li.-eling a surface tjTw other fa?toin< lo be considered are attmclivenc^, tins noiee, 
nEinskid ehnraeteristic*, viaibillty at nipht, use of local ukateriakp availability of coa- 
TraetorE skilled In particalar types of coiiiFtruetioiip nlcl lo local Industries, and public 
prtifcrence. 

i lJlt Ounrl^lia &iirfl4i» <m PrWrS' Rurd IlirAwfl* flaai-rf, Fwvt. '^SOdL Aim. 

ilHfini. mil. JU« ItiiOdt, Mftrrh. I«l^ AufUiL IWB; ind Jcm*. im. 




























2-120 RAIUrAV, HIGHTVAY, AND AIRPORT ENGINEERING 

NWethVji 4P/ Atlrmnif Lottilwm . Tbf rotit r/ hlj^bwmy t ntiMpdrt Jit ion, u a^ivi\ 

ij. n 11 ^‘fij] |jw> 1 for ntakini; ect^nomijr’ cfiTTipairwi^iita of ihlierimte rnutt+i^, i«iiico It brin^g^ in flil 
nlL^niL-iiri!i Cjf post b«]th far tht-- highway ami lo road thr effort of roml 

^urfiiw, dutaneo, greuli*^:, tndBr wingeslioTiH corf of cotL-lruplinn, ami prufM-rty ikmngi’s 
will enter the tajeulHllow. A physical m%'OTitory of rath ruote m abo k'ljjtil, comparirkg 
h^tii;th oF hnn, iium^KT and ^haqjiu'^s of curvoiisK Innsth and stct^pnos^ of gnidei^, anmlhiT of 
iraffiMontrol points, nuiTifcK^r tif itjtorseeling lenRi li of mimmum pighi dktiojrt^ 

anil In^f^iwney of opcurrenee, mmilx^r of strehm rrosonip, etc. (HImt poru^dofat innis an- 
rhe relatiTo ninoimt of imffir that will Ihf attroPlH to I'aoh ruiito, aunil^rr of dwollinjpJ 
an<i fi^nirtiunittp* jwrvedp proisablo effoci ou higli'WAy acoiihiEkt Iofw, and f-ffibct on property 
values aJong ihi’ rouic and in the iripoii lu* a whole. 

Tbi.^ AAi:iRO hap dc%t.dopLHi a pruct'^lurt! for eomparing (iRematc locations or for 
jtiirtifying proposed new highw'a>-F tm thi' hasi* i>f roifi-tipt r liM^nnSt taLiod.^ Thw ratio 
ts the iiilfErrnpr^ in rtW-URT posts on automate sect tons of htghway divided by ihc dif- 
feretiw tn highway eostzi for those sertioiip. The rood-user posts include mik-ju^- ensts 
for find, oil, tires, n?paim, and depreriatiun plui* time costs. The .AAi^FKl a^o n-eom- 
nii ncbN the LncluFton of acpidpnt when' tvlhddL- rpcurdaan^ bvailalde and Buiuiji'fltaa 
fur ahsenct' of ''minfort aiw! ponve'UH'nri!?'* on Hubstandard roads- The highway 
coat* are niimniJ costs inrludiCLg item? of inU-n'fft, maink-mujce, and ivpiflfcment as out- 
lined ftbnyt\ 

COST OF ROABS AKB PAVEMEflTS 

The coiPt of roads and pavement? vades from yt'nr to year, from plac*' to plmre. and 
from job to job, dc]iciuliuK upon avnilahility of mulEjrjalaj, wngf smfep etc, .Approximate 
fiwt rangE'ti for the pri-ndpal types lif surfut-s.-t? an^ given in Table 24. Tht^ are for ha^* 

Table 2-t, ApFnoxrMATF, Cost ur Co.s^rai-tTnos^ a.vp ron Dirmanx-r 

TtPES of FAVUMtSl- * 


Surface and b«»p only—excludiiig gjailing, dralniige, and atmeturea 


Tn» 

rtutiBirtHH rut 

Aqpfl^l THiintnwoir# wl [ 

' Ar™ 

' 

Ibidl, 

; [jFf dMf 

Mtflf 

vm 

mil# 

21-Ei 

wUlb 

1¥r 14 rd 

Pfcf Unit 
afJt-n 
■idlb 

1 

I'r Kl rJ 1 

ttfirn]. .... 

1 fl.MO- IJ.DOO 




300 

5 + 

Bitiiimom iOrtH* tminl 

lO.edo-ii.DW 

o.rm.apQ 

l50-fiC» 

0.fll5-D.IW,l 

flOQ 

3+ 

tCfHil oni. 




c.eji-Q.im 

LOGO 

U 

RilurnifiaEp ■iHsdkHi . 

S1,I10Q-»0.XNW 

i.Ai-s.a 

250-»n 

D.ais^.ffiu 

3.000 

11 

SilMnniMM* werpt^ trt flFaitJp 

Nhv. 

ja.9oo-AS^.m 

2.-111-^. IV 

.200^440 

o.itii-a.dii 

FuU 

Jtf 

BlUjniflHMa mrcftw hi wrirtr 

i™te 



yb^ssQ 


ri#a 

30 

PWfawiJ crtui'nl CWt^iTtr tr 
Uikk 

^.qpo-miOOKJ 


I30-5D0 

D.m i-n.Mi 

FEyll 



iCc^t tm&m ifr fnl- yfflf 105^, wllPfi Emgimtrrjnt l^twUmcbkrfk Cwt \h<^% Wmn flW). Uid 

FA tS4P«ii of PllklU’ tEfwiii ijuk-i (ur rtrtap|"j«Lt« nillt nru I fit. 


and surf apt- nium-s a^*ovr Th^’ sobgmjle. In ailditionn then' will lie cu^l uf ju^ling, 
dniinagi\ bTidgi'S, ami highway aepe^orit^. The cost of ihi^ item# will vary wiiiely 
deK}rnclkngii];KTii the nalUTO the lerrain iwwi wlnuhi-p I Iie- job i? the rePunstructiciiL of an 
iild r^>ad or is on new localukn. For a iwii-Sam' wTdtk ihe ikthi-p thnn surface costs will 
nm from S20,0OCI to |7B,(Stt(l per mik and may ri^aeh $150,000 ur mure in mnuntaJnon? 
teirain. Tbc trim? for thn^r- anil fiKur-iam* ruBtL+ will Im.* proportionately greater. For 
divided highway? of limited-acci'is’ tyrw the total eOHt, including light nf way, gmdiisg, 
dnunnge, surf aw. and grade^-paration ntruetiirv^r, will ruji alioqt f 1,000,000 per mik' 
1 '^Il4*il Vmet Befii-at AjMJyw* flT ItnilhJymif'FlV' AAiSHO, 
















COST OF HOADS AND PAVEMENTS 2-121 

in njfHl from tn pt-r roili? in thickly eetf Eed urbcLn 

ttrwiHr 

jifffinfffMMtrY roMi# Btn’ bJpo suhji-il ID %'Jirut vvim for tbr whim: ty|K^ tif 

mrituw ln'ing inHift'iirtNl by voluiflfL' of iraifBe, cliiimlii; condittonj^, iboroui^htiDtc!! of mn- 
fit.nicLii^ii, nm^ ftf ayrf 4 M*«% aJiiJ t™ni>nut coiiElilioim. In adiiitlon lo i&uffi^n- roittjf shown 
in Tiihlo 34, thi^it* for nkftjnliiiiiiiiK HhuuldiU^^ diti-ht^, slope's, driiJiui^<L- slnit^tunep, 

fpncr'.% and for cultirij^ imisb ttJonf; tlu^ rijtbt of wiiV. TiMsaL- eiwtj^ rangi* ffisjn 3100 per 
fnlli- oil li>ral mai:!# to S50f> ptT inil«‘ on ^najor lni>-tiiiie ronti:*. Kor divid^Hi hitfhwnyi^ 
thi- ™t limy niti $3,000 or over per mib-, di^M^nditiK wpoq iha- of ItindF^apin); 

underfjiiit^n, Ttu.' cost of removing ^navr jmd sAnding «lipper>' surfaew ranges from 
llt^O lo $50n per mitf’ per lime^ {lep^^nditti; AmoEjni of fumwfttH iinil The fretun’iicy 

Ilf iiiliig ei3iiditinria. 

E'lifl tkfe wmintiniy usni for miniating purpwi's. FTighw'fty deparfruetiLs kt^ep 
a ean'ful reoonl of thew <hisla aiiiI thi* irirndii of nintL^rial, Labor, and equipmetit ccmia, 
upon wbieJi they depend. l"mi prieefi irtibject lo varinlJoti from loiaiJity lo locality 
liiid dinietly nJTected by f^luinging ecoiKiniie condiTiod#. Tulile 33 ipviyf avt^ragt^ 
unit prift^ bill on work m one locabt y in 1034. 

Table 23, Hiouw.-^y CoMPTHrcriojc Pwrct-s ty Ul5-I ^ 


Seleeterl items based on weighle^I nvemge of eunimit noil prtn^ on state liIgbwHy 

FviJem.1 aid work 


1 tekll 

Cull 

Priit" 

fteni 

j ITnii 

Priee 

Cleftring ail d gnibbing. 

Aeit' 

3.moo 

StrueluroJ steel ... 

j Lb 

% 0.101 

Exca^-ution: 



Catch Liaallm. ... 

Each 

13t>.0fl 

RcAiiu^y earth ... . 

Cu yd 

0.1i2 

1 Franw akid pnite. .. 

Each 

It34.00 

Hoek. 

€u yd 

3.311 

1 ^]allh^l]e^H exfluiliag 



Bridge... 

Cuyd 

3.47 

faslinp 

Eneh 

' ISti.OO 

Trtnch, earth,..,., . 

Cnyd 

2.01 

Fninkes lUkd cover.. . 

l^eh 

34.00 

Tranch, roek . .. . . 

Cu yil 

7.03 

Pip<^, IS", heuvy wn4ghl 



Gbflnnet- .. 

Cu yd 

1 1.83 

east limn. . . . 

JJn ft 

0,31 

Peal..... 

Cuyd 

0-33 

PUa-, i2*, fufpbfllt- , 



Borrow: 



coated ixirrugikted 



OrdiojkfV',,.1 

Cii yd 

0.(i7 

oii^tal... 

Lui fl 

3 30 

Cm^vpl- - 

Cu yd 

1.13 

tbpo, 24^, retaforced 



Band.. . . 

Cu yd 

3.73 

eonerete. . 

Lin ft 

o;7i 

Fine grading. . . . 

Sf] yd 

O.CHi 

Pipe, 10', lilrt^iu^elay 



GriiiVtt] for aurfoeliig... 

Cu yd 

J.35 

<'W"er.. 

IJik ft 

3-Ob 

Cninhed 



Highway gkiiLrrh 



l^jisc cotin?e 

Ttm 

3.18 

.Anchors, end . | 

Each 

47,00 

Surface course. 

Ton 

3 0-0 

Cable, 3 i*lnmd . , 

Idn ft 

1,78 

BktuioioniiM imiteriiil: 



Fcnrt.\ ?it<K!k.. . 

lin ft 

0,41 

For hoJH* iNUiP5»e...... 

Gal 

0.137 

Owirrete niging, 



F^ir purffti-e trvnt- 



might. 

Lin ft 

4 12 

nieiit. 

Gal 

Q.I3R f 

fimnile curb; 



BitUliUnokir eiihCFlHep 



Htrudglkt. 

Liii ft 

3.2S 

Type T'-'hnt inis.,. 

Ton 

7.50 

Curt'ed 

[ill ft 

4.08 

Connate piVement. . . . 

Cuyd 

20.00 

Ripmp. 

Cu yd 

7.30 

Steel n^tnfnnremieiil 



Watcran^'*, pskveil 



for..,. . . . . 

Sqyd 

r 07 

with Type 1 bitumi¬ 



Sawed cootmetion 



nous caiicrete ... 

iki yd 

3,33 

jointa, ^. . . 

Concrete mimonry. 

lin ft 

0,0& 

Siding, .. 

Sidew^alks: 

yd 

0,00 

Clets!^ R. ■ - ■ 

Cu yd 

34,30 

BituniinoLEs aiiiemte 

Ten 

J3:20 

Steel reiiiforeement fnr 



Ccmcfcte, S-enurw* ; 

Jkiyd 

4.03 

atrticliiJT?2i.,. ,, - .. - 

tb 

0.118 





i IWip id Unit Bad I'riw* to iFiftiway Miid bndui' kUM, MwiirhuKiia Depart- 

BMfU id Fiibhc Wixkm, 
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Cuat indeiXM bavc bwn m hi^-b hjv useful fur luukhhi; Iwtwwm 

roats ijieurtvd in different yn-^re nnj for biitij^inR costs to diite. <.)nri^ of ib* VM'jft known 
b £rfprpf«nntf AViw-Jfefwrd Coa«^nirlLuii Cofft lodejt, tubuluted nmuttily in ilu^ 
^n^KcmPiir Neit 4 -ficrmd nuipusinc, Tbi’ Hunrau of Puldie RowU hss ik-vrlopt'd nn 
ind^^3t paKieulorly for eoiwlnirljon ctwir upon bid prices on Feibnil aii:l 

work. UsinR an a^vrai^ij' of year? as a basr 100, unb^t numbers are computed 

quarteriy fnr a ^'composite miJe’' of highway ron.-n^^iinR nf repreweiatativc qiLnidilU^ of 
excavatioii, surfacing, Hlmct itrcJ slcel+ and st nii-t uml cotioeto. 1 udcx numb- n? at i-^r 
intervn.lft are as foUowa; l&tO, 71 .-Q; 1^5^ 109.0^ 1050^ 137.7: 1055, LS2.S. Severai state 
highway departmentH cnrnpils Indexes based on Ibeir own cunstrueLioii «wts.* 

AIRPORT ENGINEERING 

Sanjoes of AEf|sort InformfliSonJ Djmmt pmeiice anti t>^tieies in airport 
and coni^lructicju are uvailalite from ibe follnwing: 

ripil 4i?rnfMiufics AdmUtitdrnUan <CAAi <if tln^ U.:^. Deparlmml spf Coninn'rce has 
publisht^l bulletins eoverlng airport elassifieatiocis:, planning, desig^n spiteibeations, 
layout, ehotoe of site, dmiJiajp?, paving, huildinEifi, and lighting. Typica] drawttig^ and 
const ruction apecificatious have also been isfrijed. The servieea of the GAA are avadahlr 
for advice on airport prolilrms. FrtHpicnl nderenci^s will be mudL- to CA.\ nlandEiiilr 
throughout this text. 

Lkparimrnt ffj tk€ Air Ftwct has issued Air Tam HiigulatEOnjf No*. S5-1 lo la covering 
airfield design rriteriu, air-approach rlcamni?f^, and ptannihg and development pro- 
ceduTeiL 

Corps o/Eftffi'firfrs, DcptifSmtHl af the Arm\j. The EogimMiiring Diei.«tion of the Corps 
of Engima-re hus conducted extensiv'e nwtarch m aafprirt-paVETnont th'sijrn and wjn- 
tftnlirtion, much dT which k availftbln? in reports. Current pmctice in in '■‘EngineerinB 
Manual for Military Coiislrtielion/' OfEn' of Chad «f Enginn^rH, lX-partmj*ni of the 
Artny 

agmck^i, such as the Highway Rist^areh Boatrd, Burtiau uf FubSk Roads, 
and Amen can RtJiad Builders As,^iatic]nH have published paper? and hiilletinfl on air¬ 
port aiibjt'ets, particularly .“I.lib' invi-fltiKalitmS, grading mfctLods, and paeemE^nt di^Ign. 

Ti^ehiucal magsJSiufcjS are Aw'oiioa .-Ipe, Aeroh'on UVc.1% Aefit Digv^^ AminCnri Ain- 
olioFL, and /Isronauh-ciciJ Eugir\^ing ffen'clr. Abo stc biKhwnv magasLars, p_ 2 -59, and 
architi^tural pi^riociierd.^^. 

DcfiaidenB. T€*mis ffutiuently u-nxl in discuisung airports are: a Rnui^!4 

atrip 200 to 5i?d ft wide? ruF+iwiy, a pavti^l atrip in tlio central portion of the laniiing atrip 
prnvidi.Hl sperificallv for landings nod take-olfs; a strip [usually paved? couiutl- 

ing runwaj-s with r^ueh other and with apron; aprimy a paved iiortioh of the airport 
iniinediateiy ndjarenl to lermiital m^a or hangars, which is used for loriding, Mnloading, 
or laarking planar uuirnt-up oprfui^ pav'ed ait»a rbearend of a runway where a plane may 
aland while enj^ia'S are being tested or while waiting for take^jff ; otrrrrun >rfre/^, a graded 
an^a in extension of runway to allow for emergency overrunii or shon landings; npprfwicA 
2 imt, thi^ tdr a|^ce at n^nch eniL of a landing Strip which shf^uld l>c hL*e uf iiij^tructiouf^^ 
the lower boundary beiog a plane sloping upwiurl from I he end of the runway overrun 
strip at a pperi&eil Hlopi^ know^n as the '^giiile angle'" nnd defining the “glide path'' or 
''apprnurh fuiLh^'; rone, ftir spare* betapproach Kones t hat Mhoiild lie friN^ 

of obatruetions; c*niifn! ffTFidinif. om nuvU: under conditiDTbi of gcMxl viribilily when ihe 
pilot fs operating uneJtir 'S'iinial flight (VFRij inr^rMnieal one luiule id 

overcast wi'at.hej- whe^n tlw pilot is npt^niting under ^'Insirument flight eulw!'^ (IFH) 

I Iw Aonii^ CuSUlmctiDn aUBibwi #nfiri«n‘n,f jVcwj-H^ml fraf MlPfUtwry 

tOOatjnJcMon. &dcI l Mi.lidjiiJ *gQjt imlr.uL 

^ B44 felao oTlJifhWfty Iq-lor^natiocL,"' Pl 2 -SA| md BibllD'^npJlijr m.t dill ct MCblOtt. 
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flnti mUtft rvly on iiwtmim-nts' In Xhi- &Irc;rnrt nnil radio Liin*ctionf] from aiiport control 
lowtT, pr on ^'iiuttrumrnt lanfLin^ iH>; i or “Rrouna-wjntrol Afip^Kwh” fGGAi 

fq (^ide hi^ plane to the runway for n binding; trLudrrw, a diagram t^ho^ring f bj it‘lBtiv 4 ? 
fmiuf^iicy and the vetoHty rang^^ of winrU hlm^inj; from diffen^nt din^ctiona in a gi'k-Em ro- 
gjon; u*in4 (x-reiintain^ fif th<« l imi^ that runwaydirFetlonn will i^^rmit InTHJing^ and 

tafct-off* wnthout exetHNliiig m Hp4-ri{iK.>d alluwable mjfc^winti wmiptiiwni; ptimUA ran- 
imff, oiu« of a imir ol piimJld rLinway--^ laid out in tin* sAme diroellon: prtjmfiec nifttraif^ 
(be runw^ay lw\4t fiuitod for landinp and taki^iRjc and UH>d at all times except wlken 
crow wlndB am pxcwsivf ■ eroiw-icfNd rmttAy, only whrn rnwis-wind components 
aro cKCwdiwi on othd^r mnway or ruiiw'a>‘»j iimlrutftrtit rutttrap, (ht- one cquippeil with 
jnrtrLjtiii^ntdaniJing py,stcniji and used when landing? aro made under inslmmnnt-flj^bt 
rtlJi:^- 

AmPORT CLASSmCATION AKB DESIGN STANDARDS 

Airpnrt ClassiAcadnns.^ TJie CAA grou|if< ci^iJ airport? into oigld ciassc-a babied upon 
thi^ lype of air «‘rviw to h- ae<s>niiUiMlut4'ij ami runway Irngtib? it^uind (Table 2fi). 
P^s^naS airpHirts are tbow^ eafaibh^ of hanifliEig Eight mp to 3,000 lbi aircraft for »tixLiil] 
E-ommunitlee or urban areas. AVc^xadorv airport? an- for Iiltkop >:2.000- to 15.000-lb) 
airpraft umnJ in nDnschefinb?! flyiUR nctivitik^, Ffaier ur loctiUrvri^t air-liit& airports 
am to serve smaller citii-? on air-liju* trunk routes. ^xpresJt airfK^rtif aro at important 
cities or junction poliitHi on inisik ronii-^. CmUiRettiul aJrfiorl? are to ik rac aircrafi mak¬ 
ing long nonstop domeiftic Ell|;ht?. fnlarf^rttitjetiioi airports are at termiiii of long 
intemationa] flights. ! nitrconijni’iitfjl airport? an* thaw Perving I hr highest typ.« 

of tnflLiukWeaiiic flight?. 

MiWorp mrpurit ■ aro i-Ea^iHiMJ by the Disportuieiit of Air Force aerarding to type 
of aircraft to be aecotumiMlnied, .‘iixch as bombanJmi^nt, fighter, enrgo and troop cart^T, 
and training. Runway lengths are dcsigrufd for tlm particular type of aircraft to be 
ops^ralcd from Ejach tiask*, tn g^*ni-rali„ niinuntiJii njnway Eengtbw at ?ea lewl under 
standard eonditiunzr mngi^ from 5jJ€0 ft for bask- l^fi^nE^E^ to 10.000 ft and mEiro for 
heavy bombenr. 

Airport De&igii S t a ndar ds. The CAA eivil airixirt Ejesign stajidarda for difliTimt 
elii«k.‘a of air auniw mn* RummariEr.^il in Tnl'ih^ 26. Tbi-.w Fpeciflcutiotu; are the mliiEmnm 
wbieh the C.A.\ £;oTtaiih-r?i acireptjiblo for safe opuration r xStncr airemft and aitpurt 
rmiuircmetir? are constantly changings the CAA sp4McifiE:atinu3 am aubjert to roviFiem, 
Tiic dEHiiigner should consult the CAA for curn'iii roi^niremeula. The runway kingtli? 
Were Mit SLM the maximum for w-hieh the CAA wnulri nuitch local coustrucEion fmid? 
with Fedi‘ni.1 aid- Cirealer li ngfbh may Iw afiEi ane fn'queistly hnfll hy uirparE 
OWlu'ra. 

RuTiimp hn^h* are specified at ?ea li-ve]. For bigbi'r niEitudi"^, thn^ length mufrt he 
hpcaiise the velocity nrquired tievehip the lift for takcnid’ increaaDS as the 
Elensity of the ?iir decrya^-?- l.4PngtT runwaiv un- alpo n^qidn^d ae thu air den^ltv *ics 
rn'EiAirs with rising tcmporaturi\ an^l wbH'n airerMfr must climb ascr-iLiHng grades on Ehi^ 
lake-off niUr The CAA prescribe? ihe foUriwlng corna-iion? to ht' appliiHi to rvmw'ay 
tiingth fnr Either than R«‘» h'l^eh ?iandan;l ti-miw-raturt', and gmtlc conditioua: in- 
rn^aae the runway length by 7 pi-rrenr for each 1,000 ft uf t*kvatioii alKwe fha level; 
incrfiase the cairortttd lengi h by 0.5 ;wrceTit for each dtrgme which the ini>:iti temperatun^ 
nf the hnEte?l mnjilK of the year esrceds the cornT-terl standard tenilieJratiire^ furthiT 
inrJi^miv the h'pigth mm,'rirtl for flev-ariiFEt and tempi rat un^ hy 2ti p^n^rnt for each 1 
p*rc<‘nt. nf efferlivp ninway gnuEieEil fFjm* hMitnirfe, TalJe 2tSi. Tlu* ^Ijuidard ti^Uipcr- 
aturo is SO'^F at sea hwel anil should la' rh^reA^q-fl b.V 3.566 "F far eaeh 1^000 ft al^ve 
sea leX'nlL 


^"‘’AkiTiort DMUm," Civil Ai^fuiiaalfc-* AdmliiJ^lriUMa. GaiTmiciiBii i ^rmtinc OlEnt. WwhbiBt^ nn 
t Air f CMTC RijffulBLLaD iJeruAniEnl tJ Atr Fcfx^ ^ -. -. 
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Tabjj: 26, CivtL AkbijnA ntes AuviNiuntvnojt s-tandaho^ nm I’utaical 

CIIAlt.■^CTilRt^^T^C» or DlfTEMXT Ctr-^lWlLiS OF AlRPCSKl^ * 
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Airourt AjtlWll4Jti« AdJnilililmtJWl, IU-I&, ConLiDll DAA 

^ For Ekvmticisi. RtftiidHh! irt-lwwi liimitertHtfir iil 59^F »t:d 0 pettclil 


CoDLiail ^AA fot 


* ubuiiiwl hr dSvUlirjp tfe# HiKEimuiiti dlffftpjmw in rn^-mmy ™ccr line 


lian bv ibrt »ol*I hMijClIi nf _. 

^ IVlvRo niwHsury hsnatHifiliJpftl ^ ^ 

^ FVrtr^-Rtaffai ilii>*ri IW» for UAV^InV^t- Tu llupKPVe fUiwil. liir ikifitt iMl uni*^Kt mi 
to S fi fur * dlflAlPI*# Df ll> IroCtt Ui^s tdw ^ piMinchl. 

' WlwB ii*vii£itwit h Ittcd Jt nlkvli bif dEHl3tn«l lit me^pd^ixr tndi Fiji. m. 


I Quiy be iiLnn»Ri<l 


Thir safe nuiwHV Jeiigth for a aiven airiJliinL- depeiiJgi oo wdslit aJid pt-rfomnuiei- 
eh^rttcteriiiicp. The CiviJ Air RegulAtioiw ^ apedfjr thrwf rerniireiJ3i!iil^ for rivit air 
L-dfh of whirh ite imd: (1) the ronwray hvi^h. shmiM be suffirioitl for 
(be pSiine t* acet lirmtr It* ibe of lake-olT aud ibiin, in cast* af faliim? of one enn^ne^ 
k' bruked and brutiaht to a ato|j within Lbi’ limits of the niiiwsy (nr uiHibk- lamiline Htrijf); 
i2) if Fftilnre ocpom at poini nf inkL-off, the iikne HhoulEl bo cajjabL^ <if Lakt^ofT 

on ibi^ operaiin^ eiijpne {or niaiTH'^) ^ end of the runw ay at an 

elevatiuii of 5d fl; (3l in lamiiog, tlie plane ^huuld rli^r tbe end of the runway by SO ft 
*i«i be bjidiMl add brtmghl to Mflup within (50 perwnt of tlie availabk nKi^Tiy len^b. 

i?uNuy^«uni6<na(r adopled by CAA tb^i^ignnO^ (he odda of mnways by the 

rt^veree of thnir jutimulb, nii-afiun*d elirfikwbe 0* It* fn>ni BmgneLic north. Ftsr 

n mpllrkiy thv. tiiiiidwra are ej^pmtwvd in 10'" of jwl mntb. For exainpSe, if a run way 
ba^ a utflioi'lk ftainmtii »d ^2^ the etii:l lying in iltnt dioNrlii'n iu numltoietl 2 1 132’ -h l!^l 

Civil Aip fti^fc| iji i|rtiAy Ppip-t m. AirEiluir Ajr*wl4tifira*, Effr-. IHr'S'JJ. FtffiMTiwart lh^ 4 .ulrciiit<iii* f-ie 

TfmiJpiJri Caiwpy Airf»Uj»». CAA. 
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m 3I2'I. Thi’ other t'Tnl is nuroln^ntl 3 fiar 32 “>, nii«J iW nmw^y ja nJumKi tg hs 
3 -^ 1 . Thr ohji^et of ihc e-ypiom ie to Kavp the nuintwr faring a lAoding pUmtr correspond 
iin 10 '^ miilfl i to nia^it 4 ^tt;r eoura^ of plaiic^ 

fjVcEdn) uf runwiiy.- niid taxiwAyi^ ajt^ rt‘sTrii?te<l to liiw mo^inui iTaijiJe 20 )f since up 
gruiles inrn^EL^- jK^wcr rvciuLre^d for takeKtff and down grad^ incrcftK' braking dii^ance. 
Abrupt and fn't|uiMoE ehui 14 ^- 7 ^ m ipaJr are iinJcdrable^ beraufie they make precise landing 
difBculE, may tmunrjjig u( fiut-moving plant-^^ and may <ifitEr!urr the vdew aloug 
thr runway. The CAA Htaiidards tv€|uJrv that iLHUgitudliiiil grade ehaiijgeB lalgobniJt 
dlfTen.'nc« in gnitk*' should nol esf^i'd 3 prrct^nt for pt'RMUud ami secftodary airporti^ 
Einii I} j prrei::riC for feeder aiul UirgiT iiiqiorlj*. l^ogituiiitkaJ Interfiling gnidi^ shuuJd 
Iw mtUKilcd by vertical tjurviw when llkE" ctkalage gn-ater than 0.4 percent. 

Tile li«ot£th of veftii^l eurees shoiilJ tx^ SOO ft fur each 1 pcrriol cliaJjgi.^ in jfiade fur 
p^rMinnl Or si^Cuinlary idriXJrlii, and 500 ft fur each I P'ra^nt ehang^^ in grade for fiftMier 
and Inn^r nirporta. Thi* distanee heta'cen gradiMuterM'irLiuih piiuEif; tJiuuld at tt^ast 
25,000 tiiiMTS the snni of the algebrair rliffen^n™ in graile leipn'iiiat^d in Jeeitnaii) al 
the adjareni intt^r^^Ttiun points for prsonnl and stToiniiiry' airpurtji; for feeder and largur 
airports thi- nujUipliiT ahimltl la? 50,000 iuHtea^l of 25,000^ 

rijjd /uruirijr-afthar art' preK'rihed fur ci%il Eurpurts hy ibi^ CAAA 

These are ahoa'n in diapamiTuitk forin in Fig. 5^1 ^ Two sets uf conditions are illn.-^ 
tratid fur approach ckjsrances, one for linrtrun'ient-lani.ling runway aiai ilu' othi^r for 
Donlnzitruiiwut runway. For tlsT furnieti tbe approach Kone starts 200 f| fmm tk' end 
of runway wdth a mdth of UJOf) fl and rlxes at S0:l for ll),0tW ft wlier>^ it is 4,000 ft 
widt'. It then rises at 40:1 for an add.itionaJ 40,000 ft. where il is 10,000 ft widtJ- Frum 
the miU^ tif glide p 1 ani!^, and fneam the runway taleml tlcantnee Wm'^, a sidt^leamnre 
plane riix.'S uii a slope uf 7U, The rlearanre reiiuirvmenEs for noiua^trument approflelnH 
^ary‘ with the class of airport-as maied in tabniation of dimensicine a, k ctc^ The 
tnriiiiiK ioim.' cousists ijf a htiriiontai rirrnlar plani^ of raiiiiis r inu^a'^urwl fmm luqHirt 
nderi-nct^ jKjintt at aii ek valion of 150 ft aiiuve estahlished airport rlevittiun hisnally 
till' highuf^l puinl un landing ttreu’i- Et is buEmdid by a cunical surfact^ of width d risinji; 
uii a 20: E niuTbe airport rcfen'-nfM^ pniini ia a ct^ntridly Iwaie^J point rhtfcscn for the 
pixrpTH^' of dehinIbg t he gei-igraphical loroiion tif E hi- mqwjrE. The t umS ng-attane eEcamner-^ 
apply ttk alJ anw outside \\u^ rippctwclie*. 'Fhe CAA ItuS reW^mmi'niii^l that whvru 
practical the clearat^ce reguiat iuia:^ In.i appEi^.'^l to iiiingiikttry flurfact^ at heights alm-vo 
iIh’ tet-min varydiig from 320 ft at 3 mill** to 250 ft nt 10 miles from the ninway ends 
{ve^. TSfl-XI 8 L Approachis s-hould be pnjtE-clid (mm fulun- etierEiarbrnent by lakijiK 
air tTu«-nu"nls nr by aoniiig * nrilifian«*H liast^^l u|Hni cleamncr nrquiremi’nts. 

/hrjnppi sl^mdarda /cpf rniiUar^ mvpotl* ■ differ SonieW^hat ffuni thnfS? the CAA, tk' 
miEkiitau iiFually hadug higher. Runway elcanuift- lOin- is 1,500 ft wjik-, and an uviTruTii 
striji IpOOO fl lung h*- fuQiuired at encL^ of all runways, its width kdng t-qual to tlnit ut 
the runway plnii I wo 200-ft akiukierH. Ma?dmuin Imigiliidnuil runway grade hs 1 percunt. 
Maidtnum rate uf rhange of p^nde Es 0.107 pvr lOO ft. Aliuiniuru length of vertical 
eurvo ia 600 ft for tmeh I ix rcent irf algcbnue diffenmo- in gradu. At k-uwt IdKXI fl is 
tvtjuirifd U'tweei] grruie-rhflnge points oii runway pnbEle. Along runway edgi'S and 
shiiulders u maximuni grtwk cliange of 0.4 ixTct'ot is permitted to adjust- grades al 
runway and taadway inEerst^L-iiuns. 

Approach lonen start with a width of 1 ,500ft ac end of uverrun t»Erip and rise on SOJI 
slope for lO.tXXl fl ti> a witith of 4,fW0 ft at aa elevation nf 20(1 ft akivi- thi‘ ainxirt and 
rhea c 3 iLend hvel ami 4,000 ft wide fur an puiditiuiLat distance 15,000 ft, at w hick point 
ibu side-elcaraoee slope rd 7:1 is cstendid around tbe end nf the apprnftch none. Thi^ 
lumiTig Kuup runsists uf a hiirizuntal E'jmilar plant- of llljlOO ft Tadiu.-^ at ani-levatkni of 
I T^leiiraJ .S^jusdirri't knlrr ’l\'a I ft. (."^AA, A^ir. li^i IQITSI, *hp+iit|MJ Jely AO, . 

^ Thr i"\\ BPirf lEi^ Air yrnvr hn^ Mfibi* pc^ilBlkiffB fiar B[h|injflrli 

^ iJi^mmur'iil 4}E Aiw tWs? lEtuulaisHL-r. S-nif 
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Kid. 54. C.\A ninWAy nm\ iLirniiiR laui!' de&r&di^ 


150 ft abdvf* chi' L'k^vatidR. Tbi^^ botnkJiMJ hy a ciKdictAl nurfiimx 7,000 ft in 

width i^inK cin a 20^1 elope td An elevation of 500 ft hIwvi*' I he turfieU, whenoit it ex- 
teiKla horuiontAJly to the liitiite of a rAdiue of 50,000 ft Fruni Hirfield refoT^-iire point. 
For eomt typw: of openttion itlkle el'tupes Jl^ttiT thjin 50:1 are required- 

SELECTION OF AUtFORT SITE 

The pelectidii of an airport site u laflueiifVNi hy a niuiilHir of fatturw, auoh » the area 
required, powiihility for exparwoii, aeMHedbility To the ctniimuiiitT, absence of nhatrije- 
liona in appmaebai, freedotti fffjm and amokr, imtun- of t-errain, neamenti nf other 
airport a, and ihe of de vi>lo|imi?ht. 

ArtQ tieediKl t> determiniid by runway tt^riKlh and Inyout and by ti^rfnjnpJ-ii^ re- 
quiiTWiiL«. A FnuUI airporl Ilf pi^raotial eLtuw may l>e loeated on 50 to 150 
Ajrporta nf interrantiiienial exprees elni# may cover m nmeh aa 4,000 to 5,000 aeM, 

Po»tibiUtff for «pqnji«>n i*hould be t?iij?ured by thpaidertinii of a aite that In not heiumed 
in by btiilt-up propi*rty, milr^wi yanip, mountainii, riveiVj hariwi*^ ur otfcu-.r features, 
whtrh prtkhibit entan 5 yiiU!nt exn‘pt at exft-wivo mut. Amp^e undcvelopc!!! land ahutdd 
be avnilnlkli- fuijaw'Ut to the fite anti prok-eled by auuiii^ aicaini^l linronlrdlk-d i^rdwth 
of indu^rihl nr nwidt'dtial property that will bloek runway exterudoiij^ or lerminai-area 
c'xiiarufkkn. 
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rfflTdfii be nLdalively Bat to nvoid hiflh |;mr|fng roat#. ^ite? an.* 

prablr to thoAj to lowlAnd^, rina? thr- Yatnmr mv ujFually free from oh^trurtion^ in ai> 
proneli Eonr^, inibjerl To itoil i^rrailc! vnodB, anti to drain. 

ApjjftiQtJteM to the propow't! nto^iay layout sbould lx- ftw of ohplartf^, joich mi'PUti- 
taiitf, billa^ tall buikJiiXfSH^ I iaii£rii[j«^ioM lkt*a, faclon- chimnn^'fl, and radio towej^. 

Vmtr^ of mle ami ila HurroondirtHF hy romiij? should be inveatisaloi;! to eiuiure po>- 
tL4:tion of approach and potai^ibiiUy of expafiilou. If the airport lr located out-iide 
th*i ronunuiiily to be (K^l^l'cd^ arran^'irw:^fiti% mu^t bt^ made with local govemtmmi to 
^pianintee proper coutr^d- 

oj soil infliienres cost of dODilt mctlori. If pckiv>ribk!p the site should be eli*an'd 
^ound that, la eadly drained and ba^r aaiidy- or (fravcily-tj'pc isoi! that offers a eati^ 
fttctorj- foundation for runway fiavetcuiiLija without csccmvci.v thick !fubt>a*4e9 and 
ciJ^Ely subdrainsRt: s^'atenis. 

dcfCAiHfrifily to I be ronimuiuty id edaeutioj to pre^rve the edvantaise of iJjp pp«d of 
air transportaHou. In gt^neral, aentddibUity h measured in tinu- ratlier Ihau dlFitauce. 
Hitcd m^ar modern express biKhwuy^^ an^ to be nought, and thniic tpounded by traMc- 
coQgL'dted dtm*tn av^otdetl. On the nthi*r handn the Mle dhtiuld not he so lemote from the 
conmionity as to requite escedsive t^n^i^^^onal Ion time. 

Effici un lend mliiei and tax a^^iSHmeEit^ may Ije advena? or hem.'ihriiil deppendJuK 
upon the nature of the jdte. If the airp<irt w located tiEW refliiientittl propeTty^ the valtui 
may RQ down las^auiM* of noise niiuBancc and comMercial aimosphem of the air|K 3 rt_ 
If located on undeveloped land, the airport will increaM* value of land for indiauriuJ 
sitL^a and for other ubcb rvlatetl to the airport. 

dtvzifahihf^ of itiitiiieM, such ns elect rie power, tehphnnc, water ^were, and jpnbJic 
trBiv|xjriacion, should be invT^igaled. 

Sporitt^ of is a conHideffltrion., since airpcprEii should not lie spaced sc clundy 

that their air-ap[>mairli traffic p^tleriUi uwirlap. Th+i CXA reeommeads that tbi* 
minimum distance Iwtwk'^m airports for cenLaet iip^^nitions should he eeiual lit the sum 
of thn radii of their tmffir pattenw* Tin.' radii of airport traffic patlems arx^ as folluwji: 
p^rnwnal and secontlary airports, I mib; foeder, 2 miW; Eruiili line and espnaw, ^ mili^; 
continental and lar^Tr 4 mill.’#. A spueinj; of 14 mih'« Ls reeoiDiihJiidE.d for the larfitT 
airparra where isclu*duUxl nir lines make fiequiml instrument landings. 

fTiufi of dcrclapjxjFFif and opefuiwa are major rnruddenitions. Alternate that 
nii>cL nperatlonal re^uinmients should lx* mmpaoxl on ihs" ImsLs cjf coeit; mat oulv the 
drat cofft, but thf* long^runjp.* ecanoniic cost, which includec Lntereat on iJiVfcaitnien,h 
amortisation, and annual Enainteiiaiif^n and operating lexpeiises (see "Ecoimmicsi/" 
p. 2 I liO. In making thiSvCOEnpckrisou tlie cotfl of ibe ulEimatc desi^ aa workixl nut an 
a iiijuiter plaiL should be eoEisidered as well a« the ewt nf the initial staged laf the work. 

Rerofinaitmnrt fat airport vdes involves tlu* iw nf U-kH. Gt‘f^logicltl .‘^im'ey tOftoj^raphle 
matjis puppk'ment^'d by a study of a^irial phuto^raplnr, usirig stereopairs for Mndpng 
relief, PnilimmuLry' runway laattcmic an? drawn on the topographic map, euui the fti> 
proachj:fl elieeked for of^stmeEionS'. If soda niapA ^ an? avaJlahlCp they may bo inxxl for 
foundation and dminagiv' isliitlie^. ProEiihiiiig jfitert am invest ij^ted in the field and can.*' 
ful tintes made of all factors inffueneing the di^rability of the site. Detailixl studies 
am then made of tbt! mofft di’^irahli* mte. 

LAYOUT Of AIRPORT 

Runway Layout- The choice Ejf miiiWiiy fxrLtcm U infiuenecd bv the rw-s?ejiHit\' <i/ 
obtaining dear appr<iLachcs. the di'sirabiliiy of cov^^ring winds^ and thi^ nece^saitv for 
fitting the layaiit to the topography in such a way as to secure low grading and draina^^ 

* AljubalD IdeniiOciillaii. uf i'ni|jr4 SUtM SaU». C.4..4 Pith. 

Iffpt. A2i Mxy, I1M4 (irilii bibiiiTfoV-F'fiv) > 
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ctMlj. Hif elmpc BJid t)f Ifftllinat tktrH ubo ih:RuL>^fiw tin- l&Vmllt. ;Hbort 

aiid dlfewrl La^inj; dipt&tin*?' atv iH'IWivti niUttsiyi^ aHii iKi' ail-p4^rl l<>nmEUi]. 

Thi^ niiinlM^r nf ninWny^c 1%'iLl [SffHiiicI lipuEi wiftd-CTJVs'm|;:i' m|ijin.'lii[!nLf4 nnrl tnifHi? 
voLunii^ l* hi": hjmrlliHi. Ti» inc:n'«s4‘ rmpjMrity, ihs' ItiysiiH muHt permit 
infii' ni iwn or mom ninwAys. Ute orientation of the njnwftVB depend? upon n^fttneJf'- 
rkamnetr n^uin'meni? and wind mvi'rai?^. Thf in-TtniTn^nt runway ?bnuld„ if puf^Mr, 
In* alipied wiib the airway iwittin. sn ft? to permit direct approaebes from diiwtioti 
of iraffier X]s*\ the appritarhiss should be chosen to faJ], if possible^ over 

i^p&nely eettlcd areas where the public wil] be- the k-am ioixinwiijenced by noi*e mid 
leo^t expo«<4.-d To hazard of aireiWt itccidtnls.* 

li'tj-jti CowfUflf. The CAA spedfics that ninway* should bo orienk-d m that aitrmft 
may br londed at !eaj?l 9S percent of the lime with cross-wind e^>mportenls not to 
15 mph. This is eonsidend the average maximum cros? wind whieh ema \m* rmfudy mv 
ivpud by light- Kfid mtdiiin^-weight aircnJl. I^rgi^r tnmrport uirrmfL c:mi he^ bmiJid 
safely Willi cro«s-wmd eomponeiits of 20 to 30 mph. J^inev most Hirporta an? umhI by 
light pliiiii»i an Web AS transXKPEls, compliunei.- with a 15 mph cuirLiaiminL Ie ri^^nmiuended 
uherovur pmeticai. How^e^XT, with incn^iuied Liiidiiig spoLda, EhtJ^ g«‘'iu^ral adoption of 
iricyclo taiiding gi'Mis ail large aircraft, uiid thi' developinenl of intend Umding geara 
for snlidler airefaft, the factor of W‘il]iJ: COVeragt^ has Lecetni* k'sa rjitlCfll. The trend 
Ls toward □ne or po^ibly two directioiial layoutei. In some localities, where the pre¬ 
vailing winihh are eOLLdstenllv in one difeetiuli Or iIk^ revei^\ a -^ingk' runway wilt meet 
C.AA r^uicemeiitii^ On^^^mnway Layoula are BomeLimss aLlupted when wind-coveragG 
retiuireinrntzj arc not fully met bul the approaches me excellent and olher factors are 
satisfied. 

Wind coverage is deLortnimd from a icbtd roac. A simple type eomnEtfl of bam radi¬ 
ating Id the several cumpawi clin*cliaiia, t^h representing to scaJe the pctcimt of lime 
that the wind blows from the directiou in which that bar points. For a maihumatical 
coinputatioii of wind eovcnige on the basis of ettH^wiiid componc nt, a niod ruse emiiliir 
to that show^n in Fig. 55 is required. This rt3Be gives ih\? pi^rcent of time by veloeily 
mng(v aa Well ae by directI'ojis. The amall ^gtirrs oh the dEngram represent the per^ 
rtintagea of lime during which the wind bluw'K from the compaas dirfetioti? bc^ 

iwE.‘i!n JiMignaEcd vokieities. For the wind rose in i'lg. 55, ihi:: pertentagi^s of winds 
w-ere known for velocity rangt's of D to 4 mph tealmsj, 4 to 15 mph, to 31 mph. 32 to 
47 mph, and over 47 mph, Wi^d^l over 47 mpli aceuuntod for lean than D.l 
and w'oie neglectedr Thi= wind ro^ may la* useii tu determine the niaximum wind tuv- 
i-raf^ Joe a one-, iwo-, or thna^-directional runway layuiil^ or it mjiy be w^hI to cheek 
the wind co^xirage for a layout adopted after a study of oliHtaclcft in approaches and 
other factors. For finding the maximum wind co^x^rage Exjf>sihle for a given mnwa\% 
a tianapofent plot is made af the runway ramtor line, anil tJandlel lines art* drawn ix*p- 
n^M'nting the limits of 15’mph croas-wiiid compi.ni^rils on each jttde of the center line. 
This plot u then fupt*riropoeiefl on the wind rone with the center line passing through the 
wnti^r of ihe n.sse^ and rot and tinlU a duection U found i n which the gnpati^t pcrix nlage 
of wind is indudiil within ihe SO-mph-wldo band- ff the lay nut has more than oeu* 
ruiiwa>% bands are plotted for inch njoway mid rhiftetl about ihir cenh-r nf thi* wind 
rose until tht; direclinn fur each rmiway is fnlUiii sunh thal the total pcfcimtagi* of wind 
cuvemgif by all runwnya is a tnaMimum. In Kjg„ 55. a 1 wi>njnway layout i? to hi* checked 
for wind eovoragy; Ensl lor Runway A alone, and rhim for fcmlli Runways A and B. 
Thi^ runway center lines am plutretl on the w-lnd rose in Lhetr proper coznpaas diR-ctinns, 
ami lines drawn pamih'! to iTich crnter reprvscnEing lo the scale of iht wind niw 
Ehe linuts of all cnjss-wiud comEament^ of 15 niph. For simplirity, The iH^rceulafp' of 

eScH "Tfan AifTHTl uidi Icji N'ciiChlhjAi." Anietl Clir I'rniklmli'ii CerniisiMiuta. ]d>. lU^, 

j/ijhl4*l:»^ ipy IViiitma 
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winrfif not eovon-d ii« camptitwl and deducted Irnm 100. The pcrKinU^ iind friuUonA 
dl ptimsdiAnti^ ouljiide tbi^ tintitM of mvveragp (iiiu*h«l LtUM in Fig. S5) for Riinway A 
areafl folloifti: in liirertiniu NAY tn E, 0.4 X O.i + 0^0 + 0,d X 0.7 + D.l + O.O X 0.8 
H- 0.0 + lA + 0.2 -h 2.3 + 0,0 + 0.8 X 0.1 + 0.0 X 0-1 + OJ X 0.2^ from f^E lu W, 
0.4 X 01 + 0-0 + 0.6 X 0.1 + 0.0 + 0,0 X 0.4 +0.1 + L2 + 0.1 + O.H X 0.5 + 0.0 
+ O.fl X 1.0 + 0.0 X O.l + 0.1 X 1.6 - ai6. ur Ol.M percent cover^. Tlw witii- 



Fan, 66, WiEirl cnvcraec for rro»-Wli4 eoinfioiarnt of 16 enph. 

tion of Runwfiv B will mid file fallcwing covera^-* fttiiti N Id ENE^ 0.5 X 0.8 + 0.0 
+ I I + 0,2 + 2.3 + 0.0 + 0.0 X 0 1 Wid fTnin »« \V>\V 0.5 X 0.4 + 0.6 X 
0.1 + 1,2 + 0.1 + 0.0 X 0.5 + 0.0 + 0.4 X 1-0 - 0.40, idviiig tolul covernge for two 
runway's uf 08.33 ptw'nL The nruilysu^ nmy U* n+ind by ut^ing more wind-vebrity 
grmip^ if they nw ttvjsiliiiile, cr It may be applied for olher rttipa-iiriiMi cijmiKidenL^^ 
The Air Force Hi-kuIuI f ohm call fur ciivcnjign' of a |3-rnph enx^wtnd i'oni]X)iit'iLl for 06 
|HTO-nt of the- tiuje for albpLirpu^’^ Eurpijnt^K ^ pt^rreiit for nvcdiuru'-bcmlier, and 76 
percent for hiwy+Mjiiilier olrpcrtis. 

The wind rtmv upually employed for E^tudy purpn^'T^ hf ploUed on cub juiiitial basis. 
In luiratujiifi thi^ irind dtHlfibutinn mriea during llu.^ yeiur^ nr^ f^ihuiLld Im* plotted 

fejr Ihi.^ diffen^nl shwoiis mid ibe fluetutitimifi (jtkE'ii into ateouEif in di^tgn, piirticulariy 
if ttw airxx^n is ii-»»eil moslty in certain (setwrw- For sefrrcling the instrumenl-ninway 
ork-ntalion, a wind for tow^-visibility conditions k ustdul. 
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^^lenranci. To t€*t the ippmarh Rrtnes for cihfltnele ckwanceip an 
topogniphio map <vf the airport site and ira environ# Lb required for a Tudiu# of 
at leant & mllfcii from I he airport boundary. A eonvement nu'^t hi^i for ti^atin# approavbes 
u to prepoit^ a plot on tnitupoioDt paper or eloth abouiiLg the exlen#ion. of u runway 
evnirF lioe, the limlta of the approtieh zone and contour liot:^ reprtMwnling the elevutioite 
ut the preiferibed glide pintle and #ide-c;3enmnee p]aEiL>a. Figure 5b illuatratea a teiuplale 



0 1000 ft 


sf&ftt Af 

t0,000* - 


t» -5- 


" t 




40.000* 


Fia^ 5(1, Teruplate tof ehet^ldna appfou?h-'Wvai« 


far Leiftiiig vlearancva for an iiuitruinent-nin iva.v approach. The appreach-xone ti^mplato 
Ik Etted to the end of each runway, and the ground-aurface coiiluura eoiuiiam^l with 
thuMi of the glide plane. Any high place# or man-iwlr- rcatun:# on the gfoLind I hat will 
protrude into the glide plane are noted. Tlie runway layout ie adjiuted, if iiuceBisary, 
to avoid obstacief with a nunimum of Raenhoi* of wind eavemge. The tumlnu-zoini 
ctearance# are examim-d in a nmiUy' manner^ AH ob^truetion# in the luMiiiig zone are 
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spotted uid t,^^ji to rvaiav^ ju toMiy ^ and lo umr}t and H^bt ibnae 

wliidh <uitL<Dt be tv^mofvvd. Detailed plaiu a/ip mitcle of critical ape&fl in approach xonc^ 
hhowmg hei^bta cf imn, poWn, building, etc,, lhal come ni'ttr (^hc glific plane. Hk»pc 
am then token to obtain ennitol of them* area? by cftH'mcnl or purchaMv so that ibe 
obAtnictiOiia may be remoiiTd. Clcanmccs for ntilroada and highways are shoim in 
Fig. 57, 

Runvay Cnafl^uratioiia Tbc Jornplcst la>\kul is a mngjic runway wit h pamJId taxiwav 
akiit centrally located terminal ama as shown by fuJI ILnea in Fig. SSu. Two dlmeliona of 
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opi^pition are poes-ifcilc. D^2i otr 2t-lL Only oni! tuiiLliiiK or ttiiti;><jitf can be tnadc at a time. 
Under thefH? condil.o^m tbi« eap 4 U'ily of the rtinway lit aliOUt 40 lUoV^Hiulltn |x^r hour 
UnclufJing Ixnh latidlnge mid takc-ulTe)^ When more capacity needed^ a aecond 
paralbd mnw'ay may be built aa show n by das^bed line« m Fig. 6Sa. In ibid dorignp the 
oHipnnl mnw'ay can Ik- uaed for takoKiffs Mobile the ^Tutore runway^* ii itsed for laridingd. 
Tile capacity under visual flight rules will W raised to about ^ nioverm'iits per hour. 
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[jiitdiiti; tmflic ttill bfive to erofw the tAke-off nmwuv imdvr from tower. Figure 

584 flhow^ pbt^bl ru&wByH anCWO to4K0W> ft aptirl with llu.^ teitaitiAl jwea ruo- 

Thin airT7ui{|f>mfnt hm ik'Gnile oper&ticituJ luJvaiiiiLgL^ avcj the Ln>(Hit b Pipf. 
"S8rt. TdKiwtiX'H dll iinl eross runways, the terminuJ L-i r^mlrtilly IrKated with nmpti^ 
mim for c^KpanMinn, and the wide peparatiDH of mnwjiy uppmeichen will inerrja^te (Mipaeity 
utiili>r ruodUinns nf low vunhiUty. A aji-** will Im' i^'ijuired ihati m Fir. iSn. Thi’ 

two pamlki] runways riiA^l not be opiJO^itc each otkir. the ulTrtai from the 

Terminal ntim will <iepr«iBe tHxiiTiig distanri* but may inmam^ laud and eoivitniel;iiin 



FlQ- 40r Two^dipWilCKlitil Irti OUt with OOnidtcraertLiiir CCirif A rr^Kui ij |^4 Admire 

enfltjf. Tftjftways nmy be extemhii to the mnway to provide mu for iticotnpleted 
takooffj^, or, in ciu^ of emerp-Uiey, to fAeilltate lujidinj-s ojid tdku-offa on the jiame rutv 
way, 

Fn Fir. an open V-type layout b Fhown. Thi< layfiut ppviis four direetiockit of wind 
rovemgL^ and Jii -40 allnw^ sdmutiaTK^iLo 0 |>eratinii of ruiiwa>> io niufit ilhreedon .4 wb^n 
wind veJtwitiep art^ not unusmily high. The traiHc [lEi^Erams lodieaie a H^paxalJo!! of 
landing and takenjlbi m thrw* of Four wind diryetionfir Tn the one Mtimtioii when' 
the lamlinR giO'itnnznd path inn^n^l^ taki-^tiff pal h the hmdineiF uiid take-offs will hh.yv 
to he madi! separately. Thi' V idiupe p^rmh^ a wnlntlly locati'd tymunal area with 
njom for o^pansion, in dtwi^ the angle of the V h made about iXl^ When 
additional eapaeiiy w n.'quirifd, thiF dt^iirna in Figs. 585 aryl 59 mny l>e exp^ded by 
building a parallel runway ouLside of each of tb^ origtnaJ nuiw'aya nt a spjieinig of 7^ to 
1,000 ft. Two mnwaya would t hen be avnihtble for landiiiigH and two fur takt-ofTi» at all 
tLnie* in hlg. 5S4, and for mml of the tiuur in Fj.g. 59. Moat eaiatlng airports have 
eroeviug miiwuys. At lomtiouF it w knpractsad to build aoninterst'cliiiB runwayna, 
Whf n wiiidri an.' not eritiraL ihn mpaoity of thest mn be improvi'd tiwr Hing!t> 

runway operations by a'dng ope runway for takiuMjffn am! annlher Tor landitigp. Tb- 
movemenu an- abomab.sj under direrrioiia from tb^ 1 nkthi-euntr^d towen UndLir 
inj^irucnent-kandiTig proo'dunw, capacity is reduteil and delays to landings occur. Imr- 
proveminitfi in air-traffie coutnd am Ultimately es|weE4*d tij increase laading Fatt*^ in 
overcaat wivlhi'r to tiiwrly iTQipd thoer; in gfiTHj weatlwr^ 
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Sjstcms. an-* Ldd tiuE lu I her [rnmuiLl brvA with uf 

fur l^f^d^T!r: And [d tAp tbi' runWAv^ At puiiit# ID pnuvkdc utitA for Imncling 

(nircnart. Ijindioj^rt limjaLly da nol p>c|iilro tlier foil of the njnWair. Tq rJoAr run¬ 
way i}f landing; »» ntp^Uy m pnH«ihh\ tnnw an* IntmcluiMAJ st iMiway 1 *^ 11 ' 

{Fig- &Sj- At the i^nrJja qf njnwavR thu' itixiway^ jnin thf runway at abnui OO"^ to give l}ie 
pilot a viLW of the runway anei its i*xlenpion in b*yih dilwtiow?. Aeiditiocinl fwivenienr \b 
added la malte mom for watting plom-a and to nJInw one plane to pa.^ another in tb<^ 
tak^Mjff t^Hiucnn-. Taxi way widths and Heanmet*? nn- given in TabC** 2fS. Widths of 
76 or lOD ft eify uj^ually providt'd at the large eonuikrrria] flJrp-irtj-. At of the smEJler 
airports, ninwaye or porLicirLi<; of runwaya an? used taxi ways. On ptrsonakype air- 

ports, taxiing is ofu-n dotie over turf. 

Aprons. The apron or ''nuup^' ailjacuiit to tla- terminal b umi for triad] ng and tin- 
iLiading aLrpluiu'ji, for fuelLtii;, and for niioor sei^iettig and cht-ektip. The dijm’maocisi of 
the apnai depi^nii Upoki tfu' annibi'r of luailinfs p<jc<itiutis n^iuin^ii and the stae and inrtiitig 
ohameteristics of aJre^raft. Tlu’ rimii1:H?r of npieeA th'piqids ujiOtl the tiiiie rtf rtreujMmry 
\M^r aireeiift, the tiini* fsartg ItiniP'r at tl►n^illal aiqKirtPi tbaii at en rDUtf" f[o|js. A stliely 
of apron Dp'rmEionfl hy llio CAA * duvelopiKi an ave^mge ratio of 0.45 liMnling or ^^gate'^ 
pi^itinik5 fur hourly plane movena^Eit, For 40 movenient.-^ pur hour 3 B luading posi- 
tioeui an.* indirattxK Thi;' stu+iy p(nnl4 ^ oije that aprem ofK*raiiuTi}f could b* pi*rrorTrtL‘d iii 
inueb Si’a:? liny*, fajt pmetiral mnsidt'raiiruis, i^ueh ai* standing mvr Im'twis'u srhotfutes 
and allot rnent of gate pix^itions lo individiud camiwinirs^, provtnt tb*: aitninou'nt of 
inaxiEnuni efhdenoitw. The alrplatw positions an* dcsignaf t^i by cireles dejifenlinjE ufmii 
sjie of airplane (*«? p. 2-14fi>. A diameter of 150 ft will take cant* of airmift «ii b wing 
spans up to tilwjul I20 ft. Larger airtrafi will rKiuin- l75-fT"rlianu*ier eirek^. Apnms 
imy hi* mark<Mi to provitlr di-sirabli* rombiiiations of I5ft-fl^ iTo-ft, or otbi*r ein* rirck^- 
The mininium kngth of apron for 4CJ movemfEsl^ pt^r hour* with IS pkws at 150 ft di¬ 
ameter is 2,700 ft; at 175 ft dianu^ter it would b* 'AJSO f(. To pmvide such Si?ngths of 
rr(»ntag<.‘ without rt>C|ulriiiig e.xei-asive wjiJkliig Ji^tjukees from the temiinal, spt^rial i^bajies 
an^ tk'slgnfd as tiesefikd uikder terminals, p. 2-147. Tbt^ width of apron ilejxmd.’’ upon 
sEEe of loading positions atid taxiing n-ctuiremi-EUs. At small airpjrts t^k* vvkiths will Iw 
200 to 3tXl ft. At largtft airpuris StKl to tXKl ft is nxjuireil. 

Master Plan.* Each nirpckrt sliould have d master plnti showing ultininte devt*lMpmenL 
oTi'ii though the aelmd const met itui is to be in stagi'S, as in Fig- oS^j. Thi.’ iiltinuiti* plan 
will provide a hosb for aciiuiring ample lanci aiitl for determining zoning roipiirod Hr 
protcel future atipitioche^t. The plan shauhl \n- flexible oituugh to |x*rmit moditiratinnK 
k'twTen Htags's rtf euttsiruciloi] To tiii'et the ehiuiging Eit^juamls of air Ernnsportation. 

fiir fertMW* n-tiuitt^ a tiiNSter |?lan n^kt only for the airfield but jiLfio for many 
n-lated activitjes. The base is usually Ideated at some distuiue from setileil arvas, and 
s£> requin*? aJI the fac-ilitii^ rrf a small til y: mails, housing, water i^upply, k’nig*' aysh^m, 
powiTp ete..i lu^ well ns Icugr^ .■^lemge fnrsUtiL'H for supplies and animunition. The omsEer 
plan requjnis an allutatioii of spatt^ for the ultimate ry*^n:is i*! all opi'railoiis with prnvi- 
sionfl for stage deVLiopiik-nt. 

Airpfv^ Ptam.* Airfleld etmstruction plaii-'^ include a loealion lunl site 

plaEi, maater plan, layoul |Jaii, elenriug plan, I wrings »kfid soiLs-L^xploralion plot, groding 
and draiimgi? pluo, runway and tasiwuy prohtes, Arce.>si^wid phuiaaiid prollles, drainage- 
litw profiles, pavenu-nt cross iiectiojis, ilnunagF stnn-tures. lighdug and conduit plan^ 
Eurhng plan, aeiJ suiumary of eonstrurtiim qinnitilit«i, Phtiu* are also n't|uin>d ft^r di^ 
velopment teniiirta! an^a, parking lots, and for ccmRimctian tA terminal bidldingp. 

^^T^rr^l^p, P. n.. *H(I w. Aiiv-rpft IUiii:j|ii Timr. Awtaiw^ .ifr. IrtJ. ITk Nwi. S, m.hd ft, AjiHI. 

>1fiy. Kniil Jiiiir, IVoI. 

^^'AirEwirt Hwiuiiix."* HA A. Jip^. 

^ PliihiHiia iihd H^vstudifiksttin Air Fiim- Urjiiilatiiin Wi-t- 

**' VnKtfi ,S’l .Aiomrl rCrnrHa,” KA-KLlahlr fnSii CA4, 
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Fi». <iriL Tj'picBl nmway MectiuHH. ((^rU Amutnntif* AibnifUlfatiaii,) 
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AIRFIELD DESIGN AND CONSTRUCTION 
Ruaimir Cro$fi S*clion. Hui)wa>'v hthI tjutiway*? nii' shfM,^ imogversely each way 
from the center (iiie to pro^’-idc for ^urfibee drairua^- PhvwI FUtfiiEu* arr iloped LC3 to 
Li5 percent, and (p'litled luifan of Lbt lainlmg fitiip are ^^tapi^d to 1,5 to 2.0 pereout. Paved 
runwaya are of bitummoos typt*s or purtlnikif ocmecit concrete, the tlhckiipsB deponidiiJi; 
upon ihe weights of Hire^ift to I* aceonmiodated («« ''lavement Dtesign/* pp. S-MO 
and 2-14-J). Side ^Jopes of rute and lilb alicmtd be lui flat ai« powdhje. In rut Uitv j^hould 
not eucrooeb on lateral clearaikce nJitio< measured nomutl lo edge of brtJiiiK strip. For 
fiualEer airports the ratio is 5'U for Lir^'r airporls and for military Bi'lds 1U:1. 

For miiftfory air bjise mnwaj’?! a miniinafa croaa slope of 1.5 peret^nt is wc|uin.Hi on 
petved rmi^^-iiya and taiiways^ and a miTiiimliii of 2 pt^Fc^Htt imd maximum of ^ pt.™fiil 
on tiirfL>d rtboiildere. In the EcitemI f^fety zone ua^ldi! ihu shoulder! no grwh*^ over 10 
pt^rceiil are pirtidlt 4 .^. The kE^bouider^ arv 200 h wide inati-aj:l ui 175 ft as In Hg- 00^ 
Hh? Kyifuty Eoni' cxtuoiis 750 ft osi vax;h side tsf maway ct^nu^r line. 

Draiiaa^fi. Svrfart tifHtnage is eolSeeled along the edfit^ of the landing atrip in ididlo^v 
ditrhes lE.^ding to Intets piped to ftorni sewers tFig, tiOni. At some of the larger air- 





TLrf^arm 






_ 

/jvikie jJwTseAar //7MrJ7ret//jr^ Ae 

Pfpipff P&/S /j^ir cwjSSarAw- 


Xtofe7ir/ i%im^/co^tipacAsv^ 


Ftii. 01. Section abowing d^Laha of paVctrient gutter drain. (CIi'f^ itmuiwiaiJlir# Adatt«£a*«ti£EH 


ports, with wkli.“ pawd runways, the surface water is also collected along th** tiljp! irf thi* 
runways (Fig. particularly ui northern climates w'here snowlkanki* along the cdg!w 


of ihe runway block dtaiiLagr aeroas the 
landing strip. Surfacedrainage inlets mny 
be placed just outkiidi.- tlie edges of run¬ 
ways, or they may Ut- set in a shallow de- 
prt^ion built in the outer edge of The pnve- 
nu^nt (Fig. Ul L InJcts nre usually spaci.^i 
from 200 to 300 ft apart along iht ninw'ny 
tor tfkxiwfty). 

,^u6infr/^ dminn^ is obtaineii S>y the 
use of inter(?i^ptor drains and p(jrviou.H hawi-- 
course layers in much the fatne way that 
highways are drained (we "Highway Drain¬ 
age/' p- 2-^). of Uiei .•^nualEvr turfed 

Gelds are droirud by a network of StilHLraiEu 
covering iht? entire arva- At airporLH with 



Feg. (12. T>-piraS aertion of ftubfMki^ drain. 
TCti^ AefflMituJfcci 
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fiiived rulkway#, mihKlmJn^ arv iL4Ujilly alon^ xhni rdi^^ o^ rlu? miiway-ri wlv-ro 

croniiitioEu^ indient^- El'iiit flrEsJtu&f^ i* tR«L»dL-d to itic j^iiind-wAH^r ItvpL a fom- 

hintni infj.‘riHi-pRpr niitl bw in ofli'h IFik. 

Desigii of DroinAgt Sjstem.'^ A td kniiliTirrri^iiiad is n'f^uln.'d t,n rjirry 

waT€f frtikn iincl icybclfiiliin in min nniiEnil waii-rwAj's. In low ftn'-A'!, 



f]a. (K3. J^D-njoii oi slwiWiiiis Ltr^an^o drsiiEn dpEaila. tCVriJ ArvwiNiird^t diimitii*- 

rroliAn.,) 


HurfftCii: watprw tin' Miirititfmtw dn&iurd intfi ditchk^ nr nunalu niiuiini^ uruynd thf p^Minkc^ttr 
tif Ih^ airport. Ksir tlic^ dtisigEk of tho dtr&likH^i* Kvat-E^m^ a topu^^mptiir map to thu^. scnli- 
of 2m fl or Irm to thi- Inch w n^fiuirml, upcjtk which h< plotted the propuL^nl layout of 
njnwiayji, liiJ£iwa>ij, apnmH, iUkd thr* lE'TTikliihl plan. The- pnnpofed j^urfacu j;;ra[ib:»i of thcni' 

1 Sm "Airpvl DniiiA^/' CAA. Gtiyitrftln?iil FrtnlirLE liJiBijfi, 
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fiTttum Atv Bbown hj eontouTH of i£iter%':i&h 0.1 or 0.2 ft paurd ari'^aff, aftti 0.5 or 
1.0 ft for liurfL'd tkn^as^. InWt locffttiorui anil jiubJnsinB juv plotted, and storm tlraiu Ifnrt 
kill out to rollrcl tho dkolmret' tfn^m. Thi^ fihiMilil be ne direct as pKWPiblp 

to avoid e)cct^w leJii^tiH of pipe; fn.'quimT rbinp^ihK in pipe piie should also be itvoided. 
Growings oF p\\w umler ninwayi should ho held to a miiiimimi. 

Fipiri‘ flhoii p a port ton of an airfHi rt r| minagi' atfattiiiL Tin? pipe sixes itro roroputt'd 
to aeeomrTUjdate tb‘ dircKariei' from the design slttmi, whieh niuy lie taken a« tbai es- 
pticUtJ onet^ in ever>^ 2 lo 10 wars, de|>endiing upon how n^Houb an effeet an oreasinnal 
dcMxling may have -tm afrpJaiii' u|m^nitiotks. Tn some deM^ris, a ci>rtaiti aUKMJiit of j>OTiding 
hf permisttsi in areas nulaidi^ tlu-' ruoi^rayK. The rh^sigri of atortn-Rewer j^ystems by tbi* 
^'ratioinJ^' melhod is rovertsl in A.-'ction 9. For militar>" «ir hitMv the ■'ov'erland-flciw’' 
miithod thf computation k rrcomroendt^d-^ 

/rj/cruArfion are required to di^termiiw? pavement grades wherr run ways or 

taKiwajT* intefsect. Cei^tar-line gratlw arv held miistaiR and I he i^ondi^ of the outi^r 
portions of the runway zul^usli-il «j thin: then? wiu be no abrupt rliangt-a in Kntds^ in the 
])fllh of planes.* Tliu surfaee should alw bive su^eient slope to drain prt^perly. .4 
separate plot ia inadu to the m?ale of I in, - 50 ft and the ffnal gnwieifi represunted by 
contours llsinK an inlerval of O.L ft. 

Soils i*j\> requiretl for deslicuing runway pavrirumtif and base 

courses, and For plimning clTaitiage liikl flulHitiuiiage systecos. S?uIp telling h also re¬ 
quired for the rontml of the eoto paction of 
fiJb ttHiJ base courses w? that tbere will 
no delrimental seltk^i^nt undi^r luHivy 
plane loads. The pnweilun'fi for soil sam~ 
pltng and testing one mueh tb‘ as 

for highways (see p. 2 sij i. The resultf: are 
pfottetJ (in soils profiled or on a fioritig 
ptaii whleh shows Jocalions of bt»riiig?i with 
tvirpt'ci to proiKtsed runw-^ty laytniL and 
aisu individual profiU^ of the soil kyen^ 
enconnlered at titeh location mih a dt"- 
scriptiun of caeh soil type, ^11 rkssiih- 
rations fur mrports haw been adopted by 
CeqjB (if KnginiL^rs and by ihe CAA, 

ThrsH' an' un.'ful for corridoting soil lypps 
and cotulitlons with runway-pavement and 
haiii-itiirktavs n^iiiici'inents (see Tables 27 
and 2ft). The etassl&itat ions are aupplc^ 
tnetitod by eliarls ^ Fig. M i to aiii In clas¬ 
sifying fme-graita^l soik. The A line in 
[he Coj-ffef of En^neer^ Unified Clawi- 
fixation k all empirieai bounikr^’ between 
ihorgonlr rlayj^ iCl.i-CH gnKuptii and organic 
colloids groups). The vortical lini^ 

at liqiLiid limit oi 50 sepantti^ soil.c of hm 
and high n^mprir^lbility. In the CA.A 
elaandicjitii^n the i^ilb are arrEkrqp.-d in onler 
of df.'creaaing desimbUity as subgrah^- Thi^ ndation liuLl cIuhi^.^ anii fhmI 

di’^criptLoii is given in Fig. 4S. 

■ HqrUre llnLLiL&iir F'liciJiliii* fur " I^LKitvi'cttliR- MurUfeJ f^f ^lilLk^-ry Fmrl XIIJ, 

ClkiU'. 3. Ilf Cliinf uf t>ksin**cf», Vi^imntnrni <*f -Vniiy. Ainu MiJiiary .4trfl^dfl, A fi>T3ifKi«iijsii. 

TrunM. ASCA, rvL Tl. Mu. 2. P*rt ^1. m7<Z^. ItH'a- 

* KnEiwpTiP-B fpr CocutrucLLDn" tOdBrr ^ Cbirf uF Ivnpiiiir^n, l>#|WJ^tnTii!iit of Airru'l 

rft|Ulxr* fto fit# lif cbuisr id irodc ovct 0.4 pfirfcnl *Wi niD‘w^>- lidm^ ke LubPfHriJnit^ 



LLim^ IIhK 



Lldvig limn 

Pigii^cilr £h.ar3-uniili«a kH ^iiiflcotlCA 

Fio. 04. CtajmSIiriiliiiEL L'-tiiirt& for fin^ 
ifriJned foilit. 







































2-138 RAILWAY, HIGHWAY, AND AIRPORT ENGINEHRIXG 

Table 27+ Unzvteii Soil CtAMwincATiox—’C oej^ dp E.vfjiNELELHa* 


Group 
aymbol * 

DefirripLioFi ■ 

Uiiil dry 
weight, 
lb per eu ft * 

F^y 

CBH 

f^ul^gnide 
mcKlaluH k, 
lb per eu in. 

Cname-gruined Gravelly Soils 


i2&-H0 

0CMM> 

500 or m ore 

110-130 

25-eO 

300 or OMre 

135-145 

4CKS0 

500 or more 

120-140 


300-300 

120-140 

20-40 

200-300 

1 Sandy Boils 

n{3-i30 


300-300 

100-1130 

10-25 1 

2(X1-3CKI 

J20-m 

a)-io 

300-300 


10-20 

200 300 

105-130 

10-30 . 

200-300 


CiW 


tSP 


GM-d 


GM-u 


GC 


WeikgTftdwl QT ^vfil^nd 

mixtures^ little or no finest Excel¬ 
lent roimdntion, none to v^ry 
Hliicht rrost aclioti |ioteDtialj ox- 
ceileol dminni^e eharacterbtjffl 
Poorly gmded gravets or gre-vel:- 
aaod mixturea, litllu or do filler. 
Good to eKi:;ellaDt fou&diiiioji 3 , 
none to v^fy edlghl fiVHfi ABtion, 
excellent drainage 
Silty graTeli 0 + pavel-s&Dd-silt mix- 
twed. Go^jo to oxeellent rounds- 
tioiL, slij^t to mundium ftooi ae- 
tion+ fair to poor dniinaxe 

Silty p-ftvebK mis- 

tnres. Good foundalion, slight to 
niedtiun frost action^ pi^ to 
praelieally impervious d^oa^ 
Cla>^' ipravel^ 

mixtiuefl^ Good foundation^ 
sJight to medium frost action^ 
poor to proetirally inipemoua 
drainage 


SW 

SP 

BM-4 

S\[-u 

SC 


WcJI-fTsded sandK or gravelly 
sands, little or no §n^- Good 
foundation^ none to very slight 
frost aetincp excellent djairaige 
PoorJy xtadL>ii aiiiidu or gtavaJly 
siUidjs, litlle or no Fair to 

good folmdiition, done to verj' 
slight frost Artmn+ excellent 
drainikge 

Silly sands, sand-silt mixtures. 
Good foundation^ sliglit to high 
frewt aetkuL, fair to poordmiimge 
Silty Minds, sand-sill mixlura!!. Foir 
to pcMH- roundaiioo, alight to high 
frost action, pcMjr tn praetiet&ITy 
impvrvioui^ drainage 
CUyej' sands, wtnd-rlay nuxturea. 
Fair to good foundation^ slight to 

S frost action, poor to pructi- 
Itnpcrvioiis drainage 
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27. UKinKti Soil. CLAfffliirrATioN— Coups op Kmoinkisah ' (CiwO’wiwif) 


Group 
HymlKM * 

EfewriptinD * 

Unit dfj' 
weiRht, 
lb pur eii ft * 

I^cld 

CBB 

-Suligrstk 
modiiluft 
lb i»r cu in. 


Fine-grained 9nSlA---Siil titiil CSay* 



ML 

Innrganie b\Ix» and yei^' 6ne ifioiiclfl, 
nwJc flnur. fiilt}' or clayey fine! 
jAttndfi nr ckyey diltR with slight 
ploj^icity, Fiar to pnor fuunda- 
tiou, misiiuni to high front iictiuti, 
fair to piHir drainage 

100^125 

5-15 

IDO-SOO 

CL 

Inorganir cLtyn of low to niecliuni 
plaetirit}% grnveUy elavft* sAiid^i' 
eiays, sdfty clav«, leiin eby^w. Fair 
Xu iiour founiJiitioTLp medium Xu 
high friiat aetion, praetienlly im- 

■vciipTi'artaTg. 

10&-125 

5-15 

11)0-21X1 

OL 

perviouft 

Organic clays of fiicdium to hagh 
plaiitidl>v organic idllfl. Poor 
fmmdiiLiuh, medium to high front 
nctlnn^ poor dminiigc 

90-105 

4-3 

100-200 


FiiiE>i(muii>d Soils—Sihs and Clays * 


MH 

Iniirganie ftilta, mjcnceoue or diatn- 
inaoi!oit^ hni.^ s^tidy or silty jhcAIb, 
elastic siltfl. Poor fotmtlatiisa, 
medium to high frost nction, fair 
la pcHir dmiiuge 

M>-ioa 

4-S 

100-201) 

CH 

InorKimic elnya of high plasticity, 
organic nills- Poor iu v^ry poor 
foundation, medium fixwt nrtjan, 
praelicnlty imperviciu# 

'.JO-lIO 

3-5 


OH 

Pt 

Organic days of nicdinni to high 
pliLsticitVp ortpiiiir Kilts. te 

wry pcM.ir foandaLinn^ mediuitt 
frost action, practifally imper- 
vloiu 

Peat and other highly organic ftoils. 
Not suitable far fomnktion, 
alight frofft arbon, fair to poor 
tirninnge, very" high romprpfflKi- 
bilily 

S6-HJ5 

3-5 

50dna 


1 Cpr^dkimiKHi from Tocfinir^J "UhLlSedl SoU Ctftffil&nitlan Sjcolfni,'*' Wata-WH.j.'to iLxiiftrt^ 

jiMitd Suikm. Cort» uE EajdhHft, l>«»«tvriflil of Ann^. ITor nifiiMJ *irflrld «l«iiiiScBit:kjft mm» 
CxftAiSAJLMbls AltTHCli, CtflMiJWalliidi kndl IdrOliArrdllGb ^ AoUd. Tron#., AJ^CE. I'Lii, 113, Mtl-'SO?. I'SJfS, 
f Tbii if whffn li" l^4ld llfuit U 2ft uf I» ui4 idMiMty i* rt trf^ Iw. Thc^ •iijfii- J 

bMk. L 1 i|Li£i liiiJl k thifi -JS, 

f f^oumiMiT&knrd iKiiEft Arr ihupr wktii nion! ihfell Mfc-Eifelf Llir niAlErlMl laner Lblli No. 20D nU^v? rr§t. 
QufttLtv of »oki in fMiiid«<iiJbi i# firvf itAlod U nii4 njlniKted to Ariium, fend not under 

bill! min mu- paV«ne2i:L 

*■ fail (fey TKlabt* #W for iMumpp - led KiliL fet laptiliiUni enMtam nmalenf fer modi&Mi AAi^Ht > ^apipfe^^Vfe 
cfTcirL 

i Liquid lifeLbl ItH lJuJ3 £0 l 
■ Liquid iimjii Mi^tft iMu Mk 
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Tarlr Civil Ajckokaitjcs AMiMtiTKAnox CLAw+iFicAnf>x of i^nui ma 
Airport Coxf^^Turmoji * 


Sol 
X^ap * 

^tKfuAir^ * 

laifuid 

tmil 

iWhv 

ita4n 

IrljUta 

HiarikJ 
nWwd 
□B So. 10 

prrB, 

WntiTHl tSiMT Ituft So. IB 
pmfnl 

(iKM^ ilJimur 

Fur dnjlOtR 

Sn 

IkbI 

iVlfEIT 

frul 

Se 

tfmi 

tflKl 

VbUW 
bImI 
poaini 
So. [Q 
rveuanj 
Ota Na U 

Fiorajuil 

sTSq 

nUiMd 
Ob So. 
370 

rooiidiKij- 
rJi JkRtJ 

Sa 37a 


(Hi 

4&+ 

flU- 

14- 

ifl- 

4- 

Pb or- FLb 

Vm. 4C Kb 

Fb IV lii 

I 4 orRl 

tr2 

tMA 

13-1- 

8S- 

23- 

J!5- 

1- 

ktor Kb 


n Of Ri 

r/ otRb 


fHW 



33^ 


1- 

Fl vT lii 

n of Rb 

F7itf Kb 

F^ rrlU 

YM 

(M3 



34- 

3S- 

lU- 

Fl or Kb 

PI B Kl 

F3(r Rb 

F5 HfRb 


(M3 



45- 

4B- 

14- 

Fl (Jf Hb 

r2of Hb 

Foolish 

Fl orhli 

Y^A 

04i 



tl-l- 

fU- 

10- 

F t ot S.i> 

PH of Kb 

P4 X R b 

P3 Of Rf 


0-53 



«- 

M- 

IB-M 

F3 or 

14 « JUh 
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■ t'roEri "AirtHort CAA, October,. 11?^. 

* Sgtbi E-1 tfl }i-5 mm - I' l lli li r ) mm “umimliti-" .anj IP U “flEj^tfUUML'" 

* DrUtlEihiAtiLit] of MBAi Hit, U>d tlAV frUtkQIU U hildt IMi ibal partUD dI UJYkfviR pMaUlBK No. iO lievtr 

li pemEQlRJsa uf Biptcnd rrUmed iit\ Mni. 10 wx^ th*t illDWit. Ih<f tilMiMJicm mhy br rdU«l 

l■p&vidH1 HH'h niBWUI la And imriy vrill icrwlttil. 


PAvfrMeat Design—Flexible Tyives, Tilt thklcntAi? of pavemtiiilH (bitiuiuDoii^ 

PUrfjia.^ jHiil baM.'fil Is dtltirmiiiLid from infomiiii Eua uhininiHl from iiubgraJi'- wjII t 4 ? 0 Ln, 
fitld^loaditig eind L-xprirrieilPC with ptivomwlitsi in wi.rrvict! fpet- hliflllVeLy pmvvJiifliLH, 

p. 2^^104). OuL^ appmarh to dek^nuiiR: from londlnjc l^tj? on eireuEar (uifMdJly 

3D LiL didjbitttr) I he ihiekrimi re^iuJn-d to limit th-c dpEDction to a valiie that will not 
eaum* dEjlrlmonlBl i^ettlEniviit in tlh' piiVE'-nipikt umltf thE< oxpH^rtpd inunber of ropt^titiurLH 
of iht defigi] wbec.*] InMid, Plutt'-btsiriTig datn rttay b.* URH."d in oonikettiori ^itli 
tbeoTtlifliJ rilaI^'w# for dett rmining thiekDeMt# of k_VE‘ra of bas«' and pnvifig tnaterial 
to mipport di'f^gn lothl.'- 

TIil- Cijrps of EngiTiiH^rrt tht C&lifomia BonrinG Haiio fCflRj method of 

di-^igti in which the thkkne^ b gl^>tttlnt*^l fmm eraptrieAl tLir^T* ba-^'d oq u pcnetn&tlou 
ti^T on a conipflfded iitkI naturtiti^d Atonpli;? of fnibgrado (or bmst? eour».^) mati-fiaL* The 
CBK k the ratio »‘-^pmw«‘^J iii fK-reenil (hT tiu^ bearing valiU' of the raateTial in psd at a 
deHir^tion of (f.l in. to thai of a Htandurd cnwbini-rtoru- ^ani|]lu at thi- ifame deftN^tion. 
The ded^gn cur^'i.‘i?i * CFiJtI^- 05 and 661 give tk’ relationphipf? betw^^en total thiekneag and 
wheel loads for ififTorcint laxaling-gear arnioGE'iisE'ntii. Thc'se ciiTvi^ nre baned upon ex¬ 
tensive Jiidd iE«ktjc anil tt-'t^^arelj with jitalie aiid moving loatk. In dHgn. the maximLim 
griw nx-lght of the jurcruft k uaually divided uqiudly betw-ei''n the to'n main landing-gear 
krtmts. For thi> largi-r mii^tane# with tricyele landinR goar, 90 peretni of the t.oial welghr 
niay Im‘ aHtsigiwui to the imiin gj.'an An impaet allowance If not ailded to whtfel loads, 
TIh^ static nr j^-towly moving load w considered eiitioal for draign nf aprons, tasjwa>-?i^ and 
runway enda, where there k a coni?t'ntn4t ion of trtiJffie. On iht^ wintt^r portiuiua nf mnwayrt 
(eKolu^ngtaxJway ornuiway cpoadnj^sl a rf?duction of JO percent kallawi^d fronj Ihick- 


I AirArld Pa^mueyril. TiHi^'Jk Hmitat* ef ViMp wid Drinirijimnt of 

^ Air6riil pBVBaiaii i>t9lr£u;—^Ciubhl Pavriii^hU, " hlikMU'^nrHiLe' Mfeiiiut Tur 
VmfX XII. Ctup. J. of CliW nJ liiLaiiiiKfB LhifiMiJnjoiit of Sttiiv. Al*g ^ Mc-Wpaeji. Ojitli- 

n. A-WJf, v&LSO, .‘Vn. S( 


_, , - - - l™ or ^innoitni. v&L 80 , .‘Vr.. a-'jS. JtJy. IU& 4 : ajid A Ckin»' 

pHrupo ai Deiian SklvlliDda fcM- Akrfkid IwveCiinLlji, iV-ur. .4a'f7Ji', figrl. Te, ^ti. !^a>. 103. Uet^nih^r. IR^^^ 
* rup^-^vo |iK¥in hMit roiiMibdaled Bnil i'4siidi)nH<i<i fumk UliM ill Pari XU, Cliai*. 3. of ''KnicijirrTikiK 

MiriiEBl ffft MLliiarv Cuhilnirtsm, " 
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Fm. ttfi. Di^uii HTUri'e* For Sv^ilik- jkavTfiM*Bit* For tBAiWuir*, Aj;>mria, mud funwr^' C'TiJe— 


!^li4]wrk in Fi(^. Ii3 iind M. Tlnj* ib penritF^hle bt^rHU-^ thv appItnJ ]oax\» on' dL^ 
jK-nwNi lilni Tiin\ii])j; rapid Lv* Tlsr f^Vr tfilal t hirfc niwnts whtrh art’ to hi\ furtluir 

dt%'kli.Hl iiitu sLtrfAnj, ba^% and Kubbtwe poursefl- Tlir miEiiniUiEk tfUrfaix^ atnl bikiteM-Olirw* 
thickliLwBi^ un.« inLlirnU-Hi bv hortKUnEJll lim>H nnar lop of dUrvCB. Ttk' Mlirfaei^ 

L-uomf tit- iiauiiily uf bitnmlrLDLiB coTirn-to n'hlL^h in thii^kni'^ with iitagrkitudL- ut load 
artJ tin: | 3 n-wnjri\ A miuimikm <if 2 in, U- n^rckincoiMidi'kl for whnd likiulj*^ of I liart 
30,000 lb with tbv piv#^km+ of 100 fwi and for klual aA^L-'in.blk?^ UlldiT 46,000 Ib. Thnu* 
lucbL'S ia tvqtiirvd far Bm^i- whfidi^ l!^,000 lb wtlb 100 p^i fire pit^Lirt.% fur BiEiglc 

w1:i€h.4b hc-li iw SO.OCM) lb wil h fwi, fur tiuo] jutK^niblii^ liet wta^ri 45,(300 and t]0,000 1 b, 
and for twin tnndi-ni of 125,000 Ih ntid Itw, Four w n-quirt.ii fnr KitiKln 

wbn4 l^•ln^l^i rthovr 30.000 Ok with 200 (:eki tin- pn-f^'^un?, for duJll,^ almv-n (10,000 Ih, and 
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for twin siwvt? 125,COO lb. HHirscs d Erectly below pEivcment should cotwhjiE 

of hi^h'quAlity rmKhed itlatm, Of stjibiliicd gniv-el of CBR or over. The pubbaw 
mny lie biuM up of M-v'eml kyiirH of dilTtjftfiit of Ie«er CBR, if twnomy luay 

be t heri'byp prcjviili^ thnt tbi total thickiiL^ of all courws etbove ikTiy one layer 

iaat least equal to that requitedby the CBRof that layer I’eec p. 2-l06i. The CoriK of 


Single mhtt\ lood In tODO potrnds 



f|C3. 67. Dcftlira rtxrvcA for fleiible pavrtiscti^t*—^tojowaya, aprocLS. and niowH^.- tjJirJa—CAA 
onetliocb 

EiiRiikE<cn3 haw nhiO deviluped orlu-rbi for thkkiue^i n*qiiimJ for protection JMSoin.-rt fmsl 
action, in Soil^ of vuryiU}; dt^gEfC# of frcnit Miiwuplibility.^ 

Tliij Civil Aennuialii*^ Administration Lm dE'Vfcrlaped an empirical o^latioii btftwwn 
tht'sr soil cliufse^ ansi tyekness of purfact courf^LS hvu^ c^suratv ainl FublMLne cuunit.- rv- 
quin^d for diffi^n^iit whet^l lomfn and diflHirciit conditions of drainii^* atid frost ant ion 
(Table 28). Design eurves for ft^'jcible p«kVeiueiite are plotted in FtR. 67, tiaHod on moo* 
detailed curves in the CAA publleatson ^'Airport Paving." Thi^ nimibt*rv refer ta 
tbisie given for soil cla^se^ in Tflbtp 28. Good draiimge implieH that .i^tirfaiee water will 
Removed rapidly ami that thi* Hjoiind-watcr tevol I3 Ion' and then.* will bo no aeeLimqla- 
tion of water in the soil by eitfu^r percolation or capillarity. Poor dnilua4£e Lodientea 
condittoiis where the pubgrade truiv becemM* urmtahli* l>t'eaiiae of Katuration. .hk^vere 

^AaAvld ^rvmwvt J3™En—Frcat Obhdiikmi. "VKiijejwnTiia MAaaaL fv SIitlt«rr CSupH-ruellMi^” 
pkrt Xtt, Chap. 4, OEiie of CtOtf of JCnrmeeia, DruanaiHtl of Awav- 
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ftt»t cWiificatton ftppliid when the depth f«»t p«n<!l«tioii fw n partiniJiw Kite i* 
K^etL-r (h«n the antieipnled total thieklHJjw li» ilfiteniUlMKj for no fiwt anil appropriate 
diatiiage comlition. For wnter portions of ninways the total thirkm-iwee nuiy Nf t»’- 
about 15 pereent for la.GOO-lb load to 30 percent far 100.00(l-lh load. .SpreaiioiK 
thu load over dual or twin tandi-m wta'el jwm'tnblii-s n'ill nsduce the ihiekueia inquired 
by varying atnotints dependtiiit upi>n wla-el spacing and typt' of subgrade.' tor sttmnf 
fuhgmdi-s requiring thin pawmenta. ihu thicliiu«e roqiurMl Ls only slightly umre than 
for one wheel of the asiaenibly. For poor subgindeii aitil think pavenvnnls, the tbiekni'SK 
appmaehos that retjuired for a ringUi load of s»nw magnliuile oh total a-sa-mlily loa«J, 
fsingle and dual wheel loads for iliffetieiit olasBW <rf rieU airports are given in Table 28. 

Rigid paremeat De^gn. The thickness of portland cement concrete pavcnnuita is 
ileiiT.-ed from Wwiergaard fcroiulas' or from empirical modificaiioto of the»‘ formulas 
The suhgrade support is eiptessed by tlu! noMfulus of subgnule reset ion fc which is a pro- 
portiunality factor lK‘twia>n pressure' on mil und*)r [mvement in pw and deflection of slab 
uwh r loud in inches, ttttii is i«pre*s«l in pounds pi'r cubic inch. It Ls dLlermined from 
plata-ts^aring teats on tbi' Kubgratk. and is usually eonipuierl at O.llS^n, *pr O.lOdn. dr*- 
flection- The Corps of Engiiit-ere has ijcwcloped dtslRn curves f™ concreto aprons, taxi- 
ways, and ninway <Hi<l* for diflerent cotierele iftrengths, * valui'a. tin? pressures, and 
wbn’i-ilWMl Rrnwi4ii:mcnt.‘5-* 

Thv. FortJjind £emiyni Ais=ociAtiQti hug also prtfiajrt-il dcaijsn c-unt*? i Fij<. ISSI based 
upnn a modification of W^krgiiard ihrary ami uw of mfluonc^^ rhitrts by cmraiu of 
whirh mav bo found for a wuk- raifcge of Eim ptt;£«Lirc«, mnnwi pnyu, and whw?! 

arnwiKomLnli* * ftie ow™-# arv for initrior thickuL-w^-* wh£^^^ ibe [owi ia sumo di-taner 
from ii fret All inU-Hor joints in have nwil Wlitrr 

frw t'dRi-^ occur in traffic art a-* ifuck ju* at apprMU!]i.LH- to buiUJing^ or jit njuany int^-r- 
settiaQA and wtparwnon ioints. iht^ out^H- plttb slinukJ tic ihiekt-rurd grafluiJly loan addi- 
tinnal tkpEh of 2U pt in-Jit at ihn frw I'dgt, Thi^ allowabb is oKuOimhI by dividitig^ 

l.be ultiniaie ™ in bendiaR by a factor df aafi^ly Thi? PCA reEommpndri 
ullimfttj* slrc^n#h al 3 inntuL-, whirh w rtiiijfilily I JO putwtit of 2S-diiy atrtngth. Tho 
chr>iro of factor of ^aftty [ki-jx^ndf upon freciuoriicy of load Jipplkiktioni p. 2-10S>. For 

Uiilimilod rop^^tiliona the faelw 2.0. lioad apphc-HiloiL-i atv marv eoni^nt rated on 
traways, aprons, and nmway endi» (liwt 1,000 ft * thim uii ibe center portion of run way Sp 
where tliy are tUpjwrPcd and partly airdioETH^- Ttiu therefore reconmHnds the 

followLni; rtvnpp of fuclort of saf+ity: for apron?, Mtstiways, hardstanib, runway enili*p and 
haiiRur I " to 2.Q: for center perlien of ruciwaya, t .26 to ] .60. The chart? in Fig, 

OS are eompuced for a dh^^IuIu-^ of ela^liciiy = 4,000,000 \m etiiJ a P<^kdoii'a ratio 

- 0.15, tyTk“l^ paving eoftcrete. XoniiaJ vurutloua from these values ba^^i little 
efffeH:t on (hiEkru:«i. 

£>c]aipJr: Fiud tiinway thirkiieto for a HexuraJ strength of 700 A- - 100 lb iti.^ 
^iini£lf wheel load 1)0,000 ]b, ahd tin? preisasure 100 psi, Vmng a factor of safety of 2.0, 
enter Fijs- trhurl a> at left with TOO -h 2 ■ 3o0 pni, horiEontaily to vnrvf 

k m !00, then vertically Hr wba?1 load — 00,000 lb wHlh tire pn-ssure of 100 jjw, then 
horiim-ntally to rigbt c<l«e cf graph and read thicknnKif of 13-fJ in, A sdmilar i^alution for 
150.000 lb cm dual wiuadfi and 100 ppi tire prpi?:ure UidliK chart h Ki vi** a iMckniw of t LS 
in. The ntlwT eViaftfl may be u.=m?iI in n similar manner. 


ceUFVHw are rt^tuired undi'r conerele paverntmE? plnct^i on fine-grained uoilE to 
pro-ent pumpdig action of (mil thn^ugh joints ami rmek?, to improve drainage^ and to 

)CtA "tu-feclj r^T^biWU*" jpitia ffM>thnd lur tlcterliiiaLn* mniiSvidlc*it jbkilr Lnack. 

t WMTauAAkD. U, M., Nrvr FormulM fUF In CtuntrrfU |■AT£1IItTU■ p| -tirfeUli. TrUAm. 

'nJ lli till ItS-iri^. Al** l*e« foutnulli-all, J.I.. ICffr 

I’Airli-ldr PttVcJlwn't MtHii T^vvnwiitm, ''lki«iimrilui tar MilitMfj- CautnirtiiktiJ' 

XII Oiuj. S OEBnn of ChMf of Enjoitrcre, of .trmy- 

■ u{ Aireorl I^Tvinmi. Thit Pu^lurcl Crfimi Ajiwj^iiitiiiti, iLnd PieEnr, D. H., ■.Bd 

Q. PfcvrT™iil*, r™. Assets, lift, IMI, 


A[RF[ELI> PESTON A^D rOXSTRlJCTTlOX" 
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- jy/t ^Sitrrti 

- til Jgtf 1^- 


F(n. t'Wr Ucrtijcn i'uim fur ruJiwnyss, Itixiwayia,. anil aprwim—PwrtJwid 

Ap«4djiticiii nuflhod. 


prt v?.-nl frtwi Ik'uvu. Thy ba*: iMokneiw in ui^itlly ijpon lliy abovy fL-tniiir^mcntst 
mthyf lluku an wtuH-] loftubi aloiie. 

Tht^ CAA hna di-vt-lo^jt^ di-#lgn curves for rigid pawmcntN and ri^m^lutcd with 
I by CAA fHiil vIuw^iflL^atiDU in Tidbit- 2ll Thy curvus plorh'd in Fig. ^50 Jtrv for 
apnjiia, etc. They &ry baie^J upem mort" dftalk'd vbmtij j^wn in CAA pkiblivaliim “Air¬ 
port PavitiB.“ For ft^nter portion^-; caf mnways, SO jx-rci^nt of lhk;-^^ ihickiivKsyT^aJi- tvt\- 
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omliwtidL-^. Ijea!HTf LbiekiVL-4weR are requuwi tor duid wheels or dufi] tandtMU wtuA-l 
tuwmblici, depending upon wheel Bpoelng, tire imprint, bud phymenl cbaracterwliw of 
eoncrete- The CAA that for ftvemg? comlitioiw bn i>qm valent single whin' I 

load roay be found by dividing total dual gear lo*ct by 1.33 and tlie totid duaJ tandi^m 
load by 3.0. 

Types of joints and Teinfortiag used in airport conerete aim similar to xho^ u-^i in 
highway pavements (Figs, 31 53)+ except that ^ider slal*? bumI liirgt^r dow^eli are used 

for ihiei pavement. longitudinal j oints art of the dunmiy groot^ or tengUE-wi l-^fiov'e 


E 


> 




Sin^ 1 « wheal lood in 1 QOO pounds 


FlO. Dedan clLHi'M for riEid pavcmentB—Laxiiii'ajb'a, aprocii. and runway fnda—CAA 
makhod. 


lypeSp fipaced 12.5 ft for elab* less than 10 in. thicSc, and up to 25 ft apart for tlueker 
slaba. IjMigitmiinai expansion joint# are advlsabh at runway and tssiway kLEerseetions 
and ocKt to almetureSi TnmMrewo eontraetion or wtu-ping joints are spaced 15 to 25 ft 
apart b imfeinforced pavument anrJ 50 to 7B ft apart when flktributed reinforeuig w 
used. Tmtuveree eapauHion joint# are nut genu rally uad. except at interetietioEks. The 
CAA Tocnmnventla a maximum epoeing of 1*500 ft. Dowels are u?ed arrows expansion 
and aLw aeropg contraetion joints in mmo designs. Tie bans or bonded reinfomng are 
nuri-iHl atrose or wnrping joints. Construction joints laitwx'en nms of paving 

are tonKue-Qiiii^gnoove or butt types with dow'cls. DiamE>^tera of dowels vary fttkhi in. 
fnr fi- to 7-in, slab# lu 1 iu. for Id- to 20-30. slal:!?. Lengths range fram 15 to 24 in. and 
npacin^ from 12 to 15 In* 

Airport Pa^g.^ Ffumdationi and fubgmdes for runways and taxi ways and aprons 
be thoroughly corn|iaeted anti stalsilizsd, panieularly thoso dssigued for the 
hsiavier furplnnes. Thi.' Corps of Eugiikuers has adopted the modliiixl Proctor oompaetion 
test for tniniary airpottif * whieb requires a higb'r wtoBdard of compacnon than con- 


^ Se« SuuictKni @p«et&^l}nvw for Con^iqctian ttf Airporta. CAA, Gaverniz^nni PrinbIciK Oflka. 
r AhAcU l^viDiixnii Diaiicfi-^'llsikble PavusiEDlSj ''EbKinHTina Mem-iifel for .\1 lliLajy Onwtnirti&a.' 
Pan xlt. ClaJtElv J. ()fBM of C^IeE d En ii Mfe ra, DDfMrtnHnl of A^iX- 
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wdDfwl titxiiMPikry for mmt htghu^Jiy coruitriittioii ip. High bcuinfc sipacity b 

oMjujifd by ihorcitighly rampaftinj^ Iuijm: md syhhiWFe troun^ of slAbiliiH gravel or 
rnHhe<l niani* in pn*ft?n'iwt’ to buildiiiR excwntively thtfk hitiiminoiin nyafiire eounw. 

Tvrf surftuwis# * are uft??d for liin^HnirK uTid tAkt>Hr^ffp at somll jairpurLa, anci on iht^ uiipaivi>ij 
ancaifi of laniling Ptnpe al larger airptim. A tough thickly mattecl gratis rH|uinHl in 
the»e uirii^, Ebe type of gTOi^ depending upon the soil ehcLrmeti^rbttin!= and the eUtnato nt 
the sitt?. If t«st^ ^liow tile suii to be drfident in nutrient eli^jni^nta, these Enay bo jrup- 
plied by appropriate fertilmira. When a fertile topwHl tmjyt be Removed during grading 
njK'mtiorw, it should fMT Htock-pited uuid later spread Eiri the an%f to be turfed. A vege¬ 
table cover ii* rlmnibte un i^mbaukojent und rut .dopes and other iruorior areas of 
I he airport lo prevent iJuf^ting mid etodoli- Turfed surfaces shouJd he kepi mowed to a 
height of 3 lo 5 in, and fertiisjw^r applied as needed, 

BHuminatit poermrnf# for airports are aimibr to those used for highwayn isee p. 2-QS), 
The amalier airports oiay Iw surfaced with Iriumiuous Rurfaec tri*atments or mad-mi^ 
surfaixa. For the latifL-r clatsstsi^ pEant-niix bituminous concrete h genemily u^-d and 
placed on a ertished^torie or bituminous macacLim base. For ilie heaviest aircraft and 
for btgh-preaat|rv lires^ itieater densities and stabilities artu rt?r[iiired than for highwayar 
For i>^xample, ciahilitlcH i>f 500 to 1,000 lb by hlarshall tent (see pr 2—102} aiy u-mnlly 
ad^irquatc for highway iraihe and lijeht aircrafts For Laripr Jet aircraft with bJgh-pressun- 
Eirt'H ^itabilitii^ of to 2^000 an? n.'^uift'd whi^re Iraffie w concentrated, aueh on 
tajciways, aprons^ and runway cm lx. On aprorm anil other areas subject to Jct-fui-l 
spillage, tar or tar-rubbor concretes are ^ometinics uwd or the surface is treated with a 
solvant-resistiiig coating. 

CoftmUf pfivetfiruU on^ const rucUd in same nunner as od lughways p. 2-1]]:)^ 
They are- eommouiy used for aprons since they art unaffeeted: by spilioge of fuel, oil 
drippings, or shearing si masses caustMJ by turning aitemft. They bjv also more resistant 
to jiit blast thim an>^ liituUiiiiOUS tV'peS. 

fJprrki^. Bituminous or concp^te pavements inAy be resurfaced with bituminous 
ronrreUs overtays. The purp«Jse to restore a pmooih riding surface and to strengthen 
the paveineut. The tliickiiess Is st^ldoni less than 3 in. and will vary^ with the unevenness 
of the old surface and the addctl strength required. Design enteria havo been developed 
by tile Cotpa of tinginee^r^ aJid CAA. 

AIRPORT TERMINALS 

Tremidaf /oct/ifics at small mirportjj upyaHy rofviiirt of au adminit^trativo building with 
pilots* lounge and offire^ sjiare for opemtora bimi ng ptanf^ at i he fti^pl^rt. Storagi^ hangars 
are required for small plant's and Tnaipienanre haogam and shops for seriidng these 
phmes. At airports rening relu^luled and tinnp^hcdukxl aJrUnes^ a ivimioal building 
capable of hajidling imsHeiiipia Jind rnrgti in reiiulriNl, together with Ikausaints and shops 
fnr rerviedng aircraft of the iyjn' uiung and espect*?d to u.-^ the airport. Tlk* idre and lay- 
nut of facititfes should be hEtsed on a ihnrougb ntudy of the potential Eraffic of all kinds: 
t^hedulcd, nonscbcduledK rharter, training, and pereonal-^ Ample provbuou should be 
made in the dL-sign for future eicpansiup. Sfime airports will be wholly eomlIlere^af^ some 
will servo all classes of traffiCr and ethers will wrvu private plaotv only. 

The fcTFUlwof huifJjoir * should fni hud mi to provide a smmitb flow of passenger# and 
cargo from land vehicle*® to airrra/i. TIlLh Es r?fEen uccompLbhcd by a sepHratiou of 
pftsseiigt'fs and cargUp and a furl her wipar.it inn of itigoing and ciuigning traffic. A typical 
airline temiiiml building for a niodeialely large cily may be described oa fullows: bag- 
gftge, mail, expix-ss, luid air freight am? baiidli'd on the ground floor at aprtin kvel, Trueka 

Tltrfiim:” lod "Aenwit l.aiiitr*fw Plantinn" C*.4A, Covrniipflpl PnnUIiil 
1 Ain;^ ^^inieia. C.4A, Gavimi^itrfiil TrietiFia 
* AtUSirt TtoOnilMl PiiiilEiiiij^, CAA, GaVcrASieUE PrihlEn* liffictL 
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tnuJcc drfivcm';^ Rt ptaifamifi itl i!h? from which oirgci ii procftssed and transfemrd 
10 tractor-dnftwn for d&lI^'iL'ry IG ihi^ uproo foiT In^adlDg into nirptanLia. Airlini- 
opemtiDn^ Hmi buiSdiniE slte' luenU'il im thit« ft^nir. cntf'r lobby 

oil EjTHt Hoor whi'cn the wmitinic ruofii^ ticket counlcn^. BCaEcd, chiitit to 

room below, telephoiwsiH puhltp cotivctiiciie^H!*, eoO'CtiwioiiB iatotvif, miw'ifeit-iiiid, tm^ck bar 
or ct»ffcc ±=hop^ CtC^Jp post oflici- muj I'otranct^ to C^HHL'n'jitioa dock aiv loc^tixL PoKsi^iii^t^r 
corndons, toJiiiTUp or Ntairways lo al pkiie-luadJihft popition3=. On the FH*™iid 

n^tnimnt, olhur conn^^puruH, j^'oeroJ officois, airlini- rest^rvaiiofiff, pilot roomp 
and airport manaKcmcEi'l: nPice!*- Cln third fitwr are foutuJ irtirh arti^dti^ a? CaA^ traffir 
rontrol, ikad wcftlher bumiu* The airport iniffic-controt tower in^oally top?;, the building. 
Dt-pipn? for airporl-if in large cititw «xi™qei lln* li^noioal as a renter fif rommerrinJ and 
rn-ro'Rtioiud activity pnKiucsng A^v*mue from conn^iOEis catcrinE to air and 

victors, an wpdl Troni rratalFi !iijtain4'd ftorn airiiiu'a^ and other nviation activities. 
E^parc nmnin^nirnts for vBiioi.Es funL-tions an' iiaf^d on ontoring and leaving p&£i>eD|n^^rR 
in pciak hciur of diisign yi'ar. TIh^* Kjit' ot building diwrrihH above If known af a fftt- 
froii£Af d£wil^ in whipb the ai-t^iiinTiodatiomi for all airUiii!^ an* contained in o»c ceiitnil 
building. Another type of opi^ration h\ thi' uFi]'f-typ4' tcrminBl in which each airline 
its own iTidepenElcnr siation. Thi! miits ar+> ii^^Ljally contiguiFus^ but mny be in sa'parate 
huildlngr^. The unit typi' pfTPvidi'i< a ciaiivEitiiontt* for patropa nf the airline it ^crvcH, but 
intrpifueec- dclavji in Erunaremii.g fionii one airliiie to another. 

[^iiinQ^lrroti SIR' tki pends upon the and sue of aireraft to be acoonuiiodated 

as dciertainirtl from a foiw^ajit of |K^-hour uLrermfi mo^Tintmt-^. Thit aircraft lna«Hng 
positions are dttMgnnted by cireh's of 100, ISO, or 175 ft diamt'terp depetkiing on wing 
span, iimgth, and tumjiig radius of aircraft. The kmjsih and width of apron depctitl 
upon the sue and numbi^r of potfitioos. See p. 2-1 in order to keep walking disianres 
to a mmimutn aprons an? soiiH'timLts laid out in leniEiiLrcyltu- form or iinaL'-shapiid with 
terminal m partially sftrlowd an-a. In tuher difii|^4, coverotj (laHHagewayM or JiFn^rfa an? 
built nut ffom ibi.' front or sides of ihe ferimita! huilding, and i^ate positiotuf nrratigurl 
arouiid thciFki fingi^ra. At some of the larger nirpnrtif, undcr^pound systems arc iiiFtallcd 
for fuel, compfeiwed aicp ehetdr pcFwer, telephnuHfi^ etc, Theje itt^rvjees are available 
from pit^ near tlie Intuiing podtiocL^. 

f/unfliir BiKe depi^nrJs on the dimensions and tiqinbers of (urmiit tsi lie seirviced. The 
gross weight, wing f^pan, Irngtb, and ludghi uf Mik'rtexi aircraft are an rol]ow.‘i‘ 
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Arch-type strunun»s or cantilevered roof constnjrtioii are empEoyed to obtain neces- 
Hvr^r (loor winilhs am I clcur working ?:pace.^ iHoor layouL^ kt *} arnmgHd to accoTinmodaLr 

i KtLt, J. Mm T>"j|fti ChilWT *1 Nr% York 1 nErfimsom*! AinKRi, Eng^, vtA. 'MS. Soi. I* 

NoVMIib#f. 19*5. Ala-j Kriljr Air Bvr MpLiiiniuitici^ ICatigir; PUimiii^ llfliiin 

vi4 Colvtfili'inm ^vm.Urf**. ASf E, Sim. #^5;?, 3*3, htwl a'H. tlrt^iiihrT, IfiJ*. 
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ft mAv irrinfTi ^sibiRAUari ol ty|j(*s of fljfdmft tti be servirtd. Offices^ Fhopgi, and supply 
rYionifl iff provided at cni^^« trf iircWjt or in thv to^^-urw znipjKirtLng roof eflnfiL-vers, For 
Sftrgf’ in lempenitr haJi^aJ^ mn^ in i<iiclo«> onlv 

ihe pimpi‘IJji»fi^, rtiipiiea^ hhlI front jnsruon of iin.’ fuwLa^^ For ^mall prii^ato eiirplttiit^. 
ImJiviiluftl T-^hmpt i«r ad vomit'd-* fHb'r buitilSugp ojv rx.-<|jirL>4l Ic hotiA* 

maintenance ra^tiipcat^iit, ht-atiEi|£ nr power planl.-^, Enumfumu'nf, atirJ trtush mid fin'- 
fiKbtin^ cc|iiipnw tit. Witli the p^noiing importanw of nir fn^iisht, N-’panitr [rrmitml 
build3[i||i life beiniE built to hatiillr fn-if^t budm^^- 

AductUfito ti^ififnachrs are niH“viod to (hf lemnnsd btiiJdiiiit Hnd to tbu sw^vetB] 

iruck-lwJing platfonm: and id patrhm^ lots. A wpartititin of pu^^n^^ii- atyij miimu^rriu] 
ij> di^i4r^lc\ fth well a M^pamtiun of (KitroEL sp'Ctalor, mid i^mpkiyev traffic. 
AnipU‘ fiarfciiiK n^quiiefl for patron^, employtef, and ni^’ctatore. Thi- httirr 

Iraffiv ofEtin pru^rjniinatea on SuTnla^-ti and whi'Ei HpL'viu] eveEii=i occur al «iqM>rl - 
In j$enera]^ 350 to tffiO iq fl of parkinj^ bi driven' is nee^ied per mr. 

Heliperts.’ TIm' chamereriptiKi of hrliroptetw, ihelniiiJis those in The developTnent 
ntuge^ falE rniighly witbin thr foltowdnp liniiE.*-! pa^a^cn^^r tapacily ^ to 50^ number of 
eni^iie^ for rotors) 1 or 2, mior diamfeter 44 eci M fE, gttm wcii^ht 5,300 to 40,000 3b, 
inaximum wheel load 1 ,S7S to ] lb, tire prc^-on' 45 to 100 pni, eargn mpeiHiy 1^400 
ED ]2,{»0 !b, and epi=t*d @5 to 100 mph. rJi^cn !=perifimlintuf for heliport h arc tentative 
pending tiiatv experience with lieliropteri in t'cininyrrial N’fviei^. The Landing aiva must 
be large aiidii^b to handle Utfliiing and LiiiJoftding nf liflimpti'ts ns Well lU^a linuted nnniU^r 
oF p£ 3 t«itinii 5 for parking ttrid sc^rviDing. The surfiiee imtel be ekitti, w^ell <lniinei1„ and 
zitroTig piioiigh to suppfjrt ImpaeE lainling loads. Although it La pf.i-^blu for hrliroptenrt 
to land and tatr oft \vrtEmll>% fur eftitiuriuml op^^ratinn with toasiuinm pay hjad Ehcy 
niujd t4siie ci(T an a lilopinK t^'ut pn^ferabliy into I hr wi iuL CoJiA!ttueiitly approach- 
lune clearances munt ini i-fllablishiHl siudloj- to ibopi.' fur fijci^d-widg airerait but. with 
sleopcr siopos, Tbe Port of Xew York .Authofily hii? n*ci>mniended tb*' hidiparl i^peri- 
fimtinns given in Table 29. 

HelirnjiEer Aim may be on nsiiftijps, on ihn- ground, or on floats ovrr water .‘‘urfacca. 
fmmUon TOnjfideralions inchEiie AcivssibElity tmffic-gi^Ea:rating area^n eroniamy of 
eoiUTtruelioiVp tnastiinuni safety of operation, ami iniiuniuiii nobe nuisance to fldjajcont 
n-sicU^nce and nffitti jienkmnci. RoofEChp IwationH -LUfUalSy bavt: advantngiw of ttrrE*iiipi- 
bihiVp and tN-unacay wlu n (t>mlilniHl wdth oth-r coEntm'tTial uaifs of the huiLliiig. Cteor 
uppraachi'.^ an^ qaually uvaihiblc. Disadvnnlagorf arv the liiuitcd space on roof, ah^our 
af ativ ovtTnin- area for emenp^nvy laruljiiigs after takt.'^ifF, lower visibility than on the 
ground, pofwibli^ rust of slrengtheniiig tlu^ «<trui'lun% anti thi^ umI of tran,tpiirt3Tip: pan- 
henge^fi cargo, HUpplim, niul fiisl vErrikally. Ttround siEes ate usually more ectmoinpml 
to coEisEruett and provide more Eloxibility in planning fatilitit'S. ElevatorSp ctr„ an' 
UEineeeswuTi'. The prtiblem w ui^uilly ro find adequati« grinund space close to content of 
urban areaSr T^'ln're cities are locateiJ nt^ar iHxlies of waUT, n water-front lomE-ion can 
ofum bt^ fouinl which W mJ^^tages of umwibility ^ well eh cimr approacht'^ over 
wjttvr aurffiOE'H and ihe other arlvantag^-s of a grounti site. 

Lighting.* A fri.'i-ts'lll of field lighting k cvqnin'd for nigbl operntioiu M nJl major 
nirporls. The aiqKjrt is marked l»y a rtiUilEng beacaii wilh of rlear and gn'i^n light 

^\iikn. H w tiiouiilerj on a tower or tap oF a buildjiig, Hod riomi timm mjppleisu nnHj 
by a flashing code beam, w hen^ two or mon* are chiw Eogother. Wiisil rlimction 

is iTHlivab'd by a wind eone illnimiiat<‘^ll from afiDVt.% by a wind toe with grvi^n lights, or 


'■‘^SiniJI AiTEKifW,'''CAA. CcfcVi?Tiu™’iii FrierHif OfBre. x- l i 4.1 -*,1 - 41 r, 

rTAtiirthr^rtaiJoo bv ndlnjcUtf—JUSd-UFflu TTic Pert tif Nt!* 1 >rfk Antlswitj-. -Aii'iiulen nnArtiunpil. 
WTj#| Onvrrn* HeUuOTE PwHriii: Ung^ ^^ItKM. MLh^lPrJIFl 4 R.. H. ^ I, 4 n s, 
RmiiLinR fijr Vfhnn ftr^iiMieui. frrjMpri W. twmuiu^^t I'jurUiMrrtnt. 

1 aJkfimJ* mivd uidtrf uf C \A iw^rtaiiuu k te airr-^rt liihruiR. AFmdmjiu* 1 -|i” 

uf Inu-mfttbjift] Civu AiimEliHk OripMuiauiuii. MofilpwiJ:. rMunla 
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Table 2tl. FlKumirr DE^ic.'i BEOnmEitBXTe—P out W New Vobk AiTnosiT’f* * 
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Helipurl-RJTCfl r^uirPirwaU: 

Sizfi of limditij; nnd 

iiretfc, H ^ 

Major heliport. 4,.., —- ^ . 
SceondAQ’ heliport , * 4 -^ * 
Nuinba- <Jf piirkmg posttioM, 

major heliport ^ ^.. 

Slit ft; 

^liijoT* heliport+ 
n. If lieiicopSeni are posi¬ 
tioned meehttiupally.. .. 
h. If belieopteis are tu^ied - 
Secondarj' heliport^ helicop- 
l:era taxied ^^ 

Approaeb-aoiic tlmraclerbdes! 
Apprckfudi-ione indlh at latwi- 
mg ansa, ft: 

Major beliporl^- 
Soeondnry heli|»tt 4.4...... 

Appmaeli-zone width outward 
from area 

Approach-jyne slope: 
d. With etoerifOMy laodtng 

ar eas.. ^. 4 -»- - 

&. When no emerReoey Uind' 
ing aneos are provided.... 
Curved approach noTve^uiiu^ 
mum nidiua of tunij ft,.,... 
ApproAch-^one tnuiKltion Hreaa. 
Helicopter H^eiuhls: 

Intercity anu Huburhan he.hcop- 
ter nuudmiiDi wei^t, lb.,.» 
Aerneab lieiiroptwr, Tb. 
PaaMUkRers per aircfaft—inter- 
citv and suburban niDixiiTUiiii. 
PftflwngerB jier nirctaft-—aero- 

cab__ -, . ,^44, 

Cargo capacily—inlercity, lb. . 
Loading on Iruidings: 

Impact loiiding, Ib^ per main 
gear: 

Major hKliporl,. 4 4 - - ^. 
Secondary heliport......... 

Maximum tire preassurra^ jipi 4. . 
Area, an in-, on which impact 
lodii to be applied: 

Major heliport.. p.... 4,.... 

Secondary' Iwliporti ^ 
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UMa 

Cldnoate 

too X 100 * 
100 X lf)0» 

^ X400 
150 X 300 

200 X 400 
ISO X 400 

200 X 400 
150 X 400 

4 

4 

4 

S 

BOX 

S5 X 135 
100 X 160 

35 X 135 

too X 

85 X 135 

100 X ino 

t50 X IK) 

m X 110 

00 X no 

85 X 135 

200 

200 

300 

250 

300 

250 

300 

250 


Width increases at 15^ iimgle aymmelHcally on bt>lh 
edge?! to width 1,000 fi and continues at IpOOO ft 


i;s 

L:3 

1 1:6 

1 4 

1:20 

L:ft 

1:6 

U4 

1550 

b50 

050 

G50 

j *2 

1:2 

1:2 

1:2 

15,000 

45.000 

50.000 

50,000 

15,000 

20,000 

25.000 

25.000 

15 

50 

GO 

GO 

15 

22 

27 

30 

3,000 

10,000 

12,000 

12.000 

10.500 

31.500 

35,000 

35,000 

10,500 

14.000 

17,500 

17.500 

70 

100 

100 

100 

144 

405 

450 

450 

144 

150 

225 

225 


I Froflk JfBj. IM, ?b>- 12, PP- 22-35. J3, lOM. 

1 Iq aAli ikkH. h^Sc nhffldd he pn>vk!«d for Oil* dkabtai ihcrtlt, DF wamm be irmtiihsci fc^ rr- 

nwiitjc ii fnaii ^ UnH fc ti s _ 11. , 

* If bk^lipofl clrvathm ia lucb tlwt hj«* oi ■titiiciiI cOehlun dcl'miv takc-cidt inipt«4MlU-ly ft/bCf liAVfaif 
IwihiMrt. mart he iti^fiwpcd lanciciitlr tvsMUfv thal 0{mi4uaA taa heaHfrlff ifandurl^ b coDpliAnn 
wiia the Iknafac-^hwitr dkcnM^ tor ihe bdiraiaeFi iuLnc the hElipnrO 
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by * li!lr*hj«Jpcjn putliuwl by gnu a and red lights. Tbu Ue U set by llip wiivd, ar, Mi 
ti'iim nf tuw wind#, it may be set from thr cautml tower to bo iHiii^iHtenl with thn tutiway 
in uw, At stntiill all-purpowr ttirport# bcjundary Itgbi:* of white fuJor innuiiti<«J 2.S to 
S.O ft iiJjiJVi' the gmurui on.' ui»d to out line the kiidinK »nfa. They we plwwi st jiiiKle> 
point# in iho imundiry and al«ut 300 ft apart in bt'twissn. At major airports the ntn- 
a-ayt 4 are delineated bv runway light# plaerd 200 ft apart and itMiaiJy placed aberut J5 ft 
uutKlde the edge of pavement on eaeh nide. On wide runway* they may be placed just 
inddH edge of pavi'iiieiii, Thu*!® light# arr> nf high intensity, usually iaijiutBi>lc in 
siagiM. which can be contpolled from the tower. The mountingsi an* low and euffieientiy 
ffesible to vield under impact of airendt. but also easy to replace. Part of the iltumino- 
tion ie cast Upward and sidewke, hut the major iM'sm U directed toward a pitot making a 
landing. The color ia white in the ci'nimt port ion of tiie runway length, and half white 
and half yellow at each end. The eolom ore di#pla>iitd « that, an approaching pitot sees 
white lights for all hut the laai 1,500 ft tif runway where the jieliow tights givi! him warn¬ 
ing that he is ocariiig the end of the runway. The runway ends are marked by a row of 
giTitn lhrb«hi>ld lights placisJ iu.sl beyond tlw; end of pan'ment. Blue tosiway lights are 
plaixd at about 20Ct-ft intervaifi ietwier m curves) along boi h sides of taTciwa,™. Grwu 
and rod tmeSc-controi light#, operated from the tower, are soiUEUinies used at runway 
ajiii taidwav mtersectiuiL'f. On instnimetit-approsieh runwajis, approach lights arp lo- 
Btallnd for k distance of about 3.000 ft in pstemaon of the nioMay center line. Otw 
siTtein conHiati* of horiaontal bars of white lights placed tOO ft apart supplemented by a 
lOO-ft-Iong boiicon-orieiitation ermw bar of white lights placed al i.OfKl ft from the 
runway, by mi terminating Imrs 200 ft from runway, red w ing bars at 100 ft from run¬ 
way, and gm'n thixi^hold l»ar* nn each side at I he beginning of runway pavement. 
Another feature is a string of conden.^w-diaehHige lights ins tailed along the eenter of the 
approach lane which flash a hriiliant. instantaneous light in sequence toward the runway, 
giving the impression of a fUsiiing Mrealt of light pointing to the runway. A panel in the 
control tower shows the runway tayout in minialun! with small bulbs irtdinaiing cor- 
n'spunding lights on tb- fielii. Working areas on the apron and around the lerminal ami 
hanganr ant illiiminalwl by flood lights, lb'll obstruction liRhls are placed cm ohjects 
protruding into apprwh and turning sene.* and on other isolated objeeis which rep¬ 
resent a real ur apparent basard in the path of flight, 

.Worii'nj,* ntv roquin.-il to dulineale runway and taxi way center line# and turning linrs 
at interwwliops. The runway numiier is painted at each end together with symhfits 
denoting ruuimv Umgth, Tratisverw liars are sonielimes placed at 500-ft inU'n'alp near 
ends of runways and coded to imlicaie dLstancea from runway oods. Sigufi are erected 
at taxi way tum-ofls and other intersections tu guide pilots. 
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TEMSIOIf, COMPRESSION, AND SHEAR 
Sere&s. Fii^urr I ^haw-M & clfyup a load a? indicntieii A t a ^ectian such, as 

A A, ih^ pgrtiQii D of tbd clamp mtusl oxeit a or fornw on Tilth porfion C in Lirdcr to 
pimlnce ^uilibriunir By thr rtrw at lb^^! ftpfitiDii A A if nLL-AEt 
iKtf total forte exerted by the portion D opoo C or the equAl 
and opposite force exerted by C upon D. 

Dolt Strese. The totaJ acting on a cro^ acetiop of a 

ftnictTirAl elsmeot b pot ivAfly so signMtant to the fogineGr 
the inlmsily atn^ net iog ibere, lor t he lota] ftn?9& nill u.^ufiiEy 
not mum: lAilutv if ibe erciaB seelioii is made hrsR^ enuiiKlL By 
intensity of bireis» At a ^rcfus deetion is meant ibe sIrhih pur anil 
area; nJid when the oti|;itH?cr Scudws thr mlenHity of and the 

kind of truiti'riaEK he can initTHdiult'ly form a judgment aa lo 
whiitb-r thih part in fjiii>.>Atian iii ioirely or dangji^imudy fltfr^wd- 
]iiHtt>ad or “Intenflity of die term *'unit slr^" b ruin- 

nionly emplo^xd^ and it haa boen widely adetiTeii even Ehongh 
cAreful Analym (*hriw> t hal it b not pArticiilnjIy apprnpriuti*- 
lii Nimple eases of li.wJing in whleh I he itiicnsity of Ftrem, ^ir 
unit ftresf, b nniforniU' dbtributTxl oviir an are^a, llu- unit i^trtysp 
may be calculated by dividing the load by tbi^ in^a. In more 
complicated loadings undt r whlvh the unit stresa variw over tbth ai^ti, tb^ unit strew at 
any point is dohned a# the limit ol the load on the area divided by the ttren as the 
latter AppFOurhE«s aero. 

In the United Mtntes, loads, forces, and slraBSets ije URially ro£'a><un.‘d in pouniLi; in 
England^ Ln long turwt and on thiii Ctintlm^nl, in kilegnuns. Com?3p<imliii||Jj\ the unit 
st.n.'wes are measured Ln pounds p 4 .-r itqiuin.' inohr per ^uan^ inch, and k ilograms ptir 
pquare cefilimeter. 

Strain- When a body or a stmeturo is subjected to Iwb, it uniaally ttufferv clin&grA 
of jihajAi or iiiie, and such change in ^hapii or siie is called Tht' mewt cunitDnn 

iDio of the word Atrain. b in connection with the change that ocoum in a linenr dimendon- 
ThuE, whi'Ji A bar ffubjeetod to a pull stretchi?^ 0,01 in S Ln.^ tbt* toUd rtretch is called 
the slT&io or iit/tftmuiitffi. By uni'i ^frain ia meant tb‘ total ptniin dsviileiJ by the urifpnal 
dimenidorL Ln which thi- pdrmn ocairred. If the unit strain vaHcf at diffenmt poinla on a 
crow K'CEion, It is dehm^J ns the limil of the tot ill strain divided by the oiipnal liimcnnion 
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&£ Ihc Ijiltfir flppf< 5 flEhi» lero. The- PtfEun mav b1j» bt luk^ in «iniH!<'liofi wifli 
cif mtn And fif valnmr. 

Astsd SttESMSr T^ln'ti a iftnkigbt \mr u iSLjbj(H?UMl tn br^iw Et thi- ords so that iJii* 
resultant coincide wilh the axfe of tin? baf| «he sItvrjs b <^ai3ijd ari slrw-"' 

When the forceit ftt the end# of the bar, as fthown in Fij?. 2, are ™nh a» to tauEi: the bar 
to stretch, thi^ ptrejss b rsiiltd a ttnn^n. Whtjj the forces^ w fhnwn ia tlu. 3, Jtre jfueb 
EE to cause the bar to sborlen, the irtrewi b ealled a comprcsifMai, In both rases, tlu' total 



Fio,2. Aiialtectaion. FlO, 3 AeLeI FOcn- Flu. 4 . A^si streMM. 

priwHom- 


stress acting on any cross aectlonp syeb as A * mmi be equal to the load F in errder to 
(iroduce ^'quilibtiyni- In both eaaiw, also, the unit stre^ at the cn>w aectinn AB ii 
unifonnly dblributed as shown in Fip. 4. 

In the case of compfeBsive itress, ibure b a diPtinetion that b cominonly made be¬ 
tween compressive and bearinif stnaa. When the stress acte at a section such as 
In Fig, 3, in a'^hich the area peparati'® two tKirtionn nf the same bafp this term o<?mprw*iier 
nfreH in U 5 cd- When the atreso acts at an ar^-a of contact In-itTireen two different tKjdiei 
the term ieon'nfl stress b uaetl. 

In Fig- 4. nttce the unit stntas u umformly difltribi|tir>d over the cross-wetinnat area 

normal to the load, the tmit streaa may be raleu- 
latei<l by the arimpli*^ formiib 

F 

a - J W 

m which t denotes the unit stress on the aroa^ pei, 
P denotes the bad on the har^ Ib^ imd A denot-Hi 
the arm of the bm oii a pbuu? normai to tin* loadp 
sq in 

Effete of t Hole. Xurnemus espi5riiivi:ntB maiic 
in various ways, and also tnalht^matleal mvcFtign- 
liona, Law shown that, when a bar or plate b niib^ 
jeeted, sayj to an axial tenHilt; luaiip tho unit stress 
on the faction will nut be uniformly dis¬ 

tributee I whf^n a betr has a hob drilled thruui^h 
it os shikwn in Fig. 5- 

A iMJctioEi AW al a coiisidcrabk! thstance from 
the hob may havc^ the unit atrtais ilbtributed quite 
tiniTormly aeruss ibc wirlth of the plate; biil, as the 
■section b titken ncan,w t.ht^ bo]L% the dblrtbution 
becomHd mute and amru nonuniform. Figure tJ shows the kind of stress distribution 
that may be expected on the section of the plate tbrougb the center of the; hole. From 
the eiperimentj that made in FLngbnd, Coker developed an approximate expre#- 



w 


Fio. A Fio. <1 

Fto. £. Hale with * drilled hel*- 
FlO. ft. 5trEM dbtiibutuin mt the hfile 
In a drilled plat#. 
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man for the umt itrem At iim of the bole, a* fpllowi: 


« 




ct) 


In whieb i ckMiolei ibe umi Erfr^ at the eJ^e of the hole, pin^ K denoteii the TAtlo uf tbi^ 
width of the plAle to the duuiv.ftei' of the hole, aruJ ii denotes the nvena^je unit KirvsH on 
the eroes lectioo wl the bok% pd. Tbb fotmuln ha Approxiiruitel.v correct when * is 
within tlM* eUmtie limil Aiid A" ui gn^AU'j thsMi 2. Aeerrnliiijc to ths? formufi, w hen A" is 
3, t is 2.2S times t\w. nvertge unit strtrss- 

It hajs bet'll show'n hy nmru^rouf exporimeiiTtf that hiifh loir^mHi unit etiespcs such as 
are prtidueed at the ed^'S of a hole In a tendon plate mav" aiso be productHi by notehi'*t« 
or 5l|eta at the aiilea of the plate or, todcech by any ahni pt chJHijtp of erosA fleetiun. Sneh 
hh^h localised may bo pnwent owiu^t to teosih?p eompwwnve, iH^ndinpE, or torsion 

drestees. 

When such high loealited streaww occur in a duetiJe materml like Htcal wider a steady 
load, they are not eonaidered to be particularly daui^ roui^. When tb* nuwinium lo«a] 
unit Htie^ GKOL-^ciA tb 4 ^ point in u durtik nmu-rml, it posiible for the material to 
yield locally *^^l thus caujee a more ujufonn diatribulion ^if stre®. This property is in 
fael one of iiu? irnpoftanl ad%'a 4 itagea cf a duct lie material. Whi-n the mftterla] is brittle, 
un the other band, there is no pofsibility of niurh local yielding, and fttiltirc may n!!ault. 
It will be ahowTi later thatp for both ductile and brittle niateriak subjected to iepi.tt(t.sl 
□r revened stre^ea, the repetitionn of 
rtreas may develop a erack due to the 
fat igue Action. For these reaaonfi.^ ihrupl 
changes of eroAi section phoulnl be 
avoided as much an poa^^ibler 

Sheaf Stfesfi. One of the moat fa^ 
mlliw eHunpkw of shear stress is that produeed in a ^ivl^^l.‘d joint. In Fig. 7^ two plates 
Alt? held together by a rivet, and the effeoL of the forces P is to cut the rivet m two. 
In such PMea, the sbearing unit strwa is ai^^sunied to be unirormly distribuied, anti the 
formula for unit fftreaw is 





-^P 




Fio. 7. ^bear atr 0 » in a rivst. 


in which i.deiioUM the flhpHLHtiR unit -ititss, pei. P denote# the lo»d ptodycing niu-ar, lb. 
Biid .4 di'botcfl the ftreu putrsllel to the foTce F, in. 

The fttwve formula is siiniliiJ- lo the one given pfi>vLou?ly for oempiiliUK the twit Jrtrvfis 


ilujp to aitial tf^iudoa or emnprearion. 




h should be noted that under axial ntrtswi tU* area 
iuvolvisi in the formula h normtd to tbt? forue 
Pi while in tin-’ of ^hear the area Is pamllel 
lo t.he force P 

Sttesfi on OhliquA Planes. When a bar 
is subJecU'Ml to axial tension or ctimpreapion, it 
w rimulianeously subieclwl to BbeafiTig stresaes 
on all plaUi^ obluiue to the load. Tn Fig. 
thfi bar is subjected to tondotL The unit ^hear rtnsa on wiy oblique plane 

uuOdna HU *njfb t with the axis of the har «in Iw nhowii ' to fic hj. follqwa: 




Kid. ii, 

plane. 


^hipar atrwB on no obtiqurP 


*4 


P , 

Min 2f? 

2.4 


W 


1 ItHJtff UUf roHI. '‘Slrrjiilli cf MitariKl*," AUl p. 30. "ittraistb M mOtmOi/' Id wL, 
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in wlilfb rlM‘ uiMt hbmr sttrcs? op ibe duliqutj ^\hni\ pai, P JoDuios the 

knuii hppiiL-d, lb, .4 denotes the ajva of ibe [mx nortnfll to lbii loiid P, sq in ^ ftiid cU>ptik^H 
tbi- jingk' beiwoen the ohhque plAne itnd the axw of the bar. 

It tP evident from the forniqla that itw^ a a nm.\iniMhi when ^ 45'’ 

and that dp' nuisimuin vaiim is om^hnlf of the avial unit stn^s#. Brittle ma- 

tonal? iin*lor compref^iionH Id^e <^^t iron nr et>PE?rote, will UFuail v fail by ^bi-ar on an 
oblique plane hticauft? the ultitpat^? shear sinnagth is low. 

In Fig. 5, iVie tensile unit alrotW whith aeta jiornilil to tht nbliqun plflJu^ iif Kivoii by 
the fomiula 


in whtrh ibi symbik have tb- swui- tni^tiiiiTig in (4>. Thi^ tensik ^ or rnm- 
pn-«nvo normal ti> the nbliqui* plani'^, t= nsipdly not imprirtant, becaufie ll h 

nln av'if hwi^ in magnitude than fhi’ axinl teitnip or foni|iro?sive unit sires? when d U 

Naoiii.1 Stra&aes Due to Shear. Gonsider 
a ^lUail parullelrrapecJ^ sueh b ^hown in 
Fig. 0- Thi' top niul bottom faee^i are rnili- 
jiwtAKi to shi.’aring forces and the end faces 
Ui slii-arinH forces Qr shearing: forces 

P and Q may fa- prorlurtHii by tni^iion in a 
siiaft, and it will be shown later that, they 
may atso exlsl in iin mvlinafTi’ loaded benm. 
l^ioee the moment effect of thr<? couple mu.-’i 
lir balanced by that of the F couphs It can Va- showm that the unit stres* due to the 
fortu F niuFt i^qual the uidt Stress ip due to the force Q. 

On even' oblique plane mailing tin anglr ^ wirh <bu horiBonl4iJH them eitst normaJ unit 
stfitaaeSr whoik" value if ^ven * by iht* following fonnuUi; 

{€) 



Fin. U. NornkiJ ^irt'^idh iluo 10 atlMraF.* 



in which denote? thi^ unit sItcik nuttnai to the oblique planl^ psi^ Pp denotes the unit 
xhvnr stress due to tJui forccij P anri pfci, and $ denutc-s the angle that (he oblique plant- 
makes with the horizontal. 

ft i? evident from llw- fcinnula that will attain a ma^imiiui valqtf whim S e‘quHls Ifi'' 
and That thb^ mHzimnni unit nnroiid stress i? equa^ to the oripnal s^huariEig firv^a z,. tn 
Hg. 9 k wliun & b45* the normal unit atnws w'oqkl 
lie len-rile; wb‘n 6 is 135% the normal unit pimK? 

W'ould be eompn'ssiVC. riEUre 1 ft shEiw F how in tk- 
ime ease P and Q may rmupound to prodiiw a ten- 
E^inn and in other to proiJuci: a compr^iun. 

TIh- above discussion show«, ibi^p4on% that 
whim a specimen k rubjccte^J. fay, to toniiim 
bv coupltia appiw to the end?, ik'J-e ate brought 
i nto art ion slre^'f in tension, cotiiprvision, iiTid 

shi-ar which are ail ettual- When the tnrainn couple k increftf^’^l to prcHfim- faJLurp.K 
ihe kind of fraclun- tliat r^’culta detH-ntht on which of thi- thnn^ ultimate i^tp^ngthf of 
ik- piateriill U the least. This zLetioTl: U strikingly lllus^lratiHii by lwi^-ting a pteci' 
tif chalk. For thk brittle materuilp the terwile uttimnte strength is the Ipiu^t; wk«n 
the ebaJk fdilff owing tn tension^ it wili cruek nn a line normal to the ma-ximum ?tn^ 
ujlhI thf-refnro at 45“^ with tk- axif of the Fpiieimi'n. ff I kM^api-riiTu-nt i? jn^rforrm^dp 
with 4in end Eif tk' eludk k.4d in h'-neh hanif, failiin- will E^reijr as SLigg.k>Hlc.%b 

i lUi-vu Biid Fi.ii.1, qI MaErtiHk." "un ot, 


¥m. 10. 

fllirar. 


Nennal itue t* 















3-5 


JjEi'OHMATIOS AXD STRESS 
In M*. 9, th« »lHj*fing uiut itress orting ou the oblii^ue plmte u given hj" thi" fnrmulk 

i/-i,eti«29 

in which the nouiion U the ««ni- » in E<v. m This fhwiutt unit rtPW« */ » aJw.v* 
Ims than the aripnal shear rtiv» •„ exw-pt. cuiin». for valttue of * equaJ to »cr 0 or 
90*, 

Biaxial Strtsaes. Figure 11 ilKiws a |j«ralli‘J«piip«J subjueU'ti to two (uirc of iwsl, 
coplanar, and muiually peiTwndittuiar forcwi, Thtw forew nw>* be both teiwioii, both 
rompiiiarioti, or ofti- tijwion aoij one campreision. Thi-y product- ntprnial stresses w>J 
sbi-ar Bltesaws oo t)l>liqi4e plant* at an angle fl with the horiiontal. ti can be shown ' that 
the eq,uatioEi for the normal unit oLreiw w as followH: 

s, = ti sin* s + s* ctat^ 6 {®5 

in which s, deootw the unit sln-w mirmal to the flane. P«. *1 deneu-is the unit 

irtna* due to P, jMi, sj di-nolw tht- tmit stresw dui* to Q, iini, and $ denotia the angle 
that the oblique plane mah^-s with tbt- horixontBl, 



P^Sfde 


Fia. I U BsMJaJ itreisww. 





Flo. SKkr a r iiL rfiM (!aujwd 

strC?£lW4i. 


If n is cn-ater than tt, the nonrol unit sttesa is a miwiroum wben e is 90= and is .rqual 
to s,. If s, -IP greatt-r than the normal unit stre^ is a onaximutn when 6 la icro and is 
equal to 

TM eqinlion for tlic fibtf^rinE unit sti^ on inv wbhque pluiu? w w follows!: 

m 

2 


in wbk^h itw notation w tho ofl Tor Eq. <8)a 

In Eqs. (S) and (0), r, am! *, an.- called plus when they are tensile stress*^- Eithe 

cj nr (| is eallfd tninua if it is enropriwiee. When si wn! *j are uf opposite sign, Eij. (9) 
Kivw the iniwiinum shearinK unit stress wht-n 9 eq^s 45*. However, w-hen't ^ 
am of the sanw sigtv them is another pl-n.. u|»n which the maaimuin unit shear st mm 
win act and whieh is not given by Eq, (9). UJvr Instance .i 

maxiraicn unit shi^r stress will net on thi, plane indicah-d in hig. 12, when pi* to 
45^ and thi 5 ma^um unit mn-W will be equal to one-bdF at Thai ibiH ib inie m 
evident from tin- fact that (J k pamllcl to the plow shown ami tberetore p^lmms no 
shear on this plaui-, The only shi-arinK unit stress, thrmfore. ts that due to P, 


DEFORBtATIOH ASP STRESS 

SlMdcitr and Plastiidtj. When a tnaterieJ is irttvmed. it stivers strain? and when the 
stress is n.-inov.d, the mairrin! will f«t>ver it* original fnrm mom or h^ wmpfetely. 
)r thi- inatj'rial ft-tum» to it* oripnal diiwnsirmii after the stn.*i is remoml, « is natii tn 

' Bore .r,4 Feca, -StU-rnalh et MUsHd.," i* «L. t- Tiw.«.i«ae, -SlfcwO, «f MaK-fial,.' 
3ll nl., [, 
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MECHANICS OF MATERIALS 


bv elfifitie; if it retAimi a permanent set after Mmali ftre«-s?« ore applied and removedp it if 
Many materialf are eloitie up to a eertain unit E)tre«f anil inorv or leff pln^lle 
bc^yoDcl that Btresf. 

Thu limltinis ludl »tre«a up to whirh a materia] b if of the gruatear praeUetil 

impurLaan?, tor in deifjgamg ftnieluref or maeMnt^ it if usually required that there sliall 
be very liltle it any penuaDent deformation. 

Hooke'fl Law. In LtiTH, Roben Hooke discovered that the ratio of the lixul appLied 
to a inatej-uJ to Lbt^ eunespoudiiig deformation if eoiuftant undc^r low linil 
Him MtatetneEit uf the Law was: the exU-ufioo, so tlic^ (okvJ* This m known m 

"Hooke** laWx" 

Elastic Limit The unit ftrei« up to whirh a material may he ilrtsaaed withuut ffufTer* 
ing pi.^nEuiiien.t defortuatloEi wheji the removed if called the ^^elafflie limit 

The i>lBjti4sliuiJt determination, if not made very tommiinly, becAUie the stn^^ must 
t>EL applib'd and removed by Lnereaf mg increiuents, th^ test being thuf an e£p<.!:nfive and 
ti>diouf um^ ft »huutd also be noted in pairing lhat the eloftk limit of a nkaterial not 
no ekw-cut B3 like dc&ulion implies. ExpcTimentf v.ith tTiy Acufttive appamtus in^ 
dkate tliat Moel materialf show a very' flight deformation even at veiy' kiw 
In dirtenniniiig the elaftit limit, thereforen it is nece^^iy to agree in advances upon the 
aiikitnuy amLiucit of pi^rmanent Rct that shall be usetl ns a criterion of Eatrk of elantidty, 
Jn past yearn theH' has ljei!ii a great amount of dimif^ion in the tethnieal on the 
qiK^iion of practical na-ans for determining the limit of elasticity. 

PropoTtionaJ Limit, The proportioiml limit of a material if defi ned as thni unit atre% 
up to which the unit slress is proprirtlonAl to the comKiponding unit deforEnaLion. Tt fs 
much easier to mjiki-’ a test to determlEit^ the* propckrtional limit t han to delumnne the 
t'lastie limit, bt^iiuse in i he foTmer r.eHiL the si nwses do not have to be reniov4xl after each 
inriejnerit of stresi^ is nppSied. Then' is, however, a diffieuity even in the iltiteriuEntttton 
of ihi^ proportioruii limit. The more pensitive the apparatus which is used to dotermiiic 
defunualjotis anif sln^'H, ihe lowtir will b<? the unit street at w'hieh iliere u a deviation 
from the li qp at n^^larioti of iftreszi and strain. Here agutn it ia- desimble to adopt Fome 
staiidar^Jiied mcth^Mi Tot making tbi? determinatioA. 

For pmctiral purpoe^t?, it ef probably sulbcientty correct to regard thti t'lastic limit 
and the prnportIon 44 J limit of a nuiturial as liteing equal in value. 

Modulus of Elacticily. Withiii the elastic limit, the ratio of Lhiit unit slrx'Sf to the 
correspondinK unii defemuitiooi if confltantp and this ratio t* caJli^d the luodutuF nf 
elasticity. The value of the moduliL^ of elasticity hi tem^on or eomprcFsion (Vuung'o 
miHlulus) may be eumputed from any of the folloa'lng exprea>ioAa: 


■ * ^ „ il 

■ A11 c -4 i 


( 10 ) 


in which E denotes the modtlluJ of elasticity^ psi, # deuolcii ihi' unit stress, p*i, i denotes 
I he unit dtdoFinatiun, in. per in., r denotes the total tlefomiatjon in the gagi' length L, 
ill., L denotes the Koge length in whieh the defortiiatloua are mJ's^eu^t^d^ in.^ A denutes 
ihi^ anLii of rroets section, sq iu.. and P denotes the total aidaJ load on the sireelmep^ lh. 

Table 1 giviKi- Fciiiit^ av'erage valuer of modulus of olasticity for varicHin cnpiUM^ring 
rmiitermis. 

Hie modulU-H of elasticity often spoken of aa ii mesj^urt! of the ntUfaes? gf a material, 
stiffoet® being duffned as the aJiilily to rwcurt defoEmation, Since « equals §/E^ It in evk 
dpiit that for a giwn unit the material with the largest modulus pf elasticity will 
i^uflcf the smallc^l unit deJorumtinn autl will thcTefoTe be ibe stiffest. 

Lateral Strain. Expt'rinuinta abow that, wlmn a material is subjected to axial slteu^ 
uilhin tlH> ehurtic I Emit, it defonms not only longiluElinally but alao laterally. Under 
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Table L VALirt;^ nw Modl-<luh oe KiAESTjerrr 


Material 

Modulus of clafftieity, ^ 

Tension or 
rornprtsdflinn 

E 

Shear E, 

AluininuiTi,. ^ >,,.. --- 

Rnias 

10,000,000 

15,500,000 

15,000,000 

16,000,000 

15 p000,000 

17,000,000 

15p0OO4OOO 

1 22,000^000 

27,000.000 

1 ®>.000.OCX) 
12,000,000 
1.500.000 
S.DOt),DOO 

3,700.000 

0,200^000 

5,000000 

6,000,000 

5p000.000 

6,400,000 

6.000.000 

6.800.000 

lOpSOOpOOO 

12,000.000 

Bmnae - r*■ * 

Manpanmi, , p , c 

Copper, eaat.... . . . . . ^ ^ ^ 

I^on^ wrt ^. 
malleable. 

Wnblljf-iil. . 

S^l_ _ ^ ^ ^ H . , ... P ... 

Zine.*. 1.. 1 .«». - j , - 

Wood-.,^, .... - - 

Conervto- 4 +«^ ■.. - .. - 


U^n^tPii tbi bttraJ dSmcnfflon* diminish, iinil andHif cuidpivPSTan they inrreew«e- TIk’ 
rati(> af thi? unit lat^^ral defannfttifla to t ho unit longitudifial deformation iji csiM 
iifwV The equadoii for PoiiuKm^# mtio h as fiaHows; 

( 11 ) 

t 

in which \ doDoti-# Powpan'p t^tio, t* denote unit lutoml deforumtiou, in p*rr in., and # 
denoted unit lougitudinjd d^rnrmnlion, iti. per in- 

Tahlo 2^ ^v&s some uvcnigp vnltifiia of PossHjnV ratio for vafioufl engiineoring 111*1011*13- 

TabU 5 2+ AvEH-iiCE VALxrti^ OIF FiJissoN^s Ratio 


Mareruil 

Pey^on^a 

t^tio 

Slwl.,.*.*'--- 

0.25 

Wrought iron .... x ... 
Caat iron... ^ i.. + 4 4. 

0,25 

,..x 0,25 

Bta^a.. ..p. 

0.33 

Copper^ » + *,*4, .. 

o.as 

Ccincrete4 K + *. + + »*xx. 

... 0.0345.16 

Glasa.. 

0,^^ 


Eiltfftic D^fonnmtioiij^ h Tn F1(f. 13 

i»hown a unit (miIh* pubjipeti^ to axial iftrewra in the 
dirL-ctloTL Fmm what b*p hevti eaid previously rcigarditiit 
Poison's ititio^ it is irvirtcnt shat tlw unit defommdoiir 
in the and i dircrliotor would Iw afl folkiwis: 





tl2) 

fI3) 

(H) 
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The oritpnftl volunw nf IIk cube wm unity, untl the new volunb- mny be cDcnpitEtKl by 
noiing that the new dimerunoiw are aa followw: 


Xew Iffiffib 


New width 


New tbiekueas 


I +J-1 + h 

i|X 


1-^ 

E 


1 - ^ 


(1^) 


m 


(17) 


Iel tbtw eqtiatloEk^, ah iucrea^iv i>r diiueiuioti ii t^veu iIil^ plus And a decn.^ the 
mitkUA The unw width timi^ the m.w thkkiiL^ g^vt-a au urea l^uaI to 1 — 2^ 

wheu the terme luvolvmg ore twgjeclcd, as they may be. Thi4 area tLme^ the eumt 
length gives a vuluiue equal to 1 — + c^. Thla voltimu will be larger than the orig¬ 

inal volume for most engineering materials, because X If lees than i>ne-haJf. Ths new 
volume minus the original volume gi^iea the e?hanfe m volume per cubic inch, whirh 1$ 

Change in volume pet Eiibk inch * **(1 — 2x) £ISi 

This chaegK' In volume wilt be an Increase^ fnr lixial teiision Mid a deernaae for mu\ com- 
pmafiinb. 

2. Bi^ai Slrest. Ln Fig. 14 is shown a unit cube auhjeftuci tn biaxial stress<;!g along 
the ^and yrdlreetiurkif. By eonaidEring the eifeiet nf the strEanes ode at a ttRie^ it is evident 

tliat the unit deformatiuini in the and z direiy 
tions are as followit: 





Sf fliX 

E E 

{iw 



E 

aih ajX 


“T "^T 


Thl^ ti^rms in the ahuve eciuatinns are given the plus 
or minus sign uceordinK a» Ebc (kformaiion jirnducCTi 
by the stress, ransicU*rEd by itHelf, would prruluee an 
increasic or a dt^creasu dimeasion parallel to the axis undrr diiwiiHHaiin, 

3- Trioxiol Sirtss. In 15 i# shown n unit cube subjeelctl to tnaxiul utrx^Ase^ along 
the X, If, and t direeliona. The unit deforomtioiiSi along 
the three aft's are as follow*: 


-Bj -t|X BlX 

^e~T~Y 

m 

§1 Mfk ajX 

(m 

M E 

H *?X a|X 

(24) 

e'^ E E 


There w a certain filfrorpiin?, which should be tam* 
fully ncKted+ betwcpn the caae nf axial stress and the 



Fii.* 1&, Tms^al fttr«i=^. 
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of bbixul s*ncl triaMAl utrf^ In Hj?, IS, ih- <rtTvw Him in th^ liiaictkm; and, 
if lb* fK'l ElefomtftUon In the jf diwlion u znuttipUed by E, the rvault is the unit 
stress In fliat direction. Fm the racea of hUxid and triadaJ »tre«@. none of the net 
deformations multiplied by E will give ikn eurreel unit Pti^ in the diraetjcia in¬ 
volved, la uumericnl problems involving bkiiaJ ami iriojiuil streWp it i^ iwimity mo^t 
convi^nicnt to write down the equations for tim nul ih formatloiis along the Me* and ihen 
Bolvo for the unit §ln.-ssc^ that may he unknown. 

It can be Rbown that ihe ehaogL' in voluim* per unit volume^ whetkr the cnee ie pitigk- 
etn.«e, biaxini fftn»*i, or tria:d.fti atresti, ij< pvnn by the fullowiniS equation: 


Change in volume per unit %^olume * f, + + *i 

PliJ 5 pigim aro u^ed for the unit defomiationR when they are iuereases and minUii Mgne 
when they are deervaje?- 

Mi>dotv$ at Rigidity. The ethearing modulua nt claatieity, or modulus ol rigidity, is 
defined by the folUwing equation: 

(251 




in which Et deuotei the moduiuri of ngkiity^ psip 9, denntew thn sik^aring unit stress, pal, 
and It denotes the shearing unit doformatlon^ or unit drlruaauo, 
in. per in. 

In Fig. Ifip lot A BCD a prijm of unit ihicknrss with »idt^ 
equal to L. The tado AD ccwuiidered fcced^ and the priam do- 
forma under the ahi?ar coupN?? as Jihown. The ehear deformaiiuo, 
or detnision, is BB'^ in the length L. The unit deformaiioo U 


L 




(2ft) 


Fio. Prkm under 
^EiaaHaR forem 


It u nvidrnt, tbernfore, that the unit dotrindun is equal to the 
angle ^ in nnJians- 

.\s has been ahowo in a previous diHouJ^ion tm p. 3-4, ihi- shewinKs^treBses set up tenaOe 
Btr^sscB along the diagonal DB' and compnisidvc slrt-aaei along the dtagonal AC\ and 
thwe unit ptn?8{ieH an* equal to the origitml applied Bkafing unit Btreis. On this basis, 

it ran be shown ^ I hat the relation bi^twttn 
the inodidus of elastiinty in teiinun and com- 
prtwion and the modulus of rigjdiLy is as 
jullows: 



E, - 


E 


20 + X> 




Thts equation phows that, if Foi^n'a ratio 
is !4 p the muduliis of rigidity would k equal 
to 0.4E Thi- modulipi of rigklity usually 
di'lerminoti frem a tomiun trft, and many 
sueh tests have shown that thf moidulus of 
rigidity foi- aleel is about 1;2,^,(XID pai. 

Re^iiionce, For strnnAsB within the elaatic 
limit. It is poffidble to ealeulatv the work tlone 
when the material is deformed by the appli- 
Ftfii- 17+ Loatk^hrfoniml^k diaanuii. k'ation of loads. FigUto 17 shows the hmd- 

1 roLi, (11 iimtcrkls." ^tii hJ. p. 38, ^is™a."'etrtDatfcor p, 17. 
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elongiitiDn for &a Axul-tcngion When tbje ioid m Pi jutd tlie 

tofTi!ApobilirL£ dotieBtioti h ^ fom!> fappEiHi durini tht i,dpiii|§Ktio& b Pi/2^ 

uiil the work dotiG b 

Totiil work dotie * C28j 

expressed Ln inch-poundg. S^ince Pi *iA, and ffi ^uaSi] ijLp tbc' wurle done may 

flbo be espre^iaed ag 

Total work done •• - AL ^29) 


Sinct^ AL €><tiiala Lhi^ voltioio, uvid^Mly ^ tin: work douu per oubie m-tdi nieiifUTed 
In meb-puuiidB paf cublo Inoh. Al»o, euodso c^tuda ibe work pot oubic mob may 
bo i!tpn.'jMc?d follows: 

a 

Work per ciibie beb =- ^ ^ (30) 


ft ta GvidiMit from iLtid from tig. 17 that the toLol work done Up to tbe load 

Pi xj^ etqmd to ibe hnA ufider tbu: loftd-elcagatkon eurve. Ako, the area tiodnr iho a ^ ■ 
eiirvG is e^umI to the work done per cubic inch. 

If, ID Pig. 17, it is desired to obtain the work done when the loiid clukiif^^ from Pi tu P 3 , 
it may be capreased foUowEi: 


w.Ad«» - gLpc, - .J - - .jr - (31) 


in whirb y dcnolcs the volmue of the specLmeji. 

Foralresses within the elasHc timitp the energy that Is ah#od>ed by the specimen can 
fie again released, and this ^oied energy' is often talk'd the rasiir>a«. The mnximuin 
ifwlicnct' ifl evid^nUy dHtemiirnd by tin- value of Iht elastic liinil, and the? work per 
cubic inch absorticnri wh^n the unit stn^fis changes from sero to tbi? elastic jimil is called 
putdulus 0 / fiMilknei. This energy im a mcMire of I he capacity of the material to ahwrb 
fhc work done by a soddotity applied load ora blow, without dauger of suffering a perina- 
nent didorniatiotL. 

The nmouiit of energy which can he stored in engtnccriDg matoriids le not large enough 
so that it can be used to drive a machtne, utAuaa the amounts of energy requir^ are 
allvely small, Practical devices in which claslie energy is thus uaed on' clock spring*, 
watch spring}^, and the ordinary spring motor. 

When tin.' load in Fig. 17 ia increaned beyond the idafitie limit, Kay, to the point a, 
part of thi' work done is used in permanently deforming the material. Upon release of 
tht' Uml In xipm, the curve oh is approxiinalely porolld to the originnl zitraiKht portian 
of the lodul-elotij^tiotl CUrve. The total work done in ntrejiaiEIg the niatertal up lo the 
point a is represented by the area OsnO, and the area fiueb Tcpresenti the work that is 
vgain released when the load i» reduced to xero. 


MECHATOCAL PROPERTIES OF MATERIAL 
Definitiaoa. in describing ibti behavior of materuils uiidi;r the application of loads, 
pertain diMcnplive tertas are cammonly used, a'hich may be more or le&s overlapping 
rathi^r than mulually exeliuive. The term? cicMrfic, pl^ic, and have already been 
delined. 

huriik niftteriali* are these which can be penminently drawn out without rupture. 
Thifl ductility refem particijlarly to ibo driwung out thai is pp^ible while the volumo 
riinioins pTaclically constanL. In a tcjnrtlu te«i, the ductility cnmmoply reporl^Nl is (hat 
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whirb iff dDt4^rmlm^ afttit Artujil mplun^ haw Imkan ikrfi Mwl, hram, &Dii duim- 

num art estamplc* at cJilctile nieUlir 

Brittle nutmalB may tw? lack&d upon mat ihr. upjK>«jt« of ductite, Thi^y «m be ili'foroitd 
verTi- witboul mplure, imd thtir rupliini^ iff etuiia<^teriZ4d by h ^den, fibaltt^rinj^ 
ffiJlure, Cast iron, ecKQPret^, and brick an^ exampli^ tif briltlo material. 

^fidle^ble matcrUlfl nn.^ capably of bdiift beaU'^n inio thiti Evidently material 

ihal nxv durtik* arc alsc likely to tst? malleable. GokL lin, aitd k?fid arc example# nf 
malleable meialH- 

Flrsfbte materiabi are capable of bcioK bent wit hout bnakinii- Malltaljlc iron \b more 
Scjcible than i^ray iron, mh rtwS iff tnon; Se^lc iton hard ■rtivl, anJ hickory U more 
Soxible than bo»rwuod. 

Ifardnet* u a quality That ba?i bwu duhjwd in a auinbor of arbUraiy wyjs. Tbi- 
cuiumon &calc of bardaciSJ* te^l for en^m'erinjs nialcrial^ tha- iFnieotailun hartiiiitz^, 
like thi- Brim^II bardiieflfl, wMch iff nvaffun-d by the indentation of a ffinisLianl bAll under 
B atajiii&rd load^ Scratch liardncft^ \s me-B#und by t ht' Mohs si^e for nunerdei. fh l jotuid 
hardneiB, measured by a itandard hammiT tlrt>pjMHl from a standard bciKhl, iff delcr- 
niiuLil by the S-horc fclercsiMpe. Cuttinic haJ'diu-i^^ and alira-don hardneaff an’ other 
nif^ures of hardness liiat arc of practica'l imponaiiBC. 

Renlieni malerialpi are those wMeh arc irapable of ai44orbiitg large amonnfff nf em-rKy^ 
without SEii’cring pcrmanotit rft.’forDM.Tion, Evjdyfitly tht' combinatioTi of hw moclnluff 
of elaffticUy with high cU^tic iLmit would prfKlui:^^ highly luhlicnt malcnab?. 

TouflA materials tkw oipahle of alisorhing targe amounts of onergj’ W'iofjv ^^Jpttln^ 
Toughncisi k evidently dependent upon a combination of high fflrcngth and high ducliliiy 
ur high fflrtinglh and high ficKiUiltty. Toughruf^ ineiu*iiw# the ability to absorb a s^h&rk 
Eir PEidden blow Without rupturo. 

Stre£$-£trtin Diigroma^ Wbi’n an ext^-iuiimeter letiffioii toiit Ls made, an irwtniinimt 
ndtiHi an extenffometer h attaphisi to the apeciruen m ihaf the elotiKatioii of the specinien 
tnay lie The c^tenAumtiter must be capable of mf'fiHuring sinaJL dt-formationsK 

BJid the leiifft rTL'iding on the infftminent k tiffually O.DOfll in, or ffiuaJlL-r. The difftunrt' 
fM'tWEen the paints of al tarhiiiFinL af the 


i^.OOO 

IQO.000 

QCV3O0 

6O,j000 

Et^OOC 


iufftmmeiit, on wliieb the iJufiirinatioii is 
miMiffUriKl, hf eaUtal the Unfftk. Reatb 
Iiigff of load aiid deformation one taken for 
a serieji of Itnul uierenomts. Thti load 
divided by tiu’ erotts-seci iorud an’a of the 
ipocinum giYt.»e the unit stn.'sf*, and the 
total deformation divided by the gage 
Length gives tbe unit deformalkim The 
curve drawn wnlh unit stress m the ordi¬ 
nate and unit deformation fvs Ibo abiiciffsa 
is eaLltd the Btrew-atrain ar Mlres^ndejm^t- 
h>ni dmffrftm. Similar fliaEm™ may of 
eourfti" be drawn alw^ for other types of 
teat, ffueh ai^ enemprt^sion and lorslaii rests. 

Figure 18 shows Htni'ss-.-^ruin rurvt^ff for 
a Inhw-cptrLmn and a hiKh-earbon In 

urulrr to ^how the romplote dufornialion up to mpturCp the sraSe for absclspa ie such a» 
tu maki' nigligible thi' defortnalion wiihin the clast ie limit- If (he unit nt ttio 

clastic limit wrrr- 30,000 fwi the HirTesponding unit ds'formalion would be only 0.001 in. 
per in., wbili’ at rupturi' 11 might Ihi as much ns 0.25 in. pet in. Figure 19 ffJiows ta an 
enlarged acaLo of abrieiEJSfcft the portion of a diagram that goeis only slightly beyond the 
elastie limit. 
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Fur unj^ci^nii^ EnnU^rialfl, lifci- tb& si&ih, thL' (iiwt portiuti of thv i* aii 

iiK^lidjL-d ^ttnaJK^L lini*, ami tbe propcrtionaJ Ikoit fiolrK^^ wA\ fiL4ru*d. For (jtbiT ma- 
terioiF, likr irmi nncj wncn?t^^ f he Ffrej^tnuii dinfEtiiriiF take a form ^Imilibr to thitt 



FiCi. SircstRi-defonzialian ciu^ Tor Fia^ 2Q, iSlrTSfl^cformatiDn 

curv# far ^ojt mm. 


fihavro in Fig. 20. Here the curve devlatoa from m straighl line aJ man* frojn the b«|^tiiiig, 
and the preppctioTuU limit \b poorly duEned, 

Yield Paint. MAtertalu like wrought inm and the softer oleehi derorm rektlvt-ly 
rapidly at a timt Eimm flhghtly beyond the proportional limit. Th- jneld poinl defiiu-d 
iLH that uoil Mtv^ wKghtJy bei.-ond the piuportlrm&l limit, at. which the mau-fiai dofortnjf 
with littU' or au ihetea^^ in unit #?lreS8. Sunietimee, a£ shown in Fig. IS in the lower 
curve, ihefo ia an actimJ dip in tk* curve iMjyond the jield point. XhiB may ooeiu in tk^ 
softer steel* and indi^^ies that, when the yielding of the cmterial hm ence bL-guii, it will 
continue to yield aomewhai evan at n lower unit atress. 

Yield S^ength. Nonfttrrouft tcetah and allDys, like aluminiim and brass, do not eie- 
hibit the yidd point that k eharartcn?tie of wrought iron and the pofter steels. For 

these materia!* the st rcsfi^atnuii curve usiudly 
conHits erf an initiAl straight ime which gradu^ 
ally iM^ads to the righr at the hi^^rst resets. The 
.\>TM *peciEeat!onfl suggest the use of the lerm 
"yield stretijcth'* for such materials, this value 
U-ing determined os shown in Fig, 21. The line 
mn ip draw'n parallel to the utraight portion of 
the iUTeiip>^tnun curve with an olfect Dm, which 
may be: 0.1 pem-flt, 0,2 fH5rcenl, or whatever 
value is specilii>d for a given nmterial. Thu in- 
tciBectioTi of the line mn w'lth the stresa^straiii 
cimo detemunea the yield Mrongth .S;^ as in- 
dtcatech this valui^ beitiJ! the unit otrew cont- 
spouding to a givuti percentage uf pcnnaiient. set. 
If unit stTves is plotted against unit strain, a 
0.1 peixent off bet w^nuld corrospend to a unit 
strain of 0.001> If tot*! load is plotiud against 
total sfroin, a 0.1 puroent offset would mesn 
0,t percent qf the gaj^* length used in making 
the test. 

TTlIiiiiatft StrsngEb. Thi' maximum unit stress attained before ruplurt* is called thl^ 
ullimate strength of the materui. This unit stress is imlicated by the point A in Fig. 


n 



Fin. 2t. Di-terndnatinci ol yield 
Hir#Dicth 
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JS. Up tfl the oltipiato atriMigth. the liipiirmtion in croBS mfftVmn in a teivinn t^jt in 
uniform alonjf tW len^h of the B|Minieni ftiurl tbe^ vduitK^ may he cf:^nHilie^t*d jib pnu:- 
ttMiJly coiiatant. Far ihv Boftiir nirlaJ.^ the tenJiiuii BptfdJtn^n Ia-|^ to ttfck dmm sdter 
thtf ultimflte fltn.'Jiigth in rrarlu'd; anii, when ruptun" firuilly oeturs, at H in Fig. 18, tiu^ 
ujiiL stmjs may be coriHidpfBbly Iimw iban the ukimate Jittength. The unit stregg at H 
ia c&llod the breaking ^strmi^h. 

For materials like Iran, which vse iwrt liuelilt!, them w tin Oi-^kirig tluwii, and ihc 
illlLDUile fltreni^h ami the brt'skbp -^irvngth wincide, a^ shown in Fig. 20. 

Althoiij^ the tTOAB'-Beelional aira in a teUBiem is pinaitef at the idt-unate thim it 
waa otiKiaally, it Lb cuBtomary to calcnlate the litliiCAto ?trei»gth oti the biwis of the 
Diigmal atna and not on the mrlun^d 

Percenta^a af ElonEatton. Tht‘ elunipitioii uf a material up to mptun; ia a i^-aluabh! 
indiralion of the nbility of the matensd tq deform giiAlly under load nithaul produdi^; 
a blattering failure- The pert^entage of oloiijqttion, nieaRUTed after rupture, is defined 
aB roilowa^ 


Fercenfjige of elongation 


final length — orLgimil jeng^ ^ 

ariginjii Ic^ii^h 


(32^ 


The peroentagp of elongation m n^arrleii aa a meaiun- of ductility. 

When nccA'intf ddini oceun, the pK^rcenloKE^ of elongatjon is of coutR.^ greatest for that 
pnrtion of the Hpedpien neayr the fraetum, and it k for this reajwn that the percentat^- 
<Tf elongation will be different if dilferent lengLtL^ ah' employed, ft i» cuFEottuny^ la 
adopt n standard gagi- length in np<irting perreqtage of elongation ; in American praeiici% 
the 2- ami thi' S-in- gagi- leJiigth# are hhj^t coinincin. 

Pcrceotogo of Reduction in Area, The perreniage of teduetioii in aien, mejuturHi 
after rupture^ w al?q n«gartleiJ a measure of ductility and is riefined as follows ■ 

^ , , oiigiiLal area — final aren 

Perwnlaijrp of reductiou m area ■ , , —-- X ItMJ [33) 

original area 

The final amea is cbcnlated from the minimum diametiT after rupture han taken pla«^ 
Tension Frum an ordiimry eommercioJ teiudotii test, made without the use of 

an extensomete.r, the resulu that are conunonly n!|iqrtqd ujv: 

L Ultimate 
2. ^lelfl point, 

Zr Py?reeiitti(p^ of elungutiou, 

4. Percentage of rnduelion in an-u. 

For brittle materials like cast iron+ then.* will Ije no yield poinC and items 3 and 4 mjb so 
iftnall as to he negUj^blc. 

The JFMTgfjy af rupture, or the work p^r ruhie inch absorbed up to rupture, tuny bp 
ealculeitiKl rnnghly by asBumjng ihnt the dlagnun la a trapezoid with Lhe 

ha«? i<|iud to the unit ctlongation at ruptuo* and the Fides e<|uaJ respectively to tht? yield 
point and ultimate strength. Then it follows that 

Etwrgj' of rupture =«= —-— X tm (34) 


in which ^ deUDEcfl the yield point, poip s*i deiiiiti*^ ultimate strength, p^i, ami denotes 
unit deformation at rupturv, in. p-t in. 

^'hen an extcnj=ometcr is in a lensioii tseveral othtjr rwuhs uiay lie deter- 
mijxd 1‘terfdefl thtw menlionpci above. Tbs'S!- an^ thp TnodcihiH of elasticity, the pro- 
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portiQi:^ limitr tuvl thv imMiulm of rt^iHenA^. Tf ihtt tflrcflit^atr&iii $!orvi' ia complEii? 
up to f^pturc, tha cn^^iigy tif niplure nuiy I’m- ti4imput4.nl from tht* euua undtr ih*’^ 
rurvt. 

Compressioa TcEt- The comprostiLou tuift ia tnuo! imuuuanly tm britllt? ihni) on 
ductilti nuiteriiJi^. For duttike^ luutcrbiJif, ihr ouky Kijjpilflrant refiukt obtainL^i rrom a 
tompmtaiQn te^ tht >"itld pomt, licyotid K'hich ih?- fpi^dmeii nit^rely ^kiartt^ibi witkiout 
lirtiJAlly fT&ctiLrtni;. For uiiiti^haki^, Lhi'n-rfin.v t.lieriLi \b du ultionttu totuprt^lve 
unlm thii^ 3'iekd pouit Li eu eonKidt-aHk. 

Whun D f!Qmprt!K^inn t^t L m&cko on a k;iritt]p niAt4=-riAt without nsLtt^ a. coiupin'itiiuEiititor, 
only tlbs ntrlniato dta^ngth ie dtsturmititd. If a ponipa^^mptrr la usi'd, it is puwijhl^ to 
dcitorniino Aim the proportioiUL] [itnit, tk^p mEiJuJug of olA^tioity, euid clip o| rup^ 

Hire, t'or A tftnt^as^traJn eufi-n; aa jdiown in Fig. 20. it iii tuatoremry tu dplormim? tho 
moduluiS of ckutifUty from llir akupci of a straight lint! drawn tbrougk] iho origin of 
ordi£iat4.4 and a vuJIilH' of wurkinj;, or ule, unit ftrraa. 

Shear Test. \V hpu Ihu sht.'ar ia maule on motali, a Bhi'iu tool is 4'‘nip]oyt‘d in whicih 
tht ^pcpimfin ia ckamped so aa to prvwnl bonding artiun as much fus possible. Tht: shear 

k*st detpriuiiu^a only tli* uEtinaaLe ^heatin^ 
strength. 

Tile shiiar li«it u« fiomnionJy made on wood lo 
lietertnJhi^ the fdioiir strengtki paralkel to tkie 
gmln. Oikt^ type of s|>eeiiUEm which hpj* hi^.n 
fouiul natiKfaciujy by the Furot Pmductff )-ak>- 
oratory is shown in Fag. 22. The rehear tool uned 
for t.hia lent provides an t^-in. laffsei kjetw'etm 
the inner ihI®? of the supporting surface and ihe 
plane akung which the failure qonus. The grain 
of ihu wochI runs vertically, and the ultiioatc 
i<ttt?nglh is determined by sheming off the end 
4Tf tkie speeiuen. 

Allowable Str-e^. The allowahle ptre®^ for a 
riukttriak is the tna^kmum utiit atr™? that may 
be safely applitwl. The ailounbh* irtre.*^ mid the 
sfrs«;ii i^hould bo of equal rnagnitufJe 
in a pmp4'r d^rign. 

The faefor of is llic uhimate lonul divided by th*- safe WJ, or the ultimato 

strength dividtd by the allo^idiiu 

Allowahle stresses and faFtom of mfHy are dutiirmlned by competent engineering 
JufJgment applied to the ruult^ n( i xperienoe and experiment. Ttte building codes of 
rrtiea usuahy specify allowable atri'sscs for eonslnietitm coveied by the code. In large 
dejqgni ng offieeSj much of t hr^ worli bi dune nn i he liMusi^ of definite wpeeifications. WTicn. 
the arganlcation In which an engscii'er empln^xn! k s^mallj or wbt o Pome more or losft 
^^tijjinal d+?sEgn k contiFmplated, he may bp called upon to use his ssiwn judgmrnt with 
resprrl to aJIowahlc rtntsses and faciurw of safety. 

Tht- chopet? of allowable ctresse^j sjid faetors of eafirty rlepcnda tio ihc materials them- 
sulvcfi and on iho rireumstaiiees under wbprh the rtnicture or tnjichine must operate. 
The mure hutoDgcniwrus anti leliabk- luatoriiJs may tie employed with smaller faelore of 
safety than materiuk not no reliable. Wkicn failure of a ■dructutv dr machine would en- 
dangiir life and lunb^ the faFtor of i?afcty should ta-- ample. Porla that- are aubject to 
audden blown, nhockSi or uiiE^ertaln basardou^^ Bervieo are desired with rorEiespondiugly 
larger fsetom of safety. 

Table 3 gives average vaiuKi nf noine of tkie meckiaiu-cal propertioBi nf engineering ma -- 
teriaii. 
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dtiffiiU liTHuih in «^}irMirt] tut uEfiruli m iinu^l-^ tnfcn » l)i# ykM pniE. TV iranth^ tikp ttw 

pina arrt rrfirti nEay- \m mynh hifl^PT, va^ for rtnfrtpnJ Elcrt la taicra m H.IKWI -|H- 

T Aif«w -of Bit hrkV. 

X PVopatlxuial linul in la ii i f uM kMk. 


REPEATED PRESSES 

Fatigue. Thus Mibit'cl tif fupt^ttt^d rtMsstf hti? IxHKnno more aiiiJ iHEsri? 
bucuuR' of tbu blglii-r «^«eJ9 thikl in louehine# like the autuniuhi]e. 

■The eurpL&no, and tbo turbine. E^permieiit hoB s<hown that a inAterid will fail MnUer re- 
pcalixJ fftrenN^ tit^t OEily n.i litiit Ktre^'4 k-BS thmi the ultinuitu Htri^Ekgtli hut even At 
flrvBsitii beJiiw thi> t!lulid limit. NimirruUH experimcnti^ hasH’ ihal^ when a ma- 

teriiit subjected tu uf BiifEdenl nuignitutk^ I he iirEiun uf the 

h jmdh K5 to j^Liut a niidroticopic cniek^ w'hlch^ under pontinihd aptftEt:rttiuti of 
i^ptriubi until fBlIutv odduni. In ti^w litfmttuv mi the the nunid “fiiLiguc^' hait 

been gtvuh to iJii#. ijdhavior^ althniLKh a iAHter deseriptinn irf thu- aetinn w'hkh is i^aing on 
would Jx.^ to KI1.V that it k progrf^iBtve fatiurv due lo reptjatet] ?»t resale. 

Thir case of repecLt-ed atn-iseda muy bo ilium rated hy ei pair af wheck aiuJ ittlu under an 
nrdinflr>' rtylmoJ freight cur. O^knuUkT the pnrtinn of the asle projtdtinj; bey-nod thn 
whifeU. The upper hben of the lak an' unrU^r Uwik fftress^ and the lciwi?r hboru mt? 
under the Bume amount of comprossive rtrew- .44 tlw wheels rollt the fiber that waa 
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MECHAN'ICB OF MATCRIAI^ 


lit the top cif tb* fpck* IK »l ilu‘ iHiltdjn Hi the ni>tt {nutaiit. tn »upb h ^^a», tlu- unit 
KtjrrtNiK flii* roversoii from Urni^on to rampn>nvion ftw ejM^h wvolmion nf iJn- wlirtrli*: I hip 
IB c-uIIimI » cjirfe of Til niJier niiH>p of n'pBiileil loodK, tbi* unit AntiPM may inf only 

inully n’vpnscii; lUiH, in still oih^r rmH-s. the unit ftPwwiM may he oT the iwnit* kitirl hut 
rhaneintt from a niiromiim to n mmtinmm vaIup. 



Fns. 23. S^X cti*itran)« obtuined from falimie {Xfvare and Ktunmfft.) 


lufcuiv 23 shuiw typical enaumnce turves, nr S-X in whitlj the unit sttew 

to which thu speciuu-n wus Bulijpcltd » pint ted as uiditiAtc, and the number tif tytUm 
of Bims bceuEmry to pmclubt nipltin» ia jdatted as abaciraa. The unit gtrt :«9 ibAt the 
material cau withatAud appawtitly imfcRnitcly, which w shown on the diagram by the 
horiimitAt part of tbt cunw, is caIImT the tmlurnwt titnii. For matoriala lubjcclcd to 
repeated atrewea, it ia evidmt that the enduranre limit u a aiguiBcaiit proporty and 
m^bimw and atnieturea miwt la- m deaigned that the workiuR unit atresa u lesa tlmn 
thiiT limil. 

Numorom mpciimcnts on ateci, ewt iron, malliwble iron, ntnifcrroua mclAla, concrete 
anti wood indicate that cd^Hur materials in general have 5-xV diaip^ama Himikr to 
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thfWK? jihwnTi ill Ftj?- 23- Soiik?tinu-H lly port inn of i hp diagram for ilie hight'r 
u a Htrfliprht on/J it i# eiirviHi, but in ii]L the eurv’e lent!? to bccoiue 

uymptolic to thn ryelen tor tiuuiv oiatrriaJii, n ralhi-r abmpt breikk in ihi^ cun^e 

neinir* at 1.000^000 t^yFlp:p or hut for jhjjhi? of tho nuufvmiw inctiU, it u iK'crfiaajy 
to eAtty out ibe Lctfrta to 50.000.000, lOO.OOO.fXM), or ^"vc'm tiiOJv tM'forr the 
a*r>TnpTotir. 

Gtwdmvi Dfi^mm. Kigurt showv a diagnun for wrought frrtoui^ tlmt iiv 

kuoTm &B llu^ GooUtimti dEEgmni and that ddirelam^l iniii ptndenlly by i^Jth Good- 



iium and J. B. John-Mjn, Thi- iirdinatti Itt thi" line A-5 n.’prt:denlH ih-L" dtatit^ uKtimut^ 
strength of the niotol. The luiniiiiuin to whieh a, “pt-viuum stibj^Tied 

during a cycle are plotlerl along n 45^ lim^ DOS. The huriiontal btie ikruugb 0 hi thn 
line of tero stre*®^ tensile bidng pknted whow the lim^ mud roiiipre^ivLj -tin^ss htdow 
it. Aceoitlmg to I he "dynamie of ^addtmly upplitid loads,* the imninium or 

dead-loud !!Ftn.-fi& pius twice the* livc-lfiad strive etundis the atatie ultimate utrenglb, and 
the iTLiijidiimni apfilii>rJ atni^ during a cycle ahuuld fail on a litu^ CAD, such that thi* jKiint 
A is bve-leiithF of ih*^ ultinuite j^tutie Fti^rif^h- Gootlimm plotted endorunre limits- 
oblaintHi by various investigators after the TmiieriaJ had ht^m sMbjietod to ovor4.000,tK)0 
eyelia of nitvian, and he found shat these i'aspcriimntuJ ^Hjints fell fnLrly well tm the 
stmight line CAS^ 

An thi* diagtaiu showj<, wbi^n the muiitutini stiew^ is seru, the niuxuinitxi for in- 
dehnite iFnrloranei^ should bt^ fivi»-leut.lifl of thy tdiimilte Statie stn;!nffth. When the 
stperts iH Poittpli'Toly reversoti at CD, iW plus and minus stnetwi's whotiJd be unc^Third of 
the tillimate sLtenglh. Presumably a diagram ^cnilar to tlie utti» nhewn In Fig. 24 would 
bold w4ien tbj minaA aUive the w^ro hue is retopreasive atid that below is tensile. Es- 
peiitiwmLaJ dal a, however, are very mj'agur fur tJusa' romlnoatiotui of ronjpiesiave atn-jw. 

AecoirJing to the GocKiman diagntm, tlio run^ of Kln^is talgehraie difference laUwcfjn 
maftuiuni and tnlidinuiii) Ls givalesi for revi^rat'd stftiifiLfl aiid i|een>aa^ an the maximum 
sLitisa h inereaaed aiiove oneHhbd of th^ ultunate slrefiglh, beiiiK aeiually lero wherii 
the timxitiiiiia atrf^ cuincldcfi with the ultiuiate. tn other word?, the nuediuum 
? UOvsif^Tr. '^^Jocfemnlm AptJtfd td EftitcitcrHia;' SHa tst,. p. iiJ4. KiPvaPk 'Trunkal Tyi^tm un fi^cLtr 

CutfLiirLi«lUi«i=''' 
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ftrtitss ifl imriHsuH^d, th^ mimnium Bt ne^ mmX dif^reomMl nJp'brajcAlly m urder lluit tiw 
matcdrial tuny b** indefinitifly without ^Jiiltm^. 

H. Jobisun difwhipped a formu]*!, wtiipb wa* Utiif Amplified by Batt, cm a 

iliapBin piipibiT to Gopdman'i. The funauta ti 


■■■ 


1 ^ 0.5r 


(35) 


In M'hidli icu„ denotes tbe nuisimum imil ett^iSA ifiiring the cycle, ptd, cbnPtew tbc rtalie 
ultimate teiuUe jFtrT:iistb, psin mnd r dcootea tht* raiiipe ratio for the cycle of stress, 
thi* tqtjij of ihi’ minimppi to the maximtioi fftmiw:. It ifboidd be nimcnibered that l■^ the 
raoKP rntio, ia Eq, (aS), h pofidve if the stmao* btoitH cif a cycle atv licth tenaile or IjoLh 
coniprvis&iv^ byt tie|;ativc tf one limit is ttEksile and the other cetupresflive. 

£:E|M.>riim*nta4 on ferrous metflis have shown that the undumnee limit for com- 
pJeldy mverpeii sttt™-s, is about fiv^e-tendw of the utiimale tensile streuKth, instead of 
onL^third as indicated by the Goodman dia^rajEn. 

Thi? Gciodmaii diaemm shows that tbc ratio iif atit-i has a mlue i>f l.h, % bcin^ ihc 
cmiumnm* limit when tta* minimuro strew is ijero, and #_i having the fiamc tiH'jsnin^ of. 
a.iwvi\ RtperiiucDta ehow that it 15 masonably safe to aaaumc that such a mtio exUd^. 

i.too» and Kommera ^ have a modihoition of the J. B. Johnson formula 

that \b not liai?cd on miy asnmtiHl ratio of ^_i to hut rather ou an esperiiwmtftJly dclcr- 
mined value of ii_i for each nu.^tai- The vaJutj of 1 ,£ for tta^ ratio of ia TctaiiiLd, 

and the formuJa id 


*Hl« 


I 

I - OJr 


or 



(3h) 


In which the Dotation id the aamo rh befnn^. If r ctjuiLls mto, ocmala i.&, the 

OtHHlinan ratio. 



It ahoy Id bo remombL-rod that cLaatic fuilLUo in aa in!|K»rtaDt aa fatigud- failuns and 

ihea^fon? dctvrminwi by Goodman** dk- 
Kfam or any foroiiiiti for cnduniDCC 
dhntild nevar ho permitted lo exceed the t-Luftic 
limit of the material. 

A Modified Diagram. Tliere urc a ntimbej' 
of nbjuctiona to the Goodman diagram, ahown 
lu hig. 24^ and the fomiuLis^ deri^'od froio it. 
Comitfinitively few cipcrimniitji have bttn 
mndc to verify the oorrectiK® of the diiuetam 
for the hfcglH;r trummum atreaseg, aikl for 
ferroijn mt'tala and alloyi the average ratio of 
ctidinaijcc limit to tenuilc strength is more 
nearly 50 ralber than 33 pcrcenL A 

furlbi?r iibjfcttou id the fael that it wouki prob- 
aidy iievi^r Ijc db^indk* In iiac a maximum Plrt!** 
in a cycle which cseccdd the yit-ld jioint of ihc 
nxatermb herauM* pjch a stnyaa^ would caude 
imdiwLraljW ptirmanent deformatinn. 

Esperimpiita made in El^rop,^ havx^ nURgeated 
a modihed diagnmiv* aa Jihnwn in J-lg. 25 . 
The point C m the fippjn- mprescois the value 
of the yield point, and OA and OB the endur¬ 
ance limit for eomplftcly rcvcmed strew. The 


Fio. 25. 

gram. 


Modifed fAligU# itroM dta- 


■ Moons Md KaMaaaa 'Taliw of lA^- 

KoiTMEiM. J. B., D«lBii'*Ee*i Diuoaihfl. ani.. 1 ™, 
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n^prtiMtit iht^ Ayvns^\ tw^nei, or steady unit eUme in itr uytJu- When the 
HuiM^ Fc^lc ie wvd (nr ordinate and abdciMe^ tbe line 0(^ mil be a 45* Une. Twn 
Mmi^ht Uiie^i an' dratm tmm (hr \iidd point to the plu# and iiimu« valui-si uf (Ik: pnr 
dsimti™ limit for camplrtely reversed satiw, and tlieifc iinea represent the vajuev of 
maximnni and mmiinum slJftAS. The diagram hw tht^ furthiT ndvanto^ that It does 
not depend upon an arhitTiiT^' mtjn of enduranee limil fur eoraptotely reversed stresa lo 
tenfile jrtren|:tli. 

ThK fonnuU ihat csprusseti the relaticmships in sjch a rliaj^mni w fla fallows: 

/^wr\ 

*“ “ (1 - 0 + fi-t/Vn +') 

in whSeh the notat ion is I he HAtne aw before, and 0= Uh! viulti paini or ytald strengt h. 

In roDneetirin with Fig. 26, t hf following relationpbips are of [nteri^st. ±ta ^ alter- 
nating tmil slrefw in a eyelp, 4 ^^ « avi^rw?, mean, or steady unit stress in a eyele: 

Stiiaat ^ S miift 

jS m.x * Mtr ia *tnLfi “ <*» “ n 


WhtiO thi: enfiuranee limit for ecunph ttily reversed sir^ and thii yield point or yield 
fttmngtli are known^ a sliaicram like Fig- 25 may be easily coimructed and Et|. [in) may 
be u-stTd. It should be understood that the use of this diagram and fnrtntila is ailvi^eatod 
only when the diittgiaT IP wchrkmn with materkls for which eompktu infonimtion 
gardtng the vartoun fadgue limits for different 
ratios of r is: not a^^ailable. 

Baigh Diagram. Figure -diuwK the din- 
grara srugge^ed by B. P. Haigb fur plotting 
fatigue re^ulM®, Jn tliis diagrHm, ihi? alter¬ 
nating Ls ured as Uie oniinate, and the 
steady iftrc«s as thi^ abpeissfl. By ''altemiating 

^tresf” if naant the amount of fludEtkation 
of ftrw on ejt her aide of 1 bt' steady or ava-r- 
ngi: in a eyeSe, iheaverj^e st ress ladng 

the atgehrair sum <if the nuixtmunt and aiin- 
imuni Pireai* dividtHl by 2. For ijistaJice^ if 
tht? maximum unit streets is 30^000 pM leiisiun, 

and tht' minimum stress is 6,000 psi t4'iijEioii|. thi^" fteady sliras is IS,000 tension, and 
the alternating pi res*.-* i? 12,000 ppi lenKton. 

The equation that Biiigh used in ronnedtiun with the diagTHiii in Fig. 26 is m followftj 



Ftu- The HaiRh diaam-tn- 


-.(■-0 


(38) 


in whirh a denotes I he ttllematini unit wtrers, psj, « dennUw the steady unil itnm, p4<i, 
a_i detioUv the endurnnpe Hinit for cnmpSelety peverwcl stresseji, psi, n ik-notes an ex- 
iK^rinumtal cunstant, ami 4m denotes the idtuiijite tensile Ffrettgt h, psi 

HjukK states that the eonj-taiil ft lie« >«*lww-n the limitfi I and 2, varying with diffiffetit 
lEU’taif^. In the iAtnve 4 *qiiftlion, whi n n I'qualN 2, it i-nn shown that the equal ion is thi' 
raim^ as Oerfaer'a |»ralKda,‘ whieh was pro|iOf^l iit 11^72 to show thi^ effect of rniigp at 
Btre»K!i Oh endunuice limit- When n espials 1, it enn be shown that tbu rmulta would pint 
in a rikognim similar to Comltmin's. In Fig. 20. th<‘ liiagram haw lict-u plotted fur n equal 
to 2 and #_i Ktual U* (Ifwitf. For ptnnis un the diagram lying above the 45"^ lim^ OB, the 

I llidmtinn bvISiM) iS«p<¥br mi\d rnf^VW Stj™Prt ot a €jrt--te flf Upiilinv Xtit. ffowtiWAn 

.tr^A. 1 S 74 . 
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cycle of Ftnf5fii will l>e piirtly nsvwrwci, Ik^ua? for eqrb a iwini a nil I be ((reater rhan f. 
A :FlniighE Htu" coimectinj^ i_]. althI LC^b would hppn^ni the reeulij^ tpi'cn by a liia^i^ni 
similar to Goodman 

As a picture uxplaiikinif; fal4^^ on uf tUTesSp either t bo Goodjmm *i 

or I hr muJilied diagraia of ^ eiudly ititerpupted and be i^adjlv utHJiiirBtODcf 

even hy one not parllrularly fandlijir with elatA, In the upiiuoti of tbi- aiiihor^ 

the diaj^^ratn If*, next to the chjLi^m in Fig. 2^, probidjly mutit i^uMTaJly ufKdul and 
eaally Interpnrtedr Alao, the etiuntion idvi'o in Eq, (SSF for plottifijE Haiish'fi diagram 
ha# the Julvantage i>f J>eiitg esproHHxi in temM of ii_th SO that #_i need not be a particular 
or eonfltant fraerion of the ukimale tiuiisilr Alrpngth, Tn this exponent n, the formula ha# 
a constant that F^houlJ prove uieful in lulapt inje t he equat ion. to vatioue kindp of metal# 
and other material#. 

Fatigue Fracture r Frael un^ undt-r re|ioat<'d charuetenai-d hy the initiation 

of a emck which, under the action of tbi^ mpeaiH pppead^ until failure result#. 

Kven ductile material# undt.^r fatigtie bi'ha^T as though they were brittle, and 

the chararteristir fatigue fraeture oceura suddE'oly without wandniE. 

Ewing and FUnfH-nhain * ohwrvcd that, when a metal i# subjuetnl to a static stress 
9uffiriEmt1y pn^t, the eryfflalfl of which the metal iis n^mpooed yii.y by #lippiTig on certain 
gliding planrs within the cry3«Ed. This sUppiitg ho# the effect of breaking up the pohshtd 
iimrface of a gnJn intu miero-^wipie ele^^ntions and depn^soion# in I he nature of steps. 
Under yertiiad illummatinn, thi^ slepa show a# dark UncSj which Ewing and Rosenh^ 
calkid ‘"Slip tmud#.^^ 

Ewing nod ftuinfrey * earriid sm a idniihir study on slip bands when specimetifl wv'fi' 
suldeeted to reversed Ixmiiing Htretsse#. Ti\TiE‘n ihe w^as sufilciently high, slip littes 
Bppean-d on tlbc cr>'¥lals. With incrt-iiw' in ihi- Eiimiber of cyeke of strew, adilitinnat 
slip liiirt appean#!, and the orifiirjjil one# nbowi^l a ictidE'ncy to broadem A# t he nuiutier 
of cycle# increased, the bronilening pn>ce#w i-nntinutd^ until part# of ttu-! surface becam^^ 
covcrvil by groups of dark markings. .At thi# nt&gt\ it was found that an actijwl crack 
had uptim-d up along sonii' of thi^ broadt^riiKl slip lines. Gnce a emek waa fomuy, it de¬ 
veloped rapidly bentusi.- of concvmtration of sir™ jit tin* end of ihe crack. 

More recent experinvmts hjiec show'ii tltal ii is poosible for slip to occur under fatigue 
slressc-s without prodtinng failim>. It haa also b«m shown that n-pt^alal stn.»i»cs at or 
ju.st tN-low Ihe imdurnnee limit may artimlly produce a Considerable inirca^o in strength. 
This n.^l! F(s?m.s to Lh- due to thi^ riipeTit.ive aAd working on miiiule amounls of ma¬ 
terial- Then- Is at pJVM^nt no conimotily mwpted thisiry as to I be pmnw that Initian^ 
failure by fatigue. EKpujrimrnlH have shrjwn, howevt-r, lhat fiuluTi- often start# at flaws 
or disflitiliiiiiltiee either on ihi^ Rirface tpr m thb! interior of a tneial. 

Comlation of FatigTie and Static Tests- Then has n roru-iderahle diHcussion as to 
I He: ciErnLdfttiou l^rtwivn tb' results of static and of faligui! te>-t^. The determina- 
tioti of the t nduraure limil of a matertaJ iisiv^ of the tinn.' nmsuniLHl and 

hf.>raufsi^ a of apLdmeuB is niHce*zsar>^ to make thu dsterminiitidn. If iht^ cndunincf^ 
limit oould bi^ pftslictod fmm a static te#t, a <.fjn#idtjrahle saving would lie effected. 

For h-rToiis metals subjected to complettily rL>^vcrsi<d tho be#t correlation 

jiM nw TO fs' liClwi'eii ti'iwile flln tu;lh and endumnee limit. Thu rndufance limit, on the 
average, is fdjnut SO piireimt of the uElimntc tetisile strength. Since, however, the re¬ 
sult* may vary bs'lWE-t^n 40 and fi4> pi reemt, this relatimi rannot be- rellni upon to gii-e 
more than a rough &ppru?dinttt|on- The Brinetl and aockwcll ImrarK^ nujubers also 
shnw a fair c^Emdation with eudumnni^ Limii- Fn]jh,riional limit, ykdd point, ductility 
and ini|«irl valiu^ of wrought ferrous tiii takif^uw Vi^ry peer corivjktinn with endumna! 
limit. 


I Euv. S^. LimAM r«Ai., vif I*. Ml. tm. 

1 JSw. LimAm r«iiii-. TrtL 3X2.4. e. 312. HAr. 
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FDr the nonferrous metalf), thenp w no vrJfv p^Jod fumibticini betTWn ultimate 9 tn«ii^h 
mid rnduiuiii^ liiml, mnct* rbe niiin «f th^ Isttor to ihp fornK*r nmy vwy frnm B to fia 

p«!mintr 

Tlu* fVA'ults of emfurmirt' ttsts on wood are niea^'ii'. The endurance limit seemp to be 
appjtixitimt^ly 30 pnwnt *tI tbt* modulus of rupturg^- 

Cpupirlf mbht work liflfl iloue uu tbi? fatigue frtfenjjih of concrete. Beam tcFM 
^hl>w thftl, for cycle# of rmiipiiit frum sew to a niiutimiiiii, the ctiduroiicc limit 

about 50 pcrctinl of ibe m^Klulu?) of nipt ore. Tests on ocunpnwHOti eii-JiiKieri show That, 
fur cycles of rto si mropng from sero in b. maximuiii, I he enrlunmce limit oi about SO to 
SS pt^reent of the atatic compn-i^rive ntri'TngtlL 

Ahnipt Cbauge of Cross ^eden. One of the ctunmonesl causes of fattguo failuit! Ls 
tlm pre^L-nce of an cdintpi change of erma ^wctioii. which may ho cauHt^tl by a 
shoulder, a V notch, it setew thn-ad, a keywny, a loolinark, & scratch, or an internal 
or cTrtcniai flaw in the matenai. Easporiments by MDorL- and Kommerw ^ on sbmi ■diow'^l 
Thiil n ijqimn^ cnnier may thi; endurance Emit by hs nitich as SO percent and a V 

notch a^ mueh as 50 percent. 

The cau^ of Till* action is the ptihie^nci.^ of high localiicd strL-^iHos at the bottom of the 
sharp ecim*'Tw or iiotobes. BoT h t heonjtical and expcriPtenral in vest igatici as have- provetl 
the ciii^ten of these hi^ localiEc^l Wit h a pti-sidy stn;*«3 and a duct He ntarerial, 

nueh high bcal?tre-®is not consider4‘iJ piirticijJiirly dangemufl; but, when the slresses are 
rt>pcat 4 ^^l. a crack may ^so initLatod, cvi^a though the high b present on only a very 
.irmall area. 

In TaItU' 4 are given !mmi- experimental resultci obtained on Ixith ferrous and noT>- 
ferrous metals, shoirinK iht- perct^ntage by which the notch n^un^ ( he endurance limit. 

D. .1. ^IcAdani, Jr., and R- W. Clyne lutvi- dirteufimi» the iffi'Cl of cb:^mic.ally and 
Hiechutiicii.llV fornfit**! notches on iht" fatigiK' of meluk. In ihiHr dwcti^sfiuii, they ti?e 
the diMZTnfiae bi eudurani.^- limit of a uotebi-fi Fpiieiioeti, as compariNl vritli a smooth speci- 
men aji u mcajmre ^if the daniag^' done by the notch- They show that for ordinary' siwjls 
the seiisitivcTieafl tu nutchi-# incrt'a-'K-^^ with increase in temdle atiruigT.h, hut at a grailuuEy 
deCTL-asing rate, 

.\tcAdam and Clyne, Imwever, ptiinl out tiwl shen- am! wjmt^ exceptions to the Keni.'ml 
rule. They seiy that UmX work-hfinjiming during thi5 proreas of forming a notch may 
strengthen The rejcioTi of higJw-^t strew roncentration and thus diminiiih the appanu]! 
damage due lo rbt' notch. There w evidnift^ also that increajse in ultimate strength due 
to cold>^working causes gtcaler inrreaw* in notch iw?nsiti^ity than docs thi; same incri'-ane 
in Mreiigth due to onmprjwition and hi'a^trcatmimtr 

Wheni’ver it is nts^’^^swarv to bavij changes of orru^s w^ction, the shouhlfor notchi^ 
should ln" provided niili gt'iierous Ellet“i in order to prevent om much as powibSe the pme 
ductioci: of high local fltnw. Fur the hanu- n-asonH it has hnm found thjU a smooth finish 
is mort' dt-simkkic than a rough one. Even the IndcDtation caim-il by markinK a im^tnlH^r 
has been kooaii to start a fatlgui^ failure. 

Corrosioo Fatigue. H. I* Hnigh * show^"ti in 1917 that the idmultaniuftia action of 
repeated ^trcHi and a corroding aip-nt nmy vein’ i^n^atly n-duee thi^ fatigue stmngth uf a 
metal. D. J. McAiUm in thi.-* cauntry'. ha? sludi.Ni thw subject very i^sharwtively, and 
a large amount of wiirk haB been done on ctjrrosiun fatiguCi both lu'^ra and abroad. 

Willi fwsh water as the corroiling agent, the endummv limit, or currusion-rmiguc 
limit, for carbon ^ti^ls and orriimin alloy sU-i'ls ranges from about 55 to Ivbf tlmn IS 
perctmt of tb- endunuico limit in air. With salt waltr a^ tlu' corrwling ap-nt, Xhb 
rorro#ioiidLitigue limit is still h-wer. The wnToHciii^atlgue limii in iniprovt^l 
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L 
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Qmy CMt iron 

90® sctuare 






Gray cast iron 

sho^dera 
90’° SqUloie 

20,1X10 

9,300 

0,300 

0 

K 

Gray oaat iron 

shoiiJdiKni 

square 

23,200 

U,SOO 

11,200 

5 


Gray aifft Iron 

fihouJdtrs 
^lO* square 

30,300 

15,000 

13,700 

9 

K 

Gray cast Iron 

shoulders 

1 90* square 

37,100 

10,500 

10,300 

16 

K 


shuiddecH 

42,500 

24,100 

10,100 

21 

K 

Malloabli^ cast iron 

90^ square 


0-27% C etwl 

shoulders 
00^ square 

49,SOO 

25,000 

10,400 

24 

K 

a,4S% C steel 

idkouldera 
90® square 

78,500 

34,000 

21,600 

37 

K 

0.62% G steel 

iLhouldeiig 
90* Square 

m,900 

51,200 

24,fi00 

52 

K 

shouldrasi 

134,500 

48,800 

30,400 

38 

K 

0.40%. C ateel (sorbitlc!) 

90* aqtlare 



shoulders 

98,1100 

48,000 

^,500 

51 

Jl 

0.40%. G steel Isorbitie) 

60* V 

Ajtnco irofl 

fiotek 

90* square 

98,1«XI 

48,000 

10,200 

60 

M 

Airneo Iron^ bot-rollifd 
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42,400 

28,000 

13,500 

46 

M 


shoiildeT^ 

44,300 

20.200 

18,300 

29 

K 

AnuM) iron, cold'drawn 

W square 


shoulders 

73,100 

33,300 

23,400 

24 

K 

V notch ^ 

35,200 

12,000 

8,000 

33 

N 

4% Ai + a.m% 

V notch * 

39,000 

15.000 

10.000 , 

38 

jV 

Mg + Al 

V notch * 

41,300 

13,000 

■0.000 

23 

N 

Mg + 10% Co 
Exirude^i nlumiiikim 

V notch ^ 

39,000 

11,000 

0,000 

45 

N 

bronne (lieat-trEaU'd} 
Cftfll aluminuio brotiae 

V noteh 1 

77,500 

34,000 

20.000 

41 

N 

fheat-lreated) 

V notch * 

77,800 

2.1,000 

22,000 

15 

N 

.V 

LD50 atcel 

V uolch ^ 

lOfi.liOa 

57,000 

24,000 1 
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little cttlier by liwil-trrAtment or by cbemioil rampodition, imli'^v wicb heal- 
liTAtmcnt or cotnptwition nffpi't" comwidii iu'witinite- For 'Vtainl™'’' iluKh-rhroniiitiiil 
ofttl otbT i!om»tinti*m<wtflnt thi- forruBon-fatiipii- limit id hiitlwr thim for carbon 

fltet’Stf Eind dlby 

Thi- rtudy of pmu-ction a4^TiPE mrrosiOD fatigiii^- w poifraiihiif Ahn^ Ui^pl- liiica: 

J. A Bt Lilly of flllof^lt’HiL nil! that the of melaU te corrMioiL 

2. A Blmly of the ^ of proti'ctive cotiitiiicpfi for mt^liLU nnd albyai 

a. The iutroduetion into the WAUr or otW roiTodmg mptJiqm of eheniirsJ iiihihitors 
or rfltutltintJ* of eorronon. 


IMPACT STRESSES 

Tensile Impact Fiicui\' 27 i^huws An ordirmrt^ leosion bar* ?up]>ortt«d at the 
end A Eld 5 ubj(w^erl to tW stneweff produced wbi'n a wiiighl W i? nJlotfed to drop from 
a height k. It ain he *howii » that, under thei»e cireuinfttAnce^. tk- 
sirpstt prodneixl In the bar diU' to tkii Utop of the load |b ah followi’s- 

„ - a + , Of) 

in whicb #* (k'twtce thi? unit strti* imiHun'd by tho tmiw-t, ptii; a de¬ 
notes the unit stress produced in imr, if It w'crf a quii’accnt load, 

{.■ni; e denotes ibe tolnl defomiBiinn in the bnj", due to II acting os a 
<luieMt>nt ]«ui in.; and A denotco ihi- duftance. througb which II' folk it 

The furmiik shown that when A » *ero, i^.. when the load H' t* 

“suddenly appliiil” without fnlUnB through oJiy di^lnncit. the unil 
KltieaH is tw'ice BS gnrat m* that due to II applied as o quiesct'nt luaiL 
ti in olrt'ioiio alHU I lint, with incrca'c of h. the unit stress »i inrn-ases ver>‘ rapidly, and 
it follows that disastroiisly high HtresM-jt may he pnxIurMi by impact IwuIg. 

If the bnr in Fig- 27 ia held in n hoiimntal pnwiion and the weight li' Is projected 
a gaia at the end with a v»ilocity 1’, it can he shown that the unit etrws produced in the 
bar b follows: 



in which ai denotes tbi< luiil attv** produced in the bar by the impaet, pai; t denote* the 
unit ftn>» in the bar, if U' weie a quii-sceui hi«d, p»i; A - T buinn the vdneily 

of the weight U‘, in. per see, and g bkng tk' amclec- 

atiao of gravily, piT -■'pk pur mid i* dpJiotii» 
tk lota] df'fonHiition in tk bm-. due to W Arting as 
A quieswTit loud, in, 

E^ecT of ShApe on RA^i-euce. Tbi- mparily Lu 
Abflorli ft blow, iueb &s wab diHi!dJnLnl in tk pitn 
viotw paragrAphs, is by tk tnodultu of 

rorillcncc, wbicb is tk ooHirgy pL^r cubio iiieb tbAt 
A material nlwarb wkn Htn»BL-d to iIb i-lafttit 
lunil, 

Tk i^haiA; of A uiay (ifFwt the amount of erwri^ that can be AbaorW nafoly, 

for the Et-AHQn I bat rwyu*nco la the produer of etm:^ And defomiation. Suppose thut in 
Fig. 2« I k steel bolt nui-Ht withstand temnon, autl let the nm-timiun imit sttess pormittini 
at the root ajea of the UtPeAJii k IS.tKN) puL A J-in bolt ka a diAmetcr at tki root of 

^ ot -Miimdi." p. 3ft5. Ti laijMtiHKO, '^tncnitfe of \UO»rmla." 3d H?d.. P«-t 1. |k 305. 
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iht- tbrv^ of 0.8^ ill-; theTvfQRe thc^ unit srtrew in tliL+ nbiiilc of tbi? bntt would tit* only 
ILr^Kl paj. Tlwi ishaiik nf ibe holt eouiil iht-Jt^foct aliaorh nn mnotjni of e^npi^^■ t'liiud to 


Energy 




Xl^ 


2 X 30,000^000 


X 0 9.S4 Lb.-lb 


If tlie design of the Hhimk of tlte holt wc-re rihaoged iu nhown m Fig. 29, m tlml thr 
^mflller diameter of ibe afiank wiin* m that at the iykM nf ih^ threaiis, then tfie 
energy that cmk\ fh? ab^irbed by the holt would 


Enerio' 


lO^OOCF 


r X 0.S87^ 

X ™r-X 4.5 + 


2x3omoon ' 4 

» 10-55 + 2.40 - 13.01 iii.4b 


2 X30.0(»,000 4 


This Eihows that Lbe Mt in Fig. 29 ean abeotb 32 percent murp ener^v than the one 
in t1g. 23. Thbf u dm to the fact that nith ibe higher iinjt sUr^fi in the smaller diameter 

»F The rhank ^cioa a greater elongation and that llwjiw 
togetb r pitMiure a grt^ater eapacity for absorbing 
rneigy. 

Repeated Impact, .Strurtuml tind machine part^ 
am jHimetimeffe Fuhjected to repcuTed impnrt#^ nnd 
it h of inten?st to Inquire iit wbut way the effect of re- 
peatpd irapaete is mialed to the reflult ohtniiv'd from 
an on|irwir>' enduranei' test And also how it is related 
to thf^ tarn of a itpodmen rtaptunsl by a single blow. 
MeAdam ^ hits madi'^ on various cwhon ami 
Ailpy steals, determining ibe ordinary rotAtinR-heam c ndiiwico Jimii. an impaet^^ndur- 
ance limit, ibc energ^v of mpture for a single hlow^ in a mcwiified Cbarpy maehine, and 
the energy nf niplun? in nlow b^^ndlng. 

Two types of spceimcn were need in the LnpaetH-nduranft^ maehiiie: Type A, hav-ing a 
diaineter of O.S in., diaineter at bottom of notch 0.4 in., notch .ddes pa^iel, radius at 
bottom H a Typi' B, tUmmetor 0 7S in,, dfaim^ter at hoc torn of noteh 0,0 in,, angle 
between mdp€ of notch IjO", radiiJs at bntUim ]4 mm. The specimeiiH: wpre supported 
at th£‘ p.ndA in the impact-endumnct^ tnaebioe, aa a simpli' Tjenm, and auhjpctod to n'- 
veraed impActe by the drop nf a hammer. 

TtHt purpwe of the impnetH^TKlumni^c tc»i wt^ to deiermita} tbi' u-ilation Iwtm^u the 
of blow and ihv nunitMir of blows to catt^. figure. By haying various 

hammcra and u^iSna varinOfl hoighls nf drop, thi* nuinlMT of blows n<^«.!Lri^ to cause 
fracture eoiikf Ui variiMl from about 500 to nruLiiy millions. 

The results fftim tbi: iaipaef-LiiduraoR^ teebi wrre ploitiKj, ein rgy of blow lading use^i 
as octiinale and tiiimber of blow a to produce fmrture hb ab^ima. The l urt ^s were 
similar to thoH:’ obtained in a rotaling-buuii emluranre test, the hon^untal asytnptote 
bt.‘ing reaehi'd in the neighborhood of l9.Cl00.ni>n imparts. Thiii mi b of thf: rotating- 
beam endurance limit to tia* impHec^-ndiarmnce Itmit wop found to fnHy corkFtani 
Me Adam saystEvidently, thetefnm, tht- ordltlale at thi‘ i-KtH-pne teft of ik- imparl- 
eiidumnce graph depentk on ibe imparl property's, ami llu- ^irdinalt^ nt thi^ exiretne 
right depend nn thp endunuire propertirs of the melaJ. Be [ween fhew-: two ejrtn-nuffi 
Tb^ infliienw of iho impact pmpertie? tfrenaa™, ami ihal of thr^ endurance |impcriii»« 
inerr’asefl with increaiio In the tuitnber of blun^ necvMary to tau«^ fmrtum ” 

Pti .Hijmahlyp therefore, if the unit sln s^ due to thi- impaet were accurately known tmd 
were plotted agsunst numla^r rif blows to product^ ruptun?, ik rifPulTingdjAgtatQ would 
pnA^al3^y fwinride with the diagraiii obtained froni a rotaEingdxam endurAUCe test 
tiV*:. AST\f, »oL P, M. l«iS- 
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COMLBrNED STRESSES 

Combuicd Aadjil Stf fr&5*S. Tht- tnuie# «[ riambiqx.'cl axiii] jifirmaJl v Ui 

rju'h otliL^r hiivt* hrf'n pivvinniitly uiifiiiT muJ triiuciul Ptraw*. 

Axial Stre&s and Flexural Swe&s- Thr i'aat uf aacial combLffl?d viih Hi^xiirul 

ptrtw, nrhieli cmftif# In prurni^ iindiT iN::M‘iilftr jwid in * hjkt canTi' an aiial 

]mi\ ur Ml abHqiti* haul, ui \n Init^r 

Axial Stress iiad Sheaf Stress. Fiptm 30 sintrei im +^k™=TH sTjbit*etcti to axial termnir 
■rfuiiibim-ti with tiu? phiwr ac^ting rni thi^ two end 

mr{ian'^ iiud OH ihr top and bottom. Thin* Mt* many 
c&ivA in piwrtiop in which af ructural or machiiu^ nwmbiTfl 
iinp HjbjertcMi to such combiiuitioiw of t^lrcsii. Fn a to- 
triforr«l caneirto beam, there Lp tftufion due to flexuit* 
and shear to fa^im jshear. In ntany ihaita. there are 
lensinn. and eompnespion due to flexure or direct stress^ 
ami shear due to tornon. 

For the eleoiLOt in Fig. 30+ it ctm l»e shown ^ that tJa? 
unit nornM] strt'f^ acting normal to the inehned Rirface, and the ^hear jrtnH& 
acting parallel lo the surface at any angle am jd^en by the following fonnuJaa: 

I “ cos 2fl , . _ 

a* - # ----h tw «in ^ (^1) 



Fin. 30. Axial tefloion com- 
hinod with shear. 


i- «= - sin 2 # d- aj CO 0 2 fl (“^^5 

" 2 

in which #, denotes the imit irtne^ acting normitl to any pla^ making an angle » with 
the harixontah psi, f denntoi the unit axial tensile atrefie, pei, a# denote the unit ahear 
etreBB, pfti. & dcnqtcji ths?. angle that any oblique plane i^ca w ith the hnrbontal, and 
denotes the unit irtre^ acting parailel lo any plane makingati angle with the horizontal, 
fwi- 

ilfafiiriirm NorrHul^lf"^^- The nuotsmum and miitlmuni onirnial unit Btn,wtsi occur 
on plants given by the following criteJion: 

tan 3fl ^ — — <"^3) 


The two plane# for the angle 2e arc 1^=* apart, and tl^^ twn pUftRS for the angle am 90" 
apart. Thu moximuni and niininium unit si refine? act mg on t.hr#e planes have ibt* folluw- 
tng valuis: 



m 


the notation ladng the same as l>eforer 

In Eq. {44)p the plus eign the masimufn unit Ftresw. which would be tenpile for 
the ciMe ahawn in Fig. 30. and I he mimw ^ign give# the minijnum unit st rewn, which 
would be compnwsivt!. Whim tciwile stnn^ ii eombiued with the inaximuni normal 
unit stMHw iH tffttMile: when comprci^^ve stress i» combined with ^hear^ the maximuni 
uiul BtmsB bi eompreft?i%^- Thu minimetm ncirmal unit struss is always of the opposite 
kind to the maximum unit jrtteflSr 

In Fig. 30, thi- axial vimm is eompitwiive instead of tonjiite or the shear ie reversed 
in direction. Ikis. (43) ami (44) may still be iwkI. U tW axial Mlnm Is comprc®4v*e. 

i floni Fud P*i^ 0 ^ AUiwifc]#" aih «!.. i*. '290. Siania, 'r?mtaaUi pf p. 'JWL 
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rhonge Uiei4gn (?f s to m\nm in Eqt*- l‘13J aiid '+4); if ip u* 

«i 10 miEiiiB^- 

Tht nnghf^ for thf" pkni** of lujuimiim ood mioinniin ciorroa! nnii Mtw nm^ ^ tl<*- 
tormintHi from Eq. (43). Aft^-r ths^ p!aiv^ hn\T been dotermirvLHl, there irmy pfiKI W 
pomrt qui^tion to whirh one eorrespondB to the muTiinum unit itrtPS anil which to the 
mininnim, Thip quc'^tion may Iw H.ruiu'ered by iiiiiiis E<i. (431 
to di.-temiiiM* the nne otuJ rmdjir of 2^ said then fubetituliiiif in 
Eq. (41). HowTirer, the qiu^Btlon may be hJiiiwertKl more 
quietly by mtHniL of h wketeh mfh bs^ in ^howti in Fig. 31- The 
. ekrteh f^howp lhal the elh^iuv acting Jilone Woojld prodyoe a. 
teiuilt> Ftn.*^ uomul to the plulie A A. Ttu^ m Aoling 

fllont* wokM praltKe n u-n^ife on tht-^ ptiuif HE. Tht n*- 
fortv the romhirmticni of phear and teindle foire* in I! produre h 
nioxinuim unit terydte Plrrrts on a plane flueb rf*" I\in,g be- 
twi'irii ptttfk^ -4.4 and HB, Thim tb* plane for imudmuni 
Qormitl UEiit stress lies In the ^rifl ami t hini quailrauls, and the 
plane for miiiimiun nonnnl unit ftlrep? Iie» in the pocond nod fourth quadrants, the two 
plane# taking at right angles to eaeh other. 

PnifiHpd Sirrvfn. Tht^ mj»dmum and minimum normal unit atrv^^ae# are called 
prifjnpuf and thi.': pinner on whleh they act principal plumui^ It ean be ^howu 

from Eqs. (42) and (43) that tbi‘rc is no «himr aeting on ihv prinripnJ planes. 

MaTtfnum Shmr The moxtoium anif minimuiti tnhmr Ftresi^ oetqr on \4»ru.m 

given by the followins eriteiion^ 



FI0.3E 


t*n • “ 


(4n) 


Thi^re &TC two planes fur tht^ angSe 2ff, and th^:y are ISO*^ aparl, and the two planes for 
the imgle $ fire 90'’ apaji- Tho majdinujii and mlniniLiiu unif frhear itr&sm acting nn 
thim? plani!# have thi^ follooioK vatuo: 



C4b) 


in which the notation is the mim! os before. 

From Eqs. ^43) and (451, it Ib uvident thal the planoB for majcimnm and mintiniim 
shearing unit idress he 45^ away from the ptiim^ for nmxitnnm and tninlmum normal 
unit Mttt!**. Theodore, when the latter planEOJ have been hkund by means uf Eq. (43), 
it Eb iitmuce^vry to apply Eq. f45' to determine tb^ pcK^ition of rhe shear plaiui#. 

Hi^mum-stres^ Theory of Failurp- From time to t iiiu.% vaiious fbeoricff of failum of 
mateiiala under conibined stmwKw ha^ lM»tfn suggc'stefj, failure being usMumtitl to have 
oeenm.-tl when the stress in tb? manorial nmchw the yield point. Tlir [naximum^slmoB 
theor>% or ihenr^ pus it is sonn'timL* calleik ajwunws that, whatever the ratifi of 

itrospep in I wo flln^ctione at right to each other and whether they afi^ of like or of 

opposite Hign, failure will necur whvEi oni^ of ihi^ ninw-B reoi-hf^# thl^ value eurn^ponding 
to the yajJd poinl in m mple tension nr cOmpni^ton, ilb e he cayN? tnay Iw. Thw I hiior>' t-aker 
no ttccmjnl of t he eflcei of Pnisf^on'R mtin on streiigi h and assumes that a mai eiiiil is 
neither weakened nor atrengthera'd by tb* uilditioii of r second stn*## ai right angli^j? to 
the first. If this theiFry is cum-rt, the niateHal should n^eh its yield point when I be 
greater stn.'SH wToehL^ the yield poinU a* determiniid under nnidirvetionol Joatling, 

MwiimiiTn-atfnm Thwiy of Fallune- In the nialbemaliad thiicity of elaaticity, tlm^ 
equationa of the foUowing type dedvffd: 


En ^ Ml — 


(47) 




COMBLSED STRESSED 


3 27 


in whicli E di!tiot« thr tniidiiliu' of vlaiticity, to Ijc wiuitani in al! difwUocia, 

pi. Ml, *j, and it denote the ihn.'^- unit itrwiw'N s( fiitht tueh other, pui, unci ^ 

denoto Poijwon'* mtio, The espreswun £<1 u* wllwl rtdmini ttfcsa, intr jusew, or idmi 
il H 4 «, £xprvt«ion> stinulur to ihii nwy be writlrn for £♦) uitl Eta, ond lhi» Lhtve ettUR- 
tiMB for the tnii- HtnuMKO are ohtJii£i«J, TIu! inMimoni-ttniin theory, or Si. VemtU'M 
jWff aiwuiwM that, wlwtevur the combinulioti of rtnjjeHsi. tho tnutt-rid mJI fail when 
the miudmum rtnun imwIu* * wilue to that at t h* yiL'Id-poiul »tns» m ^uiiple 

tviwinn or wmprH.>«toti. ., i , , , „ 

Th*. nwxiniura^truin tb.'ory ai«uniw that, abeo a nwletial nubjertt'ii to two or 
ihfl* etr«K« at ri«ht anjth* to oarh otbor, tb.‘ stji-tmth ii the f(resa« 

are of like Finn aail diminh^hL'd when they afo of uwlikv stgn. Tli^, for ttrt im'qual 
tenriDtis .IT cofopn^tionji, Hm .iefonnalion dur to the ?malh-r rtnsrt, b<^u*‘ »( PoiMon a 
raijo. wnold K'nil to the deri.nmti.m (doii* the direciiot, of the Urger rtrea^ 

and th., stn-hgth would bo itict^W. filiation (47, Fhowa t^t, if a tpalerii In aubjwted 
to two equal atrease* i, and i, in teadon, the atitingtb will bo incmiejod 43 1*™"^ « 
Potwwn's ratio ia O.it. (f i>iir ia tpudiou and the ot^ir ^^omp^cs^^lOIl^ ihe Btn'ugfh 

wrLII bi> dtTnawMd 23 pLTrvat- , . 

Mtitmum-sbeai Tlieory. The maximimi-stpess tbwty and the tmamium-Ftmii 
thitirt both awiimo that failure take* plare by yielditiR in tenaton or ^mpivwion. The 
mnsteuio^hear theort*. or (air, u'^-ubr^ that failure oe^ura by yielding diu- to 

whi-u the. aboaring unit .trv« thx- .h.wic^ yield point, If two Ftwcnu.na 

ftiv t..Fted so that one ia aubjwted to simple U-iwon and the ottu t to cnmbiiied 
bu< the. sht^ftriiiE imit stmsa is kept the same in tioth spL-nmeiu.. faiiuft mil btf identical 

in the two specimens duo to ywidiiiK in ahear, , . ■ ■ i 

Tlw maBmumahiar theory holds that, wkm two of the tba.. penpal mv 

*ero. failum is still due to siniur. Thus a steel Imr subject, kI to mnal to^on would fml 
bv dear. In this case, the maximum shearinB unit stress occum on a 15 plaM, and its 
vkiue is equal to omehalf of the ten.*ile unit stream. If yielding ^ to «rur owme t« 
shear, tbi^n the ibearing ymld point must be le« fhnu one-half of the temnie yield 

of tension combined will. «mprm.iu« at right angles to it. tin, raximura 
unit shear stre« is oni^half the sum nf the tensile and compressive unit stm^ as shown 
on p. 3-5. If thi>. t£Mihi3c! juid c^ompcissivT? umt ° 

shemiiiu unit rtnas is etiual to the tensile or eompn^ivo iimt stnas, and fmlua- will 
occur dill' to sh..m-, unless the shiaring yield point Ls gnaier than that Ui either tension or 

In » IiLilk'tiii oi till. Engiiu-erin* Experimi'iit Station cf the 
I'mwnuty of Illinnis (1916), A- J. Becker diseussas the th^. mow eomraon theum’S 
of failure given almve ami also i«ver^ others. Bcki-r narfe tes.s on vanous emsa of 

buudnl iomling nml drew the following cu [Iflitdon#, . , ,. 1 , ii,„ 

1. With increasing valm^ of the biasial sln.s^^, the yirld^pomt stnn^tth fnllows ihe 
nui*iEimm^lraiii itsiory until the value of the shearing stress reaeht's the sheimng y-ieh 
point; limn the sharing slmss «nf,rels aecnrding to a max.m|mi^shi;ar thi^^. Them 
are thus two inrk^pendent laws each dotuiniint within proper limits instead of * tnnglo 

l&w hu^ bejvtofom bopn asiflijnu^d. ^ i u- ’ ■ i j 

2. Iki'ause thi*.' two W gom.™ the stn'ngth of ductile enals under 

ing, the mlio for simple stress* of tUi shearing yn-ld-pomt strew to the tensile jm'ld- 

point Strom m importiuit, . . r- i- 

3. The results^ tht' test* reported by pmvicus investigators cunJorm Letter to the 

two kws of strength I ban to any single law, ^ j.,. t’ ■ . itii ni 

lua bulletin nf the Engineering Enperiiuetil Matiun of the InivetfitjMJf lUi^ (1919 , 
F. B. Rnd \V. J. PiiiTiam rppcrlH nn thp n-lAtioiw htrliAven rhe plsriir sltT-njfthii 
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laf ill tt'Wtin, Ltfjnpr^'TiBiBiii, ahtyu-. Sfliite of tWii" miidiMDfKs tbal *f¥ 
to t|ia nbovi^ di^u^nn vfi lolkuwa' 

Tbi': eom'ct valm- of tho I'kstk ahi=>iifiiij; of stivl as miwunnl by the |mi- 

portioTieU limb or tbi* luit^ful limit point \s fmm fifty-five to sixty-fi%^e hunJii-dth^ (0.S3 to 
0,6S) of tin? lpiudh> «trpn^h jind may be taken with rcattonahle accunoy m mix- 

tentlw (Onftj of tbt^ elaKtio teaMIe stren^b. The ma^imiim-Hhi^ar iht^irv of the fniLtut^ 
of i-laptio notion of duriiU^ stwl (flomoiimwi called Guest V htvc} ia^ iliercfom, nut an ac- 
eurate pitau^ent of Ifie law of elastic bifskdown, mnm Gticet ^s law aasitutiiCTt tisnt I he 
eUfftic ,4hi'aring atreni^th jje onr^half Ift-fi) of the elastic tensile PlTvnKth. Thi' miLUiuiini- 
shear tlu'ory ns exprtw^ by Gueni V liiw^ linwever^ Is of much vjit in obtaininis nppmd- 
miite renulti^ 

M^jfe recent expi'rimtJiiLtt indicate that tht' nhear enerj^v eriterioii of yielding ^OK|p*jcti'd 
by von Mises and nl^o hy Hi^ncky and Hubt'rp fiti^ resiiSts nf experimeiitji better tiuui any 
otlMT^ Th** equatinn fur yielding ii a* followup 

C*i “ + i*i “ — *jp - Sjs/ t4S) 

In which 4^, and Jtjan* the prindpeil fltre>!tpei:i, nrid in I he yield :F*t^inl for nimple tciution. 

However, Kuice ibe eiiterion of the nautimuiu^ht-ar theory safer strra»cs thaJi 
I be sliear-energy theory, it i* prohatdc that the former theory will enntinue to rt^comniend 
itself for design work. 


EXAMPLES OF STRESSES fN BODIES 
Thin Pipe imder Internal Pressure. In a thin pipt^ under internal pn^ssure^ the aa^ 
jniniptjon Li tnach' that ihe drcumfervntial tmit stresa, which mmU] tend to make tht^ 
pipi^ fail alons a longitudinal ekiinenL b* uniformly distrihuled aern«s tbi- thlckiiete of 
the pipl^ Thk approximation u »u0ii?iently etimi;i if the mtio of the diameter of 
the pipe to iho thickDt«s of the metal b &i least ffom 10 to l5, bul It would not Ise a ^pod 
approximating for thick ryhiuierK eajrh es. jpiii tuho^. 

It can be shown ^ that the unit cireuiid^erenljal Ftress in a thin pipe is 


ii 


21 


im 


m which 4| dennUw Urn unit 4 tn?!ta in the metaJ, paL p dcnoteii the internal pruasurv, |»^i, 
D denotesi tin* inMide diameter of the pipe, in,, and I denotes tho thiekncs^iif the pip<?, in. 

The longituclinal unit struw in a thin pipe, which would tend to caum^ failore iduiig a 
eirctimferential elettuml, is 

p/J 


In which *1 tkjtKites the loogiluiimBJ unit atfiria, pH, and Lhe i>tber nutation in the riomi- 
tks for Ek|- (49). It should be noieti tliat thi^ unit Ftress in Eq, {fiO) is onty onu-lialf of 
that IP lit. (40) r 

Thin. Sphere under Inlenial Presauro. [ii a Ltup lipbere imder Lnterpal pressure, wlieti 
thfc ratio of the diitmeter to tlie thicknoj^ of the shull at least ID or 15, the followiiig 
fortuuln (pves ibe unit atrtaa in the metal: 


ii 


41 


tfiU 


in whirh ihji iiotalion Is thi: nnuie as in Bq, (49). 

li^ihqiKii, “Stnpnrtli «f Man»fwlp,“ i*. 10. TtwnnHK^aoL "-‘Ste’iifltk ' ad «!.. Pan |, la. 
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Strvsies In Riveted Joints, fflnnuiw; in riveted jaintji, mch aju nfc fouori in boiler 
hht'lb, tiv imuJiy i^aleulfttrd on the aiwutoptiqii I hat tW atreaui^ involved mv aimple 
ivAaidn^ beaiinjt, and Tlte further jLvntmpttnn w miMfir that each rivet rairfes 

[is prtrportioimte ^ihare ul ttu< lomd in «bcaj and iti beojin^, although ihh uot quite 
true for f^e lovb wlien ihi^tv an; mote than tvi'o rowt of rivet«^ pamllel to the m&m. In 
Aniprimtk practiiK, the frieriortnl rt^-rtane*^ lietwivn thr plate# i# negfeeted^ as ia nkf* 
ihc^ tfondicig which oeeutiPi in a lap joint- 

Tht^ dianurter Eif the rivet iif in. h^ than that of the hole iti which it is to fit, to 
etiKMti;! iTuiy etiltmiwo of m hol livtl . In boiler efdeuhitioi]#, thi.^ ri^x't \s assumed to fill 
thi*^ hole after (Iriving* and the lieartng, shearing, and net tcjaMle ant ail baatMl on 
the diameter of the hok^. 

In mlotdatixig tbi' bearing unit ato^as, it Lrt aj4jiunie<l that the txwing pfKMotTt* between 
the plate and rivet is unifornily dtvt.rihun^J in a radial direetinn^ in the of a fluid- 
Tlte iioariiiR liMl Hlit^ will then be the h«td dmdod by tht prtyeeted which m tbo 
tbickiiiw of the plate tiuu# the diameter of the riv^-t hole. 

When bolw are pnncbi'd, there ia a lofifi of plwnglh hi thr plate unless the holes are 
rf»aiiHKlp although anneflltiiji the plate wiH r^ti^re itp 
fftir^ngth to some degreor Thw Iih^ due to pirnrhing 
i^timatiKJ at 10 poreent for plati^, 20 p^reent for 

t^in. |i]aU4^ and 30 percofit for l^-in. plated. 

In Atruetntwi woirk, othtir than presenm- vussels, punelu d 
hole# ait? ppi-mitttvh punching being chenpi'fr, and the iu' 
ifit-nLian uf a fw eitm rivets^ in structural joints perhaps 
inoti^ than offsets anv weakness due lo ibi' u#*" of 
jjuiichrtHl hnh?s. For work lii which the plates are 
puiicbed but. not ri.'aiiied, the prnetice i? to pniieh Ebe 
hole in. larger tlmn ihi^ dianieier of ttw^ rivet. For 
purposes of eaJculatioiii, thn bearing and efbearing aivaa 
are baapiJ tbi* dUumder of tbe^ rivet, and tlni net 

tenaile nr eompn'ssive area i# baaed upon ibe dJametor of the rivet pluf io. 

tlgure 3^ shows a BingltHfiviqed lap Joint in whirb tin* piteh of the rivets is callf^ p. 
In ealeuUting the unit sliossiw that would be dewlnped by the load F, the following 
fiimaulaa result^ the luad F ln’inR carried op the pitch ilhrtanco p, which ia tailed a u/jil 



Fm, 33. Lftp Joini in EcfiAinn. 


strip: 


F 

" tip - rfj 


(52) 


in which st dnnoEc# ihi- UEut leninle alre», psi, F Jenotofi the force' netittg on the unit 
ffirip, lb, f denotes ihi* tliiekness ol the plate, in., p denoEfs the pitch of tb* riveta, in,, 
and d dtmnten the dinniiitcT of tho hole, in.^ lii tbt> case of lioibrw, or the dimurtcr of the 
rivet pltis in,f m thi? case of structuml punchud plates. 


The shearing unit atnwr is 

A’4 

m 

The bearing unit sLiess is 

r:B 

d 

m) 


in which d denutcis the dinnu'tor of thii rivet hole in the caae <:if boilcra and the iliumetcr 
of tht' rivet ill the caat' of slriiciiiml work. Th- inther nolnticn Lh the mnie a? for Etp 
(52), 
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C B A 


Figure 33 ^owfi a tripk-rivt^ted lap jdnt. It \a evideat that^ in itm piti^b distann^ 
thixv riveU carry tbe hM^i. At rt^w A in thv bwtr plati^ nr rov € Ui the upper plate, tbi- 

full IciaJ JULiet be taken rare nf^ ajid the unit 
tenaile atieffi in 

•| - 

f(p - d> 

At row B in the lo^et qr tipper plate^ only 
of the full Juad art^ m terudon* for 
q&jc-Lhird of the land wm iTaiwferred from the 
|[HK'er to Lhi! upper pU(e at row A. Hit unit 
sflri.«* Ih thcnifore Ipflrt st rqw B than at row A, 
for ihu teruqki art™ an? the aame at both rows. 
For a s im i la r refuiDa, the teneile unit »Knam al 
row C in the lower pbte or row A b the upper 


\q 

'©■ 



© 


1 © 


d 


-£:i- 




o o —^ 

Fio. liSi. Triple^Fivotecl lap joint. 


plate will be leas and Lbemfom uulmJ not be i:alculatecJ~ 

The load P ii carTted by thrto rivutu 'm iingle ahear, and the unit satrcee le 




3»t/* 


The kind F w carried by Hipee rivete in foearing^ and the unit iLreen le 

F 

■> “ 


m 


m 


Figure 34 ihom a two-^trap butt join!. The fomuhui for the unit itmaw in tenaiuu, 
shear, and bearing w^ould be eimilar to the ones for tap joints^ exeept that each rivet hag 
two areaa m ahear lufitead of one. 
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P"xn. 34. Dcmble-riveted. twu-atrup butt Joint. 


Relative Strength of Joints. The tvktive atreniftb of a rivaled jdjiil, often called it# 
ejerirnrp, is the ratio of the gtTenglh of the joint to the strenj^h of tb- unperfomiH 


Tahl£ 5r Reiatitk Stkemctu op Rivitep Jofvre, Pkuce^it 


Jninta 

Minimum 

Maxiniuni 

Average 

Single-rivcted lap joint _____ p ^„ 

52 

54 

55 

Ihjublt.'-rivetc^] mp joint.. 

b4 

78 

70 

Triple-riveted tap joinl + 

54 

M 

' 78 

SixLglo-ri^'eted butt joint. + 

53 

M 

00 

Double-riveted bult joint 

54 

78 

75 

Triple-rivicted bqtl joint-- - -- 

n 


80 

QuidrupliMivetwl butt joint. 

m 
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iXAMFi^ OF STHESSCS tS BOUIES 


3 - 3 ! 


solid pJftte. Tnhlo £ fbow# the Jbpproximftte stirni^h# tbiU nmy be expected 

rrtim vimuuft lypee of rivrte<l joint#. 

Fftctor of S&fely. The faetor of Affety tbnf i# meonimeniled by the Boiler Code of lh& 
in iS. Tin- alhieaJih? utiit for dE^ign 

then become 


55,000 

5 

44.000 


11 ODOppi 



- a,S00|MJ 


- 10,000 



to) 



ih} 

Ftn^ 35^ T>'p«of iBiiiuv. 


Types of Feiliuv. A sini^oriveled Inp boikr joint 
m$.y fsi! 4m m mny one of the lollowio:|! (ausca : 

Ik Shrari^g of the rivet *hoirn by Eig. 35(j. 

2. Tearing of tJie plale thmugb tbe rivet hulus at 
A (Fig 35cj). 

3. CnMhmg of the pkte In front ol a rivet tm nt B. 

4. Ci^hing of the rivot- 

5. Tiviring out of the plate a^ nbowu at (7. 

0. Hplittini thi^ p^ate nant D. 

If thd- joiTit ii A eoiiipleK onCp failure may of course be due to m ctumbioAtiou of the above 

lines, 

Tempenture StresacB. If a steel rail W King on the ground and iaaubjected to ohnugea 
of tempt^raluro, thorg br no slTSAf developed in thi? steel, for the mil in quite fiee to expeuuJ 
or contract. Htiii%*vgrp if the rail were fixed at the eiidfl «> that it could aot contmet or 
expand, then changea of lemperature would prodijce stress. Tf ihe coefficient of ex^ 
pansiuu of a material i* tf, tbe unit defonuation due lo a change of temperature of is 

« “ ^ 158 ) 


^rifcf? conespemdiug unit stress is 


S ^ Ef » ^ijf 


m 


Shrinkage of Hoops. Sonieiimi«f it is desirable to heal a Loop and slip it onto a 
cylindi-T that la slightly huger in cUnniotcr than the hoop, Upon eoi>ling; a tensile alrpMB 
ia prodiicvd £u tbc hoop. Afi \u tbi‘ caS!* of a thin pipe undef interjial pressure, in tbia 
CftiHe A\»o thf? asanniptiun ia made that tbu diameter of the hoop is large corupan?c| with 
the thiekiuiA of the fuetaJ in the hoop. If ihe dmuieter of llin cylinder is d and the 
normal diameter of the hoop is r/|, the unit change in the bngth of ihc hoop after it ia 
shrunk on the Eyllnder is 


wdx 

The corrospodding unit stress in the hoop is 


#1 - X 


di 


d -di 

ifi 


(fll) 


Compound Prisms. Consider a piiBm made up til two ur mofi? different materials^ 
such aa A concrete etunprsarinn prism reinfonxi'd wilh tongitudlnal steel rxids. tf the 
length of th& rxKls is equal to the lerigth of the pnsm, the unit deformation of both 
malerialf will bo the same whi'n the prism is toadt>d. If Cf and u are the unit defonna- 
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lion* of th *2 concrete cmd ihu steel TCflpc*ctivi;l>% iben H fdbwr* that 


nyso 


tc “ 

P, + n - F 


<62) 

(63) 


in wbicli P* dciwjteg tk.^ earned by the concrete, lb, P* denotes the lewd carriL-d by 
the steel, lb, and P detMitc# the tetel Icsad on tk prwu, lb. Alio, sinc?e 

it la evident tliat the unit ftnbKw m each material atul ibt krad carrierl by EMh matenal 
Euny be determitierl. 

STRESSES IN BEAMS 

Us* of Beams- A bi-am is a stm^tuTal iiHimber that La subjected to loods anti reaetinnn 
acting tianHVenfely to its loiigitudlrud dimeMiou. Commnn esaroples of beams are iN* 
wootlen jobta and Pteel I beamB uaed to aopport floors in buiIding»K pbto used in 

ptate-giTdef bridges, and the axles on raitraad freight truekEi, whirh iranafKf the load* to 
the wbtK^ls and sc to the tracks. In some taeics of beam Brtion, the Icmiis will not be 
perpendicular to the loo|! ^Emenpion of tk beam but will act mere or Ipsa ebilquely, as 
in the case of rafters used for supporting a roof. In this case, the raf ten? are inelinDd to 
ibts honi&ntal^ and the n.^tant of the dead load and the wind load is nnt usually normal 
to the long axis of tlu' rafter. 

The so-called ^'conimon caae'^ of beam action will he d9Feu£;?ed firat, beraure the loads 
and rvocticns are fairly Htniple. The more corapkicated cases will be disew^sed in a later 
section. In the common case of beam aciion, the lontptudinul axis of the untoadod l>cmirt 
is stridgbt, and the has at least one ptmie of symmetry. The loads and reaction.^ 
Ue in tbi^r phme and are perpendicular in thu longitmilna! axis of the beam- 

Rlnds of Beim^- Beams are conmioiily clasalfii;^ on the basis of the way in which 
they are ihipported. Figure 3^ shoH'K a simpfc beam, one that is suppf>rtcd near its ends- 






Fio^ 1^. Biicpld l>caniL 





Flo. 37* OaDiilovcj beam. 


Figure 37 showK a MEn/iWer beam, w'hieh h frer; al odic end and JlxM or bnUt-in at I he 
other. A boftin supported ai only one place kH-tween its chlIs might be a doubkt' canti- 
leve-r. Figure 33 shows a rAFifiriucus beam, which has more rliaii two supports. Figure 
alnws a propp^i eantilevi^r, which Is mipportcd at one end and fixtd or hmkt4n at !!«.► 
other. Figun' ‘RS j^hows a which is fix^ at b<jlh enda 



FlQr Cuniinuouri Iwain. FlU. 3£il. Prepped^un tklrvtr Ijcuei. 


Ill tile cases died aliove, the supp^irting forces may be calculated by the prirndplt^ of 
siatics fur the simple atid the cantilever beam, and tbt^ are said lo bo stattcfilly dr^* 
terminate. For the continuenH, the proppetl-omtllever, and the S^od-emded bimn, the 










STltEA&EB IS BEAMS 3^-3^^ 

ru^portiruc (Miwjt be rsUruLiti^l by tb^ fif i+tatini Abne, i&nil ib"^- an* 

III 1^ (elhlirallv imJetemiinafe 



1 '^ 1"^ 



KK«. [iKOhi fixMl >1 hillli rnfJr. 


r,VA, 






Kn-» IL rnifftrmly dUirihuled 
loiul. 


fOOO^ 






Einda of Loadicf. Moflt tif ihi- \n$d^ and n^cnuiiB are npiilknl to a Ww in ffueb 
maatvj: tlimf there t» involved a ft-rtain smiuiiiit of eontaiM an-a. lii nmtiy easeSn hnwever, 
tbi# a™ or n>jiljw-t ii so inniJl tliaS the k«ui* may be fM^injiideJed applied at a Mae er at 
a point, Thest^ an* cslli-d cownfrotod and rvaeMoiii: n^. M jdiPww mth a c«e. 
One of the juffumptjoas of laaiJints «n thi^ basii of wbirh many beam? an^ d^:pigned 
uniftrrmi^ didrihuJui loaditiit^ which le^uaJIy dated m poonda nmning fMl of 
beam ar in pminda per iqiuin; foot of Soor ttpare VtK^n' 4 1 shnwa fuch a JtwidjJig on 
a aimptf? beam- In ether naMM, itiay iw 

vmimja kiniia of irntmniformiy di3tiibiiU‘il luad^, 
byt Ibepe nt'ed not he (fotiHidervd ai tM? Him-- 
CalculatioD of Reactions. buiaF are Uke 

pimple biamfc except that they carry kwii? on 
portioiu that overiiang the -up|ifirt--«, as Fhowii 
in klg. 42- The*:; beauu? and also Finipk' and 
cantilever beams an- daticalEy lieter^n^Ilale^ and 
tbv reactions mav he computed by the piinciplep * ' 

of rtatic ettiiilibriuni, Tht- MtniUloiu of equilibritim when the liiflctji and reaction? aiv 
roplanar and paratkt an*: n UTie algebmir Eum of the for«* miwt equal Ecm, t2) 
The algebraic mm of the moments of the forces about any poim in thi^if plane must 
equal tens. 

[ti Tig 42 , the reaction? and fTa naay be detemimed a? follows: 




ffigr 






Fli- *2 


Sr - Rt + Ht- 1,000 - iSOO X 10) - 5,(X» = 0 
2;Af4 = uti. X 10) - (1,000 X 14) - iSOO X 10 X 5> + iS.flOO X 31 - 0 


From ilii'w' tNJiiationji. R\ “ 2,4t')0 lb anil Wi =• 8.000 lb. 

fii aiHl «, niiOa alsi> ber obtairMil bv writiiif! two monM'iit iHiimtiww w,th unBJM ht 
.1. ami ai H Tbi-ti « a r1i.‘=li, t he .-um of i bi. Iixulii must i-iiml tbc i.f i l.i- ixactwmt. 

Jb dblorminibK thi- iwictinn* fur rfaticiilLv indi'U-fBiiMtr iH-ainB. it ik OLft*aar>- tn 
nuiki^ ime «l thi' itiaalioiw of ihc I'lwtie rum- in r«ldition t« tin* Ptntfc of 

I’quilibriiini. ThtsH? mutttn* an' disfU-ioi'tl in a lut*'! a«?tklil- 

Strtswis mnd Momeatu si * S«tigb. If. in Fig. 42, thr: ovi^rhangiiig pcrt.bii of liru 
bf»in tb tV' l.‘rt uf tin- pcint R t* fflnrtrfi n.'d sa s l««ly in ciimlibrium, it wi-vidbat t!i»t 
ni4tl«-r H sinKk- huriioiiluJ forth nor n sirvslt VirtinO foro. iKtriHt «t xb*- cr™ «h:Iiop 
4 ft fn.m the t-nd of thi- liosm. could hoW tlwt portibo «f the beam in equiUbnum- V k-n 
the bverlmiupuR pirtion of ibi- k-am k-ndj-. ose kiv>ni< from esia^ntna- that ibe bottom 
fibetH of tk' Ipewn will k cooipH-««il and (he top fiiietti will be aln<tebwl, Bspernm nts 
have ^hown thal, in «lch a owe, (he unit stmiiw vary r™*“ *•"' *«P ^ 

of th- kam. SunB wkre betwee n the top and imtiom Mirfnee* of the kam. tk fibem 
mdtkr flburti'n iiur duumilc, and this aarfare is otHt'd the nimrr'af turfiice. 

lb th,> analy^iH (£ ik slrwatu at a cross section nf a ]oa<kd kami, it ta uaual tu divide 
tk totid strej« into MiTUftl amJ laniicbluil coiuiJCiiu^k. normal atn^wo. will b« 

those of leiuiab an.) coinpwwicti, nncl lh.‘ tahwntial sln-f* will Is* Hh- shear sire®. 
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Fi^furv 43 ebowK ao Brmnjsf^nu'iit of tlw teiultu^ compressive^ md flheur fomw dn ihe 
eroMs f^retioD that would nuke it powsible for thia portion of the heAtn to p^atUiry thv coii- 
diiioiiis of eqiiilibriuin for pu^^b a ^'sfrtn of raplatiar, nomwuctim^nt^ TionpiiPTUU'l forrw. 
Th™ eoEHUtioiii are: 

L Tlii? uJi^ebraic sum of the for«M alonj? thv horizontal muat equal zero. 

2. Tho dl^bmie sum of (be forcsej? aloni^ the vertical muat equal zero. 

3- The alji^^braic siuu of the ^lome^l■l^ of the forcen abc?ul any point tn their plane muKt 
equal aero. 

It is e^vident from Fig. 43 that the tenaile atiJ com.pressh'o forces, ealled 2^ unJ 

would coruititute a couple, becauiiie there are no other htjri- 
zontal forces- Tho ietisile and minprcR^ve unit stresses, or 
fiber Jifrcaipj aa they aii' Called, niU"t pitxluLt^ a TC eoupb 
' which is equal and opposite to the min^iiefit of the l,CXX)-lh force 
with respect to a horizcmtal avis in the ttom aeetion. The shear 
stresws must ptnduCT' an tipwarrJ force V* which is pqual and 
oppiM^ite to thp |,OnO-lb load. 

The alg)(4iraje simi of tfa^ momentt of all loads and rL^tlons 
to tht! lefi or to (he right of a giwn cross seeiioii ie called the beifidifi§ meincrtf at tiukt 
section.- The tx-'ndiiLg moirw'nt roufit bo baJaneed by the TC couple produecd by the 
intetiml Jdrewse- at the ecction* and this is caited theff-Ms/inff nmrnenL It is convt;nient 
to repraaent the bending moment hy the symbol .\f and the resisling momenl by 

ThtT algt^bmic sum of all the kads and maetious to the left or to the right of a given 
rrewe weetjon is called the ffrree at tlkat seetiom The shearing force mujiil be 

Imianrfd by a force produced by this internal Htrewes at the Foetion, and tbia is callid 
the It is convenxint to 




Fig. 4a 


rvpr^appt the shearing force by tie sym¬ 
bol and the resisting J^hear by y\ 

Shear Btagrams. it will be jihown later 
that there is an important rplaEioti e3dat- 
ing between (he variation of shear and the 
variation of bending moinenta at points 
along the length of a kaiiL Herause of 
this relation nud ali«o because shear soim- 
titoes determines the strength uf beaius^ 
jt is desiiddik to know how the idicaring 
force varies from point to point along tlie 
beam. The diagram (.hat show^s this va> 
iation la cahed the aAcgt and thf^ 

ordinates on the diagram repn?*cnt the 
valujL-ff of ttu; Rhearing force. Figure 44 
shows a lofuJixJ l»oain and the com'^qKind- 
irvg shear dtagram. 

It is eotiwident to lulopt n ronvrntlon 
fur ngn in raleulating Ihp shikar at a wc- 
tinn of a beam. Tbi* convention here 
adoptcHl will be to take the sum of all loads 
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Fid. 44. Shear and mOlnrOl diaaranis. 


and reactions to the frff of any srrtiun arwt call dewnwanl fomw negative and upward 
fimes positive. 

It ia often lieairabk'' to have I he I'quations fo^r (he shi-aHng ffnre For various ^H^rtionfl 
of a beam Unlaw there is no change in loading along the beam, it is impuceihle tn write 
a shear equation that will hold for the full Irngth of the beam. Hig result is that shiiar 
equations usually are valid for only a portkn of the baam. For iho beam in Fig. 44^ it is 
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iu.-ee«m7 to write lhi*e seponte oquatiaiu, u Wow, the diirtMn* # being mesiuml 

fitsm the Wt end of the butuo: 


From 0 to 4 ft, 

V, - -1,000 

From 4 to 14 ft, 

Y, - - l.OOO + 2,400 - 500(1 “ 4) 

- +3,400 - soar 

Fnjao 14 to 17 ft, 

- -1,000 + 2,400 + 3,000 - 6,000 
- +5,000 

Sych pqu^tioiu mny be laswl to detonninu Mcmutely the peint wtRie itn* sihear dittgnyti 
paNK» thruuiih *em, A Inter imragrapb will explain tW Jiigmficfliire tif points of *vri, 
#h«x. In Hr, 44, the point A on the shear dlwrnin mny be determined by Kttijig thi- 
equation for that portion of tln^ benm e^tinl to xero, 

Vt ~ 3,600 - SOOf - 0 
7 °> 6.8 ft 


Another simple way of looking the point A U to note that the ordinate nn the shear 
■ li» £ r»am ii 1^400 ^At B and that beytitid B ibe bid dropi^ cifif at the rat^ ul 500 lb piT 
ft. It ia DiM^essaTy to go a dist»Af» frpio B equal to 1,400 dhided by SOO, or 2.S ft, to 

k>rii]K thv ordinate to lem. ill • 

It *m be found thaU for lb™ portions of the l^eani <m whieh then? are only eon- 
n‘pt rated lands and rwetioiu, the shear diagram is made up of hufisoidal rtndght lines. 
Fur those portions of the lienm on which there aie luiiforroly distributed loads ami 
ifaetionii, the «he^ diagmin is made up of incbnwl straight limw. The shear e^jpationa 

vx-rify these Ftateioenti?. ^ i ^ 

Moment Diagrams. Tbt‘ oidirtaltfS on ibfr mcjmerii diagram ropteaent the vaIUl- oF 

the bending mollKint nl various points along the beam. The portion of Fig- 44 

idiows such a dmiram . , . ^ 

It 11 ccmvcnient to adopt a convention for tbo #igii of Lbt? bendmg moment. The oii.H 
vwutuwi hcru used m to caleulato the algebraic sum of tho momenta of all loads and i^ 
aotioni to tho of any secliou. the plus «gn lioing givi-n to thi' oatTim-nta of positive 
bada and raactions and (he mimta iign lo the tuoicHmrs of i^gativo luada and reactiom, 
Plu# momenta, tberefute, produce cloricwise rotation, nniJ negntisT nioment4f eoiinter^ 

eli>cJr™e rotatiuii. , , a i v 

Momcot equations way be written for wisms portiona of the beani. tw the btwn 

in Fig. 44 ibn't' set# of raament cquAtiotia are necessary, as follows: 


From D to 4 ft, 

,V, . -l,(Mar 

From 4 to 14 ft. SfflX^ - 4)^ 

Af, - -l.OOOi + 2,400{^ ^ 4)-- 

- 3,400* - 13,!100 - 35ftc* 

From 14 to 17 ft, 

Mf - -l.OOftp + 2,400(s - 4J + S,60(K* — 14) — *00 X I0(f - 9) 

- S.OOOur - 83,000 

It wUI he fmnd that tor tho* pwtion* uf the beam upon which are acting only eon 
ojotnilvd load* and rwwtiaiis the moment diagram is made up of inclined slraighl 
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lipc^ wtiUo fur thmQ. purtjutu liavinj^ nciiformly dbitribut^d lottds End reaftii^nj? 
mnmfint diAgram h up of carrscl limatf- Th\* eciuEtioikj^ fnr ninmE!nl will vitrify 

ataUmentiffr UniformSy distributed lojula acting; down wUl producL- ouni^rHl lint^ 
for moDiont tb&t arv cHjnvE*3t upward, wbilp Lho^u ECtinjj^ up will protluct^ curved lincp 


which flje ctMivcx dcwTiward, 

PclAtiaDS betwaon Shcur ud MpmEiit. It ma he tshowu ^ that the rale of ehEii|^ of 
momcnl with rc^^-rt to j at any poiot in a twAin is equal to Lhii riheur aI that point, or^ 
slated mAthcQiiiticaily^ 


dx 


V 




Sinco dM/dx hs idopi:* mt any point on the moment diagram, it u evident tlint thia 
slope ifl ("qued to Ihn* ahear At that point. 

II thi:^ above oqtiAtltin in iinl€.^gratcd IwtwcL-n Iwo Umita of t.bd+ fullowipi: i!qiiatiuii 
results: 
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It k evident from thli oquatimii that iIh' i^.a of ihv- shear liiagmin between the vaim's 
cif f| End la k cquaJ to ihvi inEmmunt of uiiiim^nt N>tn'c<^n thif t wo sections of Lhe beani 
n^prcsenltd by n and tf .Vl| k tem at thnn the an^ of the shr'ar dkgriMti np tra 
y equal to tbi* luonumt at x^. Thcase rulatioUM provide a eonvoment mtithiHl for making 
check calculatirin^ for the monwni at any s^tion- 

M arimnm ShcEr End Maximum btomEALi tn- 
apcctldii of the shpar iliagFAm wilt ifhow whEru ihc 
greatest Wiuj of thi* sb-ar occurs, uliA tbk maxi* 
muiti vultio will bo found to occur noAr a support 
To dclcnuitHi the nuudmum and niimtnimi val¬ 
ues of mona^nt, it k uceesAAn,^ to set the drsl de¬ 
rivative! of mojTk’nt with n^speet to j equal to a^fo. 
But Tq. (04) has shovt-Ei Lliat Lhk derivEtiw of 
moment k equal to the sboEr. Henev it followa 
that the niaximuin and minimum momeuttf will 
orenr w'ht'n^ the kbcar is snro. Thi! poLats of aem 
-■dM'Ar may bt* found by an lii!ip4!otion of the shi«Ar 
diagram, ami it b then neceitaaj^^ to C!&ltu!ato tln^ 
\'alui>ji of monwnt at ihe placieE of lero shuaj-. A 
compariaoii of tbew moment VBJi4eB will di^lerminL^ 
which ifl nuim-Hrally thi^ grealeAt. 

In Fig. 44, the shear is xero ac H, and C. 
The muiiamt calculatinnfi show that the gn-aU^Al 
uirjna.<nl occuii! aI C and k cqud to 15,fXKl ft-lb. 

CuLbJever Beam. The cantilever beam, which 
may be buiJl ixito luaaonn’ iir concretE at the fixed 
end, prei»ents Enmo tuuqiH! fcatuiea which should 
lie dkcuAMAl. Flgujri,^ 45 showa e cantilever beam whiek projeeta 10 ft from thi^ wall 
and rarrie* a unifonnly diEtrihuted loud of 500 lb pc^r fl. Fur the tmrtion of the lieam 
that ptoji'eti from lla* wall, thi> moment equalion k AI * ir^/2, Aud this k a rnExJmiim 
at the Wall. 

Thi! portion uf the beam within the waU have bueli forEod aeling on it that the 
whole Uwm k 4u4d in equilibrium. If the i^'Um of the forces EJnii|$ the ^Toilca! k to Iw 

^ BotD' iP.fl nl ^IL .d., L^>f. StJfUIUi, "EpIitppvIEp tA MiECfiilai*' iD.5, 
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Fio. 46. CanrilcVBT Ijf^is. 
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fiL'TOj there euusl be artiTig u|*wju>i * lorav iw the 5,000 lb tlml nciA downwinJ. 
This b Bhrmit in Tig, 45b va a dbtributed force on ihe pcirtbn nf the Ims*uii w^clhin the 
waII, ind tiH" unit prcsmire b radh'tl p|. To bahmce thi! moment of the icwd with nwpn.'Ot 
TO tile niid-pQhnl of iW dtsUinre rf. then? mu»tt bi- aetiiig another e^nal aiKi opposite 
momepi. It b lu^unliy awocnaii that this inoineiit b supplit'd by forceji that have a IwiEar 
liutTibutioii m* Mht>wn io Ftfl. 4Sr. The mstilBanl dblribmion of forces on the portioo of 
thi- beam within thi- wdl would then be as ahowEi iu Fig, 45d. Htte the unat pressure pj 
would equal pi + 

Mith this diffldbution of forces, it can be shown that nmajnuiin moment wouUI 
really tsceur at A plight dbtvkre within the wbII. The maximum moineut, however, is 
juMuim.'d to eonu^ al the of tho wali, and thti iliscmpancy involved b amaJJ Ltiough 
so that It may be neg^wtc'd. 

^^uppose then lhal it b ihaured to di^UTmine the dblanee d uF thii tw?aro within llie 
Hall and tbal the wait b tnadt' of otiincfV’le atid iht'- bi*aiii b a st-4'el I btam^ If tbt"! niaKi* 
ni ufti momeiil diu' to the loads anil the lU^owable ujut for steel art*- knewHn th4i snu"’ 

of lLhl^ I Ix-am couid be determiiied The width of the nl the I btam being known 

and an allowuble unit eompre«ri ve strei^ p? for the eonefvte bcinjf assumed, it would he 
poFij^le to diuenuine tht^ distance d by nwwis of iht^ conditions of static cquilibriiim 
given abow- 

Assiimpdons in &emii Theory. Tht' uAfumptions that are iniule m the de^^dopiru nt 
of the ordinary beam theory and that are jiistifit-d by experirnent and Riperienee, are 
as folloH’s: 

L Cross section* of a Ijeam that plane before bemliiig are pW after lx.mduig. 
Kttim this it folkiwfi that the tensile and compresEi^t 2 fiber strains are proportLouat to 


t3a.'Lr diitfljiet^s from thij rieutral surfacc- 

2. Ijiyorn tjf fiber* in the Iwain are free to contract juid expand witJinyt interference 

fmm other luyorSv _ ^ i * t 

2. The niateriat nf tb- ^ll^am b homogt^mHius and wotropc and obey a Huoke* taw 


kt tetuaon and cotupix^ion, at leael up to allowable unit 

Figute 4fi show-p a cross feetion of a Liam and the dbtribution of the unit fiber atrvases 
on that cross section. The fine AH is a Iraw of the iwytral surface and b called the 
neutral axU If ihc^ fibt r strains we propt^riional to their 
dktaiiin>a from the nt'Utral surface, then thi- unil fiber 
sires 5 H»fl an? alio proportional to diftance* so long as 
ihc* elaatie limit is not exeK-ded. 

It can be shen El ^ ihali if the distribution uf unit fiber 
slrespcat b littear^ lu? shown in Fig, thsR tin- neutral 
Bxifl through the cirntrokl of ih*' tr&w section. 

Fiher-9tr«ss Formul*. It ^ 3 ^n Ije shown Mhat thi* for¬ 
mula for the- resh^hig iiit?iin*nt Jf at any criifi* section of a 

beam b iW li> ^f/e For equifihriuin, thb monvenl must lmlan«^ the 

bL^cding mommiE >f at ihe saim* Pection. The following euuation iberefon^ comu^ets 
hending moment and unit fiber stremt 



ti 0. -iOr I>Lii riliutiuR of null 
Mmses. 


.1/ 





In which M denulviF the tsHoJing motiunt at the siH:tiou of a ht am, in.-lb, a drenotcH tiui 
unit fitjor stress (leusile or coinpressive) at the outatde fiber of thr? section^ pi, I denotes 
thi^ mmoent of im!rlia of ihi- enws scTtion with reapi^t lo thi' neuEml axip, in, ^ and c 
deiirfcti+s the dblaor^c from the in'ntml aab to tlai uulsidi- fihi^r, in. 


I UfiYtf Had yoi>«. 
* lir.tTP «ikI Fill.*, 
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AlthouK^ tbii' ijxivi? fdmiulB liiw Nstti uitpreaasL'fl in tprms of the oiiit ^trese At tlip 
Sb^sf in ihs? ridw wwliqn, it P^y tn* uw^i to mlculiit^r any unit tfln?Ki at a tlk* 
tflpn? fiuiu tW m^utnU nsis- Tilt# foliows from th' fm*f thiit m*/^ \h iHjiiaJ in ^/f a# 
k»n(t a? tlu' di^tiihution of fiber stre^w » linear. 

The term //r irt Ekir -fifl) t** entirely dependent on the ithapc and mak of ibo rn^ Bot?- 
tjnn and la URiiaily ralkd ffrpfion pnadu/n^ or *Kiim ftui<fr. 

E4tiuiilon (tm) fhowv that the fiber itneni t ia fUrcelly proportiotiaJ to the bt^nding 
moment M nt the aeetion of the Itvom in qui-^llon and inversely proportionai to the 
Bection ino<luluH //c. For the ease of a beam of cotuii;nnt criii^ ieeetion,i tbe section 
modulus w^Hild idso be eonMaistg and the mn-xtninin fiber would oceur at that 

seetion the bending moim^nt if tin- gnsaU-y^t. 

WheEbor the unit stress at a idven fiber in the fttris sthetion nf a iteam is tensile or 
eorfipressive ntay he detemiinerl by the of the lienditii; momt^nt at that rrow seetiun- 
Consider a simple iNam puiiportixl at the end#. For such n beam, the hi^ndLcLa nujinent 
t» positive throu^oiil ihi- k^n^h of the bt-aju, and, wheti the hmm la-nds, the top fibem 
aFQ‘ In compriwion and the bottom one# in tensicin. Corudder next a caaliluv'iT beam 
projecting from a wall with tbe free end at the kdt. ^Sneb a beam will have negative 
t>ending moment throughout its length, and the top fibers will be in tiuimou and the 
htjttpm oni!# in compression, [t is evklcnt^ therefote. that in a horixontaJ beam., wWm 
thi’ trending mnm<?nt is posltm^ the top fibers are in tsompi^^on and the bottom one# 
in tension. When the bending moment, is negative, the top fibers are In temdon and the 
iKJttom OTUV in n^mpitswon. 

Moment of Inartiar Equation show's iJiat ll is deaesiary Ui know the tnmnent of 
lEiertia of the crocs section of a beam with fcs(wet la the neutral axis. The tnoment of 
inertia of an area Is given by tbe following matbemaiicaJ ei^pre^sion; 

/. - p/.i IT {e?) 

Ill this blegral, each eleiuentary ama mu#i he multiplied by llkt square of its dislanrt? 
from thi- iiL'tilral axii^, imd the producbi Fummi'^l up for the up|)LT and lower limila of 
tin* ati^a. The foruiuka for the tnomedt of innitla of scum* of tin- iiimpler areas nre given 
id Table 6u 


TaiLE fi. ov 1?£ebtia of i^uue Aaiu.#. 
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STHlfl&StlS IS PJIAMS 
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Whi'ii tbtf rorintiLvi^ f(>f tii^ niiJi^'Bt# tif im'rtia uf ibi? eiinpkir wtiwp kni>wnp it Ui 
poniblc to find tlao mopu^nt of iiiertia nf a compos to aupa by dividing it into emalJiTt 
Hitupkir oMvtm Hm* momcntfl of inertia of vhieh may bp ni^iiiputed. Figiirr 47 ehowf* tin- 
rrtiM KH?tlan d' an AnH-ncan etaDdarcl t^Xc^ 1 beam and ttu? way it 
tony be broken up into reetangka anil irtangk^ m that tin? moiOGnl of 
inc^nlft of the entire i^eetlQH may be determiru^. 

Pigtirt'' 47 alA> illiipLiiate# ibt^ ctt'fxl of the au-eidled tfariAf^ f^rtmuhi 
for cciinputkcii; the Eoutaent of inertia with niapeiFt to an mw tlwi 
n? paiaJlel to I he p-nlrcddHj axI». Tht' trniwfer formuk tnkm the 
followina forint 

/, - / + (68) 

in which I^ deziatew the moinent of im'jtia of tW area with nrapt*et to 
a para] tel axe* at a iliFtann^ d from the wfilrtiida] axiHn m.\ 7 denotes 
the momecbl of jrii''rfm of tht^ iwvn with repppet to the Ci^rUrr^idal 
in.^ A dcnou^ei the area, jn.\ and rf -denjotefl the diFtance from the 
eentrotcial axis to tbp other paraJJc! axiB, in. 

Streea on Partid Area. It in a%inetiiiuiP dcifiirable to detenniitr the total AltvrA on b 
portion of a ero^ sectian. In Fig. 4S, a portion of the ficelion hi ahowti ahochNl. 
The total on the f>hadeil area A" w ^ven by thii rnllowin^ fortnula; * 

Total Btreis oti .4' - - 4'/ (m) 

c 

in which d" denotai the partiid area, 9 deJiotiiB the tmii gtreae on iVi E!it|tur psd, c 
denotrifl the distance from the neutral axin |u thu* outer fiber, m., anii ilenoteft the dii*- 

tu.m\\ from tW neutral axil; to tle^ rcntrtuil nf 
partial area^ in. 

The re?i<iting mofiu^nt rnnlribulwf hy the stress on 
a partioJ area .4' is given by the following forrmila: 

Monwnl of strEwn no ^ - T (IDS 

c 

in W'hieh A\ nitd f have the fiikiao nKwiing m 
in Ec|. and lit^dntcfi the tnmnenl nf inertia 
of the partial an?a .4' wilh n'^pect. to the m^utral 
baIh, in/ 

Calculation will sh(kw that the upper and. low^cr C|Uafier9 of the crow wctinii of a me- 
tiuigular bi'Miii eonirihuto seven tltai^ nmeh resbiting monu^nt bk the I wei imu^r qiior- 
l-er^ The two innCT Quarters an* therefore n4Btively ineffirienilr for their lnolm*nls of 
inert Ea (ltu ifinidl! and tho unit stn^wpt'if on tht^tie c|uaJient Eire b1m> amall. Tliest^ faeU^ 
itnmediiilety PUjtgt^t W’hy the 1-heam shaiie Was deVeloptxl fur uleel heatns. For A 
given depth of iK^am. thi- nmnaMil nf im^rlia may be^ inrti^aiwd. by putiinp; thi^ material 
lEi two OliLstanrJing aEid Temoving thi' illldhlciE^Elt materia] near I he ru'utral axis, 

tn this Way, tbi> Fhingiw of aEi I iHram may rsiiiiTribiiteBs mnrb A5 jK^reent of the lota] 
resiffting oiuniE^nl rif the beam. 

Vi hen^ aa in t|n^ cah.^ of E!^I iron, the alloweJEh' mdl Bt ri*4^ Iti compritfla>Ean in much 
(fO'.ater than the allowable unit stress in lim'dun, it is not diwrabh^ to hjivc the benm 
symmstriral with reapeot to the mmtrid aacis. In sneh a it ia dewirablc to make the 
distance from the neutral axbi to the extreme compresrive liber flcvcTal timea greater 
than the distance to the oxtrome tomdle fibE!p+ Thia may bo BroompJuihed by using a T 

i WmriT uid Wabba, of CDtulniobiaa." Itt54, p, I-'ia 





Fio.. 47^ CifHfi 
Kftion of J- 
beam. 
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M£1€HA\IC& OF MATERIAL^ 

Bec'tion+ liAsinK tb? fltt'iu ol thi* T on the irompn^s^w Ali.€> juid tb? flnnse of iho T on iho 
tprwile Fide. 

Horizontftl Sh-cu in Btanifi. Tbf^ dipcu^on of shvnr dmicmm? htu$ mndo k ^Inin t hat 
transfvera^^ fXtisiA in a bemn. It i& not m uvkbnt tiuit longitudinal Hhi-ar h aUn 
present in beam**, althniii^ a previous disoiMdon hn.-? ^ihowit that, when a jsaiHlIetf^piped 
is suhjeeEod Id a shearing coupIc in the Iwo otkl faeeSn there musl also b- a flhearing couple 
in tbi top and boltom Cftees to hotd the ekti^ui in ec^uillbriiinL 
Figure 40 showii a Mmple beaju earniiig s unifcuTQlv sitsl nbutod kwtl. The beani 
is divided Into four parts^ and one of tiu'se ptuia k ^hown separately. Et m evident that 
at the rtuiter of the span there would he eoiiipn?sisiw fihf^rslrwsiw likirh would exert a 


v/vyy/y^//^.^/7777777i 

/ 

J 


4 




3^ 


FlOr Hdriiontal idifar m heiimj. 


hurizootai force C. tn Older ihnt this partioti of tha beam may he in equilihrium under 
the horizontal forciss, Lben? mujst be a sheaiinR force Fm acting to the right its sb^wn, 

/Vs an idual ration of the efFeet of honEOfitalshearing forces uis Lhe strength of a heain, 
two casei5 will be cansiden.d, one in which the load is carried by three sopatate boards 
placed Ode on top of the other, and the other a solid beam of the Rarae width and depth 
as the thiw? hoaida. CdculatioTui will show that the three sopaimte boards ran carr^' 
Udiy odiMhird as much load as the solid beam. In the ease of the ^parate boards, there 
is no longitudinal shd^ar acting at Ihe contact surfares of the twjards, while, in the eolid 
beam, longitudinal shoiar would he present. 

Lot Fig. 50 n-preaeni the crcMJ section of a luad^ beam. Lt can be shuwn that the 
shikari Uiiit Klicr® at any point in I he SEiction is givn-n by the following foitnuln; * 


>1 



i7\} 


In which 4^ denut4'ti tk' shi^dritig unit strew al m point j/ distant rrcim the neqtnij axis, 
psi? V denoUts ilu‘ total shirring fortv at the cross section in 
question, lb; f denntes the mEuiu^nt ctf incriia of the unt.ln- 
cross section with rpupiTt to thi' neutral axw, in h ricnoft’s 
the mt width of ihe cmwi stwtian at tbi- poini where is 
wanted, in.; A' duiiotL^ the ah^ hEnivo or Ih-Iliw the point 
where Sj is wanted, in.*; and ^^di''nntrfl. tho durtanre from tlu' 
ncutraJ aids Ui the centroid of A% id. 

Equation (VI) givea the value of the unit Irjuipttidinal and 
also Ibn unit transverse shearing ptress at any point in a 
That thii iff true is evident Jmm a pruvTious dlscussien of a 
pamllriepipcd ffubjectcfl to sheiiring forces dn four face^^. 

Variation of Shear Stress, II la cvrldiint from Et\. ETli that ir^ varica diieetly with 
r, m that Jj will be a maximum at that crosa s4H?ticin of the benm at which V h a nuk'd- 
mum. The place of maxiTnum V is moat rnadky determined from a shear diagram. The 
product AYn or ''ptatieal momenii” varies fur differr-nt pobtis in the croaa scetion. 
At the top and hottorn fiber of the Ihk pnrdiirt ia zero, m ihut n, will also be zeto 

there. The wTtlth b id the equation may be a vatiabli^ fnr ^li^Terent points in thi’ crew 
iwction, and Eq. f7i) show'z that a small value of b tendif to make s. large. 

» Botb uid fOLE. ^'Surnzth at Hlfa *d., p. 14A. inIsCuIni, ‘‘StMflEtL nf MiilwlaJi," p. Ii2, 
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For K beam dT n!diAxii^lB.r rrosn fieetioi5, / an4 fr aji? both coiyffAnt^ ao thAt the nmxi- 
Hwim ahiinjin# unit strcsfig will occur ut that p«iot in thu Aoctlcd for which tlie product 
A*^ b a maximtun- Thb h evidently at the neutnU Mb- HiihatitminiE in Eq. (71) : 


i2r hd* ar 

“ W* X 6 * T” 2W 


£72) 


Thb result iibowA that for the zi.-clanKulHr feM-wn tbi* mMiiutm unit alnwB at the t^utml 
axb IB 5Q percent pErcator than the average on the entire ert«w s^'Ctlon. 

In the aaice way, for the dreoliur erosB aectUin^ j^uNuituting In the fommU: 


*'"Tf*X2r’ 2 ^3^" 3 *f^ 


£73) 


This result indicates that for the; dreuiar betuo the niB^dmimi ncit ihear j^trom at the 
neutral asia Is 33^ pemml gjuatef than the avK^rag^^ on the fintire erofta section. 

For many of the mon' comftLon crow; steettons, the niMiiittlin unit Hhear cwcuin 
At the nc-utrai exis, hut this b not a! Ural's the c^‘- For the square in the pmitiou ahou n 
in F]^t. 51+ the maidmum stnw? qccuw at a distance of C^/4 from the neutml asns and varies 
AS Indicated in the fagun^- 

Shear In 1 Boams- Figurr^ niJ ahows the.variatlon of the unit shear JFtrtws in a loaded 1 
beam. The figure indimtes t|i»t the of an I beam contribute very little to the 

total shearing rc^i^tance of the craRs sccttoiL the unit shear sitrws is fairly uniform 

cm the tbi- usual pmeticc l» to ivianme that the wch of the I iieam ha^ a shear area 
visual to the full depth of the beam tiroea the thickiu'iti of the web and that the shear 
AfLTw^ id uiuiorndy distributed on lim aica-^ This k the assumption commonly ma^fe in 
the tabliK found in steel handbooks. 



Strength of Beains. The strength of a hcam b wasuied hy the load It can cany, 
and in determining the safe loads for t^eanm tht^ latter may Eh* classified as long and nhurt. 
Long beaiiLK are those in which the fiber determines the load, and short an' 

thoee tn which the shearing determines the load. 

The; foilowing t^le lists four common of loaditig, ^ving the maximum muiiH^tit, 
the maximum fhear* ami the load jw haw'd on fiber rttret^: 

Ta^ix 7. Some: Coaluon Cases or Luanixa 


Ijuading 

^tax!mlln1 

tnoment 

Maximo m 
shear 

,\Iajdmutn hiftd 
hawid nn 
fiber -5tro8E 

Simple beam, center load.... 

Flf^ 

P/2 

4ti /d 

MJiirottn load... 

m/8 

H72 


Cjuititever Wetn, eml Toad.. 

PI 

F 

s//cl 

uniform load-, 

lt7/2 

W 

2s//of 

! 
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Ftohi the lu«t ccitumT) in Table ?, U is evident that the -ftrtmgth of a bvam whea de- 
temiineil by fiber frtrpsg depends directly on the mi&giiltyde of ji niid Lnverady ypait c 
iMid f, MkJ uii a eon^ftaiit determined by the etpremigin for the maximum tmnt^nt. 

Whi.'ii the flafo Wl is governi^d by the ffbi-arin^E unit stress, il b oal posHihle ta wtitii 
n geiieral i^pni^on for the load^ esccept perhaps for soEoe of the simpler cases. For 
insfa^e;t^ in tlua aiist- of n simple bcum, uniformiy londcdp and of ri<ctao|rubj- erne section. 


and 



W 


12W3 



Types of Betm ProblemSr For bvajiui as well hjs for other structuml memherap thtn! 
are thnte Typea of parohlcms that the en^pniH^r b called npon to solve: (1) investigstion, 
i-tfr, di^termiiiLoR the manvimum unit lElresKes in tiie heftm iinti the factors of safety; 
(2) safe^ loads, ie., di^Lemnning the loatb that a bRam may safuly carry; nnd (3) desiKO, 
i^r, ikitermlniiiK the jw of beam Doccssary for carrying the loa^, 

Inve^iQfiiiifn^ 1: A lO-in. 3Mb jttcel I beam b 12 ft long and supported 

a I the ends. It canifes a uniformly dblributod loail of 1,000 lb per ftp iikcLuding ib^ 
weight of thi* beam, and a center load of 9^000 lb. Dptermine the fnelcw of safety. 

Since the majdmtjin monwnt for <yieli bad aopamtely will eotno at the center of the 
spao, the maximum moTEii^nt for the combination also occurs at the eeaier and is 


If 


PL _ WL 9,000 X 12 12,000 X 12 

T + “s -8- 


45,000 ft-lb 


From the handbook of the ^VrueFican fnstitute of Steel <-offlitniction, / is found to bo 
145.B in.* nieiit 




Me 45,000 X 12 X fi 
i ” l4S.i 


18^500 psi 


ff tb- ultimate strength of tlie autal ia taken as 60,000 pd, the faetnr of safety is eoual 
to 3.2. 

The beam will now be e3naiiitti?d for maximum ghearlni; unit irtrtfsa. It irill be ssfumed 
tlmt tile web of the I heani carrieg the entire ^bearing fore* on the area bd, b from the 
handbook being 0.594 in. The maximum V occurs at the jiupports and is equal to 10 500 
lb. Thiim: 

V 10,300 




bd 10 X 0.394 


— l^770 pei 


llie uJtimate ^dwariiiit strength of steel being taken at 30,000 psi^ the factor of safety 
h 28. This result indicates that th& hcain k tjidto mfe ngsinst Bhw and that the factor 
of nafriy far I he b»m is Lliat detemuned by filier •st res. 

Problem 2: A 5-in. by 3^^ by H-ol steel T beam is 13 ft long and supported at 
I he right end anil 3 ft frorn the left i^nd, the ftangt' of the beam being on top. The beam 
lorries n uniformly distributed bad of 200 Eb pi*r meludiiig its oivrt wTight, and a 
concimtmted load at ibc Mt end of 200 lb. l>etcmimc the maximum unit fiber atress 
in Iciedon and in compre^ion. 

Th^ hundbiHik show^ Umt J is 2.7 m.*p and the distancefl from the neutral axis to 
the extreme fibens are as sliow'o In Fig. 53. The fiMelions are first calculated, and the 
tihenr diagroiu dmiixi a# tdioim In ib@ figure. 






8TRES«^Ee IK mAUE 
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CaIcuIbUhr the moinentfl at 3 and at ft, the poinLs of lero nhiatr, n-e hav& 
At 3 ft, 

Sf - -300 X3-200K3X1.3- -1,500 ft4h 
Al S.75 ft, 

.V - -200 X 8J5 - 300 X S,75 X -J aS -h 1,050 X 5,75 - +S,780 fMb 
The unit stmBeei are: 


Al a ft, 


At S73 ft, 


Top fiber t 


Bottooi fiber i 


1,500 X 12 X 0.70 
2.7 

lp5U0 X 12 X 2M 
27 


5,070 pid m 
15,7^ psi ((7) 


Tt>p fiber j 
Bottom fiber « 


I 7B0 X 12 X 0.70 
2.7 

Ijm X 13 X 3,30 
2.7 


0,030 ppi CO 

15,020 pei (D 


Thift problem illuatralcA the point that, in a beam who*! Eimss seetion \s not sj-m- 
metiirnl with leepeet to the neutral axK the maximum unit eompreeMve and maxt- 



mum unit teuaiie strcsejscs do not neefSMrilir uneijr at ihe same cross eefftiom In Um 
ease, the maximum compresd^'i* HtnesH occurs at I lie holtom fiber 3 ft Imui the left 
end, and the maximuni tj'miMle atrois ooeuna at the bottom fiber 5.75 ft from the left 
rijtL maximum eompresaivf atresw occurs al 3 ft from ihfl Hi imd, thounh 
the monteat \b aumericfally smaller there, IwrauBe Ihv distatii?e from the iieulral axii 
to the is>mpr^v^ fiber more lhan oT^rbalaiicea the differenre in bending moment. 

Saff Loath. 1: An 5-inr by 10-in. DouRljwMir latam rrata on end supports 

JO ft apart and cairpes a unifurmiy diatributeti load iii'er its entire length. If the atlow- 
nble unit fiber sliws \& h-lOO pra and this allua^blct unit sdiear stusss is lOO psi, determine 
the safe Itnul for tlie lieam. 

The notmtuLl dimeiislotis of wooden beatna are UMUiiHy multifdiiS of 3 although 
beams 3 in. lu width are ueed- 

The artuiil dret^al ditxii>^nsbns differ in ijifierent loealitiefi, Injt much has been done 
to stantlurdiice them, so lluit dimetifliotis leas than 0 in. art? in. leas than uominalp 
and InTger dimensjocc^ are H ^ Therefore, seetlon moduli ^^Irl be based on 

actual dimemaona. 




















3-44 MECtlAXlCS OF MATEKIALS 

Since iht nk^imnni moment fnir thk londini^ ia the imfe iond hn^l on 

h m follnwBi: 

m 

S “ r 


Sinc< l/t (at s. JiJct^iiKle in td*/6^ ihtm, 

W X 10 X l£ 1^4<K> X 7.S X ».5= 
S " 0 


IT - 10.520 Ih 


II jTtwalteil that for n bi^m i\w mnximiim unit j^hi>nr nlrr^ in i\m-v 

hiilves of the av^rage^ the JHife loud baiied I 4 |n>ti tthear in wn fn^Jkin-n; 


SinH* V m ir/2. 




m 


LOO 


3 XH- 

2 X 2 X 7.5 X 0.5 


W = 9^500 lb 

These results shot^' that ttie afe load for the benm is gotTmed by the law valtie of 
unit nhaar ntteaii and B eqtisl Id !\500 lb. 

pff]fyii?m 2: A 104n. So-lb ated I biiim l-l ft long in ^^ppurled at the right €*ntl urn;! 
-i n from the left end. It (^rries a oontenlratcd lead of J.Otti lb at the left end. If 





the nlkiwable 5W Btnm is 18,000 |i^ and the ailcwAbje ehear etretu m 10^000 pel, deter- 
mine ilie additinnAl dintribulid Icincf per foot dvw the entire length that the beam eoukl 
safely carry. 

In Lhifi prtibU'm, the rraethins mufft be cnIeulataiL in temna of if* the unifarm load 
per foot^ and the theikJt diagram may then be Figure 54 shnwn the leactiona 

and the ahear diagmni. 

Solving lor the itositioii of nwdmum potfitive tnnmentt 

400+5,8i^ ^ 

j - ^--h 5.8 

w w 


llw iniucixnuiri nuimentj^ will t^oiue at 4 ft and at + 9,8^ ft. 
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At 4 n, 

- -1,000 X 4 - 4ut X 2 - -4,000 - Sir 
At + 9.8^ ft, 

-h £L400 + U.Su*) f “ -h 5.S ) - --I,e7S + S.Sitt 

' \ w / w 


On ihp bou^ of fiber frtrRja^ induff 
/ id equal to 145r§ in.*: 

18,000 - 


ihi' lUAxinuiTH negative mojiii?qt 

(4, 000 +Snr)l2 X5 
i4oM 


and Holing ttiai 


If =■ 4rWT5 ]b per ft 


Using tbe ma^dmutn poatlve moment: 


18,000 


r 80^000 



12 X5 

J48S 


tj? = 5,100 Ib per ft 


With TP uqiml to 4,075 lb per ft, the Iwni nuiy now be iuv'estipiied for shear. If w 
IS kaomrn, the numeiical value of the ordiiiatet^ on the abfitkr dtai^m tnay be found. 
The nutximuni arJinute is positivT ordiuftlc at the left support and is equal to 
20,200 lb. 

S^inee w V/bd aud b = 0.5fl4 in., 


9* 


251,200 
10 X 0 504 


4,J>30 psi 


I'his unit stress h less titan the allowable unit ahear and ihe roneiiiidoii may 

bp draw'n that die safe load for the beam Ls out governed by &bfflr. Tisp itnfe loaii is 
that dcU-rmined on tlie boaia of fiber Btr\^ ut thi^ maximum negalive inoirMUiL jtnrl 
ia equal to 4,975 tb per ft. 

PrMem 1: A Doughia-Gr lieain » to be of nTbinguhir AHilwn^ 12 ft long, 
supported at the ends*, and us to cany n uniformly dblribatiid load of 600 Ih |fp.r ft- 
l>elermmc the of the ben m if Uie alhm'alde fiber stresa k 1^+00 p® and the nilowablo 
shear stress is lOO psi. 

The nmxitniiru muDaeDt eeeuiB at the: renter af tbe dpan and i» Iff/S. Thejt, 


and 


a 


1>40D 


r 

7,200 X 12 X 12 X a 


557 


SiniM; both h and d are unknon-n, the problem niay be solved by triid'and-error methods. 
Kurthi^rmore, mnt'*'- a lietiiu iif reetnugubir sertion ia mtich Htronger with the large di- 
memsion of the Ihiiiu twed ob the depth, il is drasimbki to um? the iHTiini in ihla petition 
from the abmd|>oini of eimnomy. 
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tf gt b^'Am 0 in. by § in, is triwi^ txP ** 384, nhitrh ik too ktiulIL For nn S4n. by lD4ii. 
bc&ni, ■ 800, Vk'ineh Id itmpb. The eictuni JrL'SSi.Hi diiudtudoUA af ah S-in. by 10-Ln. 
beam are ?.5 by 8.5. Thk nisk^i » (>77p vhirh is atill ampk. An 8-in. by E’ln. 
AqilATf! beam 'm found to bi: too atnnll. 

The S^ui^ by 104fi, beam will now be invt^tkgatinJ fur 

3r 3X3,600 _ . 

“ 2W " 2 X 7.6 X 0.6 “ 

I'Lk unit stnsa is Itaa tbaiii the aUownble shear stress, whloh Shows that ahsaj- Uoe* 
not govern the design. 

FrtAtrm 2: Doterroine the sire of an I beard ibnt would safely ea.rty tin* bads ihown 
ID Fig. 3^, the allowable atnaiicH being 13^000 pei fiber atr^ and 10,000 psi ihmr utress. 
The nu^i-miun monient for this b^m waa loimd to be 1,780 Then: 

* « ^ 


and 


18,000 

/ 


1.780 X 13 Xc 
/ 

L18ia** 


Tbe tabli^ of propc.>rLicfi for etwl I beams In the handbook show that a 3-in. 5.7-lb 
1 beam haa a section modulud of 1.7 in?, wMeh is ample. 

Tltvn bimdi will now be investigated for ahtar. Figno? shows that the maximum 
dlioar occnra at the left support md it eqimJ to 1,150 lb. The above 1 beam has a wt>b 
thieknen of 0,17 in- Then: 

ijm 

Sinev thin result b liiss tlutii thi* alUnvable sheu- sIibsh. H b evi4>nt that 
not Knvurii tliL< ijiaijxn (««« Section 6 for further truUment of atwl bEUins}. 

FAILURE OF BEAMS 

There is u distinction to be made betireen the rulatinn of toads end unit slnseses in 
the Esse of bojuns «B eoQiiMrvd with the caw of bars ioudud in Mini temnon or compres' 
sion. In both ceMtv when the unit stressas etc within the elaiitic limit, an inci^asc in 
loed produceii the mme pexeenlage of uicnwc in utal strw*. When the claittic limit is 
i^eeLilDd in the esw of a^ljr landed bars, an increase of Toad still produces the . n m ° 
I>crnnta|te Incfeaw in unit Blrrast for tha oi^inal aren is used in cnlcuhit injt the unit 
strew. In beam*, the caicuktian of the unit fiber stnw in ibe beam fonnula awumea 
that a linear variation of unit slivag exists from the ncutml axis to (he outer fiber. This 
is tnnr for stresses within the elastic bmit but is not trui' when (ho chutic limit is loteoedcd 
Hence it follows that after the eiaatic limit is exceeded, an incresao of toad does not pm^ 
duce the same percentage of increase in unit rtresif. If the heAn formula is used to 
enisle the unit strtw after the elastie limit is exceeded, the calculated unit strem wHl bn 
higher than thn true stmas that extsta in the outer fiber of the beam. 

Modulus of Rupture. The name modulus of raptmv has been give^ to the unit stresa 
CAleulatod from the beam fommla * - Ife//, wh,>n the bemUng mnmenl used in thn 
formula is the maximum bonding moment Wore rupture. Since the variation of unit 
stn>«s iu this ease is no longer tiiuw, the modulus of rupture in reaUy a fietitimis value 
wUeh is higher than the true strum aetuallp pruaent in the Wun, In spite of ibis fact* 
tln! modulus of mplure is ralrutulud in beam teste and serve# mow lUBful purpias'# 
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Fm^tpr af SiJQty^ In n^diJly loaded borp, Lbe factor of BaXety will be the same wb‘lh*T 
ealnjiatfwl by dividing tbe ultimate Icmd by the workinj^ laid or tbe ultimate itreogth 
by t>fce working unit rtrw- la beama^ the foetor of safety will be the safue wbfitber thrt* 
liltiiruitc iomd t§ divided by i V working load or the moduiup of rupture i» diviikd by thr 
warldng unit jitreas. Howewr, if the true unit irom'4q>iiodin(t to tbe imudnium 

nionn-nt wxin* divided by tlw workitig unit etrv^, the fartor of safety would nol bn the 
Bome 08 that bsiMHl on the ratio of kuMli- 

Ums of Hodului of Ruptureh Thf! Fom^l Produeta T^Aboralory of the ir,S, Depart- 
iin'Ot of Agrieultute Imp found the moddun of mptum useful in computing the ultimate? 
N-oni strength of vafiuup ajveies and gradi^n of wood. 

If a laboratoiy' U-pt h to be made luid fl b tk-iured to detormme a loadnieBeetlon 
rurvo plotted from 15 or 30 pdnts;^ the modulun of rnpturc! ia ui^t^fuJ in. raleuktLng the 
prohiibhr ulmuate load for the Ix'Ain, The incTnnwxilp of toad to be itnod during the prog* 
ress of the test would then be knoua. 

The itiodtUus of ruplurii is usiifut at&o in determining safe unit niTV^ta im the dt^gn 
of beamj*. The modulufi of rupture divided by a proper factor of safety w quid gi^in the 
Alinwahli^ unit jstr&es. It will be shown, however, that judgnwnT miiot be e^rdBcd in 
this Mvw, for the aaraji' material may j|^ve various values of modulus of ruptuip dept^ndiug 
cm the site ftnd shape of the beam. 

FAllure of Beams, When beams made of a duetiJe male rial like structural Keel are 
tested to fadure, the fflmss distribution wUl be about theume in teiuion and eompx^*sKiun. 
When the yield point la reached cm the oiuter 5bnr, the beam may be said to have rail^fd, 
for under inereaeiiig loads the beam Hupporlji the loads for a abort lime only and then 
gradually deftcct^s uodnr the load. The beam eJoiia not aetuaUy break in two but beeonu^ 
lnadequ£te> hecauiH^ of cxeessive deflection. 

Thtft type of failure of beaiuji mode of ductile material luay he considored the normal 
way in which they fail- W'beri beams are made of a nutterial 
iiho strueE ural steel in the form of solid I beams or built-Up 
1 beams, U will be shcnA'n later that there am sev^mJ other 
ways in which They may fail. 

Fiiluie of a Wood Beam, Since the ultimate eompreaaivo 
unit strifes of wood is le^s than the ultimate tensile stres^p a 
wood beam wU! start to fali by the fibers buckling on the 
ooEupn^ion Kdi% Aa the load ts Lnereased, the neutmJ a%ia 
gradually shifts toward ihv tutufile side, m au effort to keep 
the total ttiLBion on the cfiua aeetion ouuaJ to the total com- 
prcBsion, Finally the temdle fibers reach their ultimate 
strength, and the bi^am fails by nipturing more or less 

violently. Figurv 5S .Hhows the probable distribution of fiber unit fitn«w in a wotKl 
beam when failure fjceurs. >^hi:ar failure of beoimi will be dbcuwwd later. 

Failure of a Brittle Beam, For brittle materials like eaat iron, concrete, or hrickK ihe 

jmjucinium unit ti^nrili^ Krength la much tfnudhT than 
the tOinpresKvT strength. Whi^n the masimuin unit 
tensile stre^s^ in Ixsams of thw materials rwurhe^ ihr 
ultlniate, the bmim’ foil by cracking on the teiirilu 
sidcp anri the faibim is a more or Iw shatiering fail¬ 
ure. When the i^ljiaULc limit in tonidoEi if e^teeeded, 
the neutral a«is begiiis to ahifi toward the eomprus- 
sion ride. Figure 6fi sdiows tbo probable distribution 
of unit Krifas in a raat-Lron boatn when failure 

Fm, S&, Stream in a ca&l-uxm 

beam at faiJure- Effect of Shape and Siie on Modulus of Buptura. 






Stiff 

FlO. flA. in A WfMHt 

bootil flt frilurt- 
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MECHANTICS OK ^lATERlAL^ 


Many teFtff nn vcuitauB mattiriciii^ havt“ Fhown that bdtb and mir-. mny innin^tiDc 
tlie result Qbtn.ini*4j fat' muJuJua af rupEiin^ in a beam tent. 

TeslJ^ on wooden bca™ by tlie Komi Products Laboratory * Lndiimle Ihai a biumi 
of iiocreai^ing depth hn^ a infMluluji of rupturo whleb b smalltT tboji that for a l>enin 2 In¬ 
in dcplb. A beflm JO in- htiil a niululov nf rupliin^ wbirh ftw 91 poreent of ihat 
For the MmallcT In-am- 

Tho i-ame laltoratoEy' ^howt^ij ihnl wta'ii thi' ghii|PL- of iho eroes motion of a itoodon 
heam It$ in the Form oF a T, I, hiyx^ or rotitid, tntKlului; of rupturti b differcQl fioiii 
that for a ecinarc^ beiiin 2 in. by 2 in- in erusi lH.H^tiu^:- Tbi^ 1 imJ bo)L aeotioius had moduli 
of rupture wMdi were only about 79 perpeiit of that of tlu’ ntaodatd 2-i±i- by 2-iJi. 
hputn- 

Tfflrti* on earit-iron beanu* have shimTi * iLat thi! tnotlului^ of njptum b sioraewhat Iejm 
wben the span ia Ineneaded From 12 to 24 in- Abu, tiirtg on Ru?t-iron tn^anw of varimiif 
tihape^ hut of about equal enw^ctional area ba%T fihown * valuer oF ititMluliu^ of rup- 
tufi" varying from 18,909 to SS.illX) p^i. 

The praEti™] ooncluMon to he drawn from the nbove tcMs b that the moduluB of rup- 
tun.f dj'ieimined From the ^es^ltl5^ of testj? raiL< he appli^ with judgment. The mnxlulu^ 
of niptnre deErrmiiied for a certain akaterial may be appropriately uawi for aimilar 
material in beanm of the rtame ^hapi^ and Fnae hut may not be at all appropriate for beam^ 
of dilTenent ^hapu or sue. 

Shear Failure of Beams. Uiileis beams are relatively short, they do ddc usiiaily fail 
by shear. wood is a material whieh is particularly weak In \^hs&r along the 

grainp and it foliowa that wo<xl beams may fail owing to the fact that thf; hoiiaonul 
unit fdtear in the beam rx^bes its ultiinate streogth. 

The fomiubi for the horuontal unit $diear in a beam was derived on the HJMumption 
that thit^ vatiation in the fiber-Ptrtii^ distribution on the ertws aeetloEk was liiuiar. How- 
evtr» in many caaes, the plaoe of maximiijn unit shear stress in the beani^ ucEurring^ aa U 
does, iw'ar thif snpportt'. will he at places where the momecht may be jvlativtdy mmll, 
aud the upii fiber strt'saes may still be wHhiu the elastic limit. In sueh caaeiA, therefore, 
the formula for thi^ unit slu-ar ^refM may still J-te appropriately ujsod in calculating the 
ultimate irtn-ngth of thi' beam as based upon -“ihpar. 

Failure in Compression Flange- 8(^vfnU of ilu' mure almormal typia of failure of I 
will now he disetiwe^i. When a lienni of Ehia kind has a comparatively long span, 
m that the ralb of the h'nprh of Uie- comE^i^'Hriun fiatigv tn its width b large, failure may 
tM‘ due to Column action which cau-^^ tbi‘ cutnp^7^f^on fiange to buolcki laterally^ 

Tbi! AmerfoaEi Tm-iitnto uf .HEwl Ceii.Htmeljon hamihnok use* iYur follon'ing fonnuta 
hA a criterion to In^TsliBatt' thia bi^huvior^ 

12,009,000 

--^ {74J 

bt 

in whieh fe dennicK the ^e eompressivo unit flre*s due to column action, pai, f deiioU^ 
the length of the unbmeed compres^ioii tlange, in., d deiiotos the depth of the beam, in., 
fp denoti=^ ihi^ wuJth of the flange, in., and I denoEx^ the thickniw f}f the flange, in. 

This formula * perndls the use of a unit Bhvr sIttcss of 20,000 pHt, the ordinary ntres* 
uwl in bt^am di:^ign, for voluiw of id/hi IKKI nr less- For values greater than EiOO Eq. 
(74) (rises the oliEiwahle unit Htn*«i that jihouEd he uwd in prevent lateraLl buekling of 
the compreftdon flange- 

i MEid TiLiLwaii. CMnin. R4fL lai. 

^ Matwiw*. /V^. ASTM. IPlO. VdL ID, [K wa. 

^nuiAMlN. Mmy, IS06, p. 137. 

* Fw d^rinliba ol th» fwinula CWMlIt A SCS, ^tamber, IHO, 
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hj Web Buckline, ll Iwi-ii phown <in p. ^ 4 thal j&ei elf'HM'nt itubjectcd 
to (ihi^rkit unjl fflnrwifl clewJop^ a rotnpri^VL- unit stirsw on a 45* \\el\ which in 
to thci niwariti^ unit stresn. NtiiiF the nuppe^rts of an [ boani^ UirrE‘fnn!!, thcfte comprciwivu 
unit Elre^H,'* in thi- web may cause the web to fail bctin'en the flanipa uwing to coiuron 
action. 

The American instil uti* of Steel Cotyttruelion liandbook usee the followiria formula 
aj9 a eiiterion to mvcaligate this bi:havior!: 



in which danolcs the safe unit shyar sti™, pni, h «ieiinU‘a the rltai heigbi betwivii 
flanges, in,, and f dinutea the ihichnc-ss cf ihe 
web, in. 

When h/t is 70, this formula ^ nilowji a vftjTa' 
of s* eciiiftl to 13,tKH) p?i, the ordintir>' valiw' 
liaeoi in bt'am dejd^i- For valui'a of h/i greai er 
I ban 70, the ptiw is reduced ucconliiig to Eq. 
f 75)- For plate prdom, wbun h/i is gi\;ater than 
70, intermediate stifTeners art Tcquited. 

faihiTe by Web Ctipplinfi. The third way 
in which an 1 lieam nittv foil by ealumn action 
vn at tho Hupporls or at points of (xinwntraied 
loading. Such loads may rauw the web to fail la Iwwii Uie fianRt'* becaujH^ nf the large 
local cnmprcKifivc uiut stress. 

The American IniilUuto of Steel Const ruction bandlKioic ibe following formulae 
to control this action (set* Fig. 57): 

Maximum end reaetion * 24,0tl0f(d -h^:) iTh) 

MaxinLum interior loud — 24,000f(ni (77) 

b which f denuies the thick iii'as of the wt b, in., k denotes t he dbEaiice from ihci outer W 
of the flange to w'tb toc of flllel, in., 0 dt^tioies len^h ol bearing, in., BI^ 0i deibOles 
length of eonci'niTfltetl load, in. Tht^ unit compre^rive str™ of 24,00t) psi is noi lo be 
ejcecediid^ and when nccessarv the webs of 1 he heaniF should he reinforwdi or t he lengt h 
of the bearing ineEtrased, 

BEAMS OF UWIFOEM STRENGTH 

GeneroJ Principles- A wry common dL-#ign for macblEit^ aibd PErueiiiml part# llial 
are aubjeeted to ffexun? ia to msUce thi-m of approximately untforns ptrrmgth. tn the 
Leami! ditieuaiiiMl tbu.’i Tar, the cross s^'Ction has hw?n conataiit ihroughou* the knij^fi 
of ibtT heain, whik? tb' ma.ximiim til» F nnit ytress in a eantilcver, for instaneti, would 
occur only at the fixed end. Ft is evidt nt, ihcn^fote, that ibi^ cross #cetion# at oihtir 
points along the kngtli of ihe Ix^m am larger than iacesttir>% In a hifam oF uiiifonti 
(ftrength, the maximum unit fiber stress ut nny Hwiitm is kept e^jnstaot, and ihi^ eru«ft 
section is vorieri in adse according to tbc reuuiromctitfl of tFa^ hber-stti’K# foriiinla for 
bCMIkS 

€ « 

Some Common Cases. It will EuHicienL to illu^^lrate Ehe principle in iwanis 
of imifnrm slrnngth, by <luH?ufieitig cant Hever Iwainn of rertangular cru^ section, onrryuig 

^ For derivnUim. of ih™ farciiile copiult rriTwi. toL JOl, p. 057, 
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the mnnf comiuiiati laaiJin^. Fif^nr S8 inppreaenta a bpam with & 

IcMid P at the froe end, and the diusaign will be buiod ojj a cfow liuctian of cdUfftaiil width 
Mid var^-mit depth. 

The bendiiJK piqiheoL on way ctow section at a ai?tancc x fnjni P u Px, and, according 
to the hbcr-Btrewi fonukilii fnr beanui. 


Fs 



a 


d > 


mB 


m 


in which t denotes the allowable fiber stn^sa, pd, d danoUM the v^ing depth of the 
beam, im, B dcnotei the witrtAnt width of the beam. In., P ^icnotca the concentrated 

IomI at the end of the Ib^ and x denotes the dis¬ 

tance from the free end of the beam lo any ctqbs lee- 
lionn in. By aiv^i^kin^ variotw %'aliua nf x in Eq. (7$) 
and eoikiputiqg the depth d, the pnatk of the beam 
may be determined. 

For the beam jiM dwussed, the depth at the fit?u 
FiOr SS end might be Eero an far as bendiiii^ njonaunt in oan- 

cenied, but this is not the caae if nhear in la be pro¬ 
vided for. For a n-etansylar crees eection, the maximum shcarittg unit stream Occam at 
the Eimitral axiii and in equal to three-hnlvcn the average, or 



and 


^ ZP 
2A " 2m 



m) 


The profile of the beam would therefore look like that shown in Fijt, 59 . The noLeh 
at the free end couki be retained, or the profile could be made a imooth curve. 



no. 59 


Fic. ttO. CcmwDtrated load- 


Fifuren liO, 61, and 62 thaw other profiles of cantilever beamn of uJiifarm ertrenatli 
badt^ in vaHottn wayii, * 



Kio. flU Uniform load. 


Fja, fli2:. Unifertn load. 
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for crow sectionH ttiiich niuct cerapticaUd than tbi.* rt-ctarkgukr, ii in pmajhlu t* 
cleU-'nniiiis a hetm of opproMimately iiJiiform atrcngtlL Tbu formuJa for Eber ntr^rffl ifiav 
be? oppliiL^ at every half foot or every fool aJoPS Lbc length of Ihe beam, eDou|;h point* 
billon Ihua Impaled to determine the proEle of \hv hwH. 

One of ihiy cafiunoneal cssi^ of bcaJiis of approximately umfarm flreogth in Ftruetursil 
^-iirk tfl the plate li^rcter. tn a plate girder fupportwl at the ocda, the dt^ign at the Hip- 
porlH would be governed by the ebear to be provided for tbere; at orber pointa along the 
the fiber would govern the deaigii. The u^uid deaiipi Eiipaiijtji of a built-up I- 
bcftm t^-pe, a deep plate being uwd for the web, while the eouaist of angle ist-r- 

tiniw. Aji the mepipht inereaR^ tnwanJ thi' eenter of the ppan^ additionai phitea an? 
provided al ibf lop and bottom of the beam. In order that the value of thi* fihtir stm^ 
may out ox<?eed a predetennined value. The n^atill \s a dengn of approjdmatoly unifonn 
strength. 

BeBecdona of UnifonUHjtrength Beams^ The giiueral jubjeet of of heame 

will dbciisSL'd in nuereeding; piuwgraphs; it t* the intention now to mention hnefty some 
matters that arv of intoresrt in i»miection with uniftirm-etrengtli beamSr 

A caniifever homo, of ronaliuit width and vaiying depth, earry'ing a eoncentrated 
load at The fmj end and dealj^ned for unifnmi atn-ngih, w4ll have (he «imi‘ dimetiHonfl 
at the fix 4 .-d end aai would a beam of constanl ctorh r^ion. A l all other sections^ however, 
ihp diniensionn n-ould be EnuiUer for the imifomi'Sirengih beam. The result b that such 
a beam, having material in it, will be less stilf than the bcfim of eomuant eross section. 
Table S gives fortnulna for the maxitnuiii deflect iom of tsimple and nantilever lH?anyi di*- 
aigiiLtl for UDiform HLtvngth and ram-ing some of the more eemniun loadings. In ihi^- 
table n dennjtee thi 3 luaxliiium deBoetion in inches, P (ienoLea the Itmd on the beam in 
pouiuia. E denotes the moduluE of eWtieity in teiiHon and comprewiun in pounds per 
jsquiire tneb, h denotes tbe maidmum famadth in Inehi.^, d di?ooto* the maximum depth 
in inebes, and I denotes the Icngt b of the beam in Inches, 


TaiUi S. llEFLgCTtClS OF ljSIFQRM-&'mESUTH BkahA 


Kind of Loading 

L. Simple beam, supported at cuds 
Concentrated load at center 
Constant breadth, varying depth 
2- Bim|ile beam, supported at ends 
Coneeiitmted load at center 
Cdiutant ikptht varying breadth 

3. Cantilever beam 

Conwnlrnted loud at fnw end 
Constant breadth, varying depth 
4- Cantilever bc^m 

Cnncetitrated load at Free end 
Canstaiit ilcpth, varying bri^aillli 


^fa.ximnm 

Deflection, 


tf 


tn. 

JL 

2I^E 



3P /t\* 

.." S-J? w 

HP /K* 

.^ “ fc£ \rf/ 

/K* 

' .W 


As an example, 
strength beam w 


take ease 3 in Tabb S. Ttie maaimuni di-f1iM?tlon of thi^ uniform- 
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TbL^ tiipJciiiiLitu duSuctiuii raf the flttfue \wiim whi-ii of eotiHlHiil titotx ficfijoii thnnufhmit 
its leiii^h waiild 

12in* 4F/l\* 

^ " 3E/ “ “ if 

Thm' twit he&fii^ w4mEd have the same iijmi<rLfioiiA at ibc &ced f nd, and the shows 
that the beam of untform strength would dufk^et Lw 3 a' as murh as ihi- beam of constant 
cmew nectton. 

In deriifiog equations for the mmciiutmi defli^itbn ol a lieam of mufonn ai-rength. #ueh 
as these given In Tabb 8, aceount mml be taken of the faet thut ttu* moment of inertia 
of these beams is a variable and muat be ej^prea^ in terms of x. 


DEFLECTION OF BEAMS 

For many case* of loaded beams, the maximum defk^tion uf the beam mtWr ilmn 
the ma^mum unit stress governs the di^i^u; and^ in many U^am probhnis, it is de- 
sirikble to be nbb to calculate the deflcetion. Mel hods Lave therefore hwu developed 
for d^lennining tlie equation of the curvff, which its the curve that ibe sxh of the 

beam assumes in the deflected portion of this beam. In developing the telations exurt- 
ing between the bending moment and iho ehistie ctirvo, U can be shown * that the 
following formuln holdj?: 

^ (SO) 


in which ^ denotes the radius of eiirvature of the ekstk cuix'o at any point, in., .V/ de¬ 
notes the lumding moment at the same point, in.-lb, E denotes the modulus of elk^tlrity 
in lenflion ami wmprwion^ pid^ and / dunoli's thi- momiint of inett ia r^f the ennss? mdion 
of the beam with respecl to the nsutral axw, in.* 

Equation (80) ii«?ful in determining tk* fiber unit stress in aueh problems m the 
Ijondiiiic of a band ^aw over a wheel For thh catsup since 


then 



(Bl) 


Eqaatian (81) elM)Wi» thut ttie Bbej- iti ihp paw may be HimiHited wJwn the nuliUK 
of tht^ TThp-cl and tbu thiekiuna of the iiaw an> known. Jn th» cw, R wouM be the liu.- 
lancc from the eealer of thi? wheel to the neutml nirfare of the saw. ana e would be the 
half thlckm^ of ibo saw. 

The general equation of the elantie curve of any loadiid beam may U otatained fnwi 
the following formula; * 

(82) 


In applying Eq. (ffl) to a epectEc case, tbi> hending moment .1/ will uRuallv not he a 
constant but a fiinctinin qf *, Since ilf haa hwn exprivsed in temw uf z, the ia 

intcgraiea twice tq obtain the M|uation between f and of the clnatie eurve The 
double integralbn will involve two camniutle of inuijmtion. These eqiutanta may be 
determined from known btnjndary conditioiu of slope ami dofiretiou at varioim p^Pi 
in the tieiun. From the general equation between at and tf, I Ik- lOMimin n defleetjnn 
may hv determined. 


I uid Folk. ''^Cirujith of MaEfruii.^ e<U D. 157 . 

* Bora Miid F^lil ' 'SErv<isirlli □! .%UE«Tift]i;' mit j 


Hejitkip, ’"SirwytLli uJ Mptwtklfl,” 
ikNQXM. ikl "■ 


Tu 137, 
[ 1 . 170 . 
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In mutg Eq. (S2)| M b given sign &ecordin|; to tl!ii! convention adopted in tbo diA- 
etlB«iD£i of miimcnl diaipiimfif on p. 3-35- InvcHti^tioii mil show that thb CDfiveiition 
for jsjipi givt^ M the eormel mnthemfitiFal m thnlf when the Btconii denvmlive b 
minuis jlf hjii* itfce minuii idjfti, ond^ when th? wonil dcrtvative is pliw, 3/ hjot jlie plu? 

flign. 

Uoment^AraA Method. It can bt* nhnwn ^ that the change of dope between two 
point# on the olaatic curve of n W^mn b given by llh> foltowHng i^nation: 

1 

That bp tfcu? cliangc of jilope between twa pointa b givx^n by the firt-a of thti Kending- 
niynwnt didLgmfn bedwe^^n ihenip di^'ided by E/p \lw ercHW-ir4'etional art-a at tbi? boani 

* TLe lib# .t ^ oF Fui^ Xc^ nivnMELtiA a Inrthih 4|( Lfat dmittc cutw uf ■. CUrjiiber La IlcLxurr. Aif f U*tuctil4iy 
litnsdi ii* of tJi^ iriiiini.'bH' la anDlrra liv liifi' fisurr. TI14 anjls bnt^wn ndil Al tbc* of ni* ii dffq{»t4d 
by iAL Thi« liniwr djtfoETUjitiufk iiF # hbit #t a dbtui:^ c Ftviiu Ikr Jieuc^ aurfoK b t dt, ajid ihc laaii 4$^ 



FwiTiAikHi af the HIM flte? b e dtfiiM, Tlw iMlU itffwa hi iht i#/ - hi wych .If il Ih* Mutiiif 

BMpcni vid / Ui« noniMit ^ En-gnls of Ui4 MiKtkM. 

■HinfV tibft ALoduliji of djuljcLEj' b tbe imtiQ qf uniL itnu Ui iulLI dEdDiinuAlJdei, 


fms wtikb 




Ja # WtLtndaLsiMHi hetun. ih* cu-nfiHajTV Mpd ■ui^t. tJul iLr lOMy ba luhihtUtHi IteUmmI 

IJpOMlailif *rKtT. 


Jf ^ 




Jn fW miM utdiimtei EDCHliml bcLiprvni tlue rllCk'^D A*f &bd: ihr Lidb paUtt hfitWiid] 

fcfid fi" rvpfwmti. Ml m- ■ciih'. tlu’ wocfwn In ihp nwinlwp 4^* *1 thftt powl, divided by &7; w‘ A*B*n*A' 
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MECUAKiCfi OF ^'TEATAUS 


being constant in thla If the monaent of in^rtui Ip not conetont^ the lu 

plope ia eqtiik] to the um of thr If/ / dipgmm. diviiled by E. F^m n pdnt af xem pSopo 
to any other point, the aj™ of the bcmcliEig-momfm dLn^ni, dividccl by Ei, ip oquiU to 
the nrtual slope jtt the second potnt. 

It enn ftho be sbown tbpt the diffeK’nee in deHectiDn betn’cen tiro points on n beajn £0 
given by the folbrrinfi equation: 


Equation t S4) rvprwiit^ the defli^ctfcaii &i x* from the tangtnt nt Xu when the origin of 
e<x>rdin&te 9 is taken at ^ 1 . If the aleipo of the dmdic curve m aero at ri^ the fomiiilA 
gives the actual deflection of the Iieiun at Ji- The integral In Eq. represents the 
moment of ihe tieadJiig-maiiii-tit duigriun from n to x* wilh rmfpect to xj. 

Aj a sample emmple of the mument-jiiTa miMboii conMibr the of a conoeiitfatod 



foai) at the cPsi of a cantUever baain^ as shown in Fig. 63 . 
Since the sSopL=! of tbeeliiFlie curve w ncro at the wall aivd since 
ihi' attift of the moment diagram fg PP/2, the slept- at the ffw 
end of the t>PAm, according to Eep (83) if 




pe 


Also, tbii ceotroki of the moraenl diagram ip at two-thirdf 
of t from the free end, and the moment of the area of the 
Fio, 03 bendiiig-tiHinient diagmm with respect to ihe free end of the 

btam iA PP/2 times -I /3, or PP /3. Thcn^ according to Eq. 
(84)^ the duOection at the freo eiiii of tbo beajn, since ihe plopo is sero at the wall. Is 


PP 

t^Ef 


ii \h* 4f /Si difkinm to‘T tlw A fl, 

nttt of diagnm U f 

rft 

tfaa e&kdiic tatvm al A Uid ^ ti f 


/:«■ 


TtkE mr^ ot Ow dligrmiD tw thfr taipth dr » asd 

Y 

B4lt dif ^ £[ ^' hfllwecn tt;e Iim^ryviiIV te 

It 


dx. Heumi Tlfi'Aapiff u| Um tiiijm rt# 

hrtitm flitif fw pm«iM i* ikt jwfi*i awtriio- fco™ip™ tnw 

POiaImj 

t!Kt™pMti« laf tiH elHWlinr tttucUi 4m m IHlOI tii^ bil^TWI 

thm wtinJ litw A . .tht ui«1b m i™i. Um h*imm ihmc 1» piaetiratly 

tp ^ ^ abetaM S4IU ol ftll liiB intll»«Ot> bfftwwn ttS tkEipriib 

to >IW ^nirTH Ewl.iin(iHfi 4 uq. jDr 1 ttBI W' 




EfcitiitHuliiip:. fnr dt, It^ viJiia ai prmHi^iy dslcrtiibcd: 

u 


r M 
~ I ki 


lit 


M M k* 

tn tliB ^ id FEt ^ dr J» Umi ir™ nf Oi^ diaimn lor Um Imaii "dr t£n» ^ i* d,# 

I^nit mk ^ abMi tbr paint 4 . Ttue ni.dinHvt l4» Mitirt mm oJ llw M/El dkgmo brtirHn 

the point* A «nd S miy tw rKpr«wd u 


r 


^ X dm 
SI 


viliEb it k|luE to lt» HPfWtoti dAWEiaped Jibovr far p. r*r dufianc# td nnii 3»iiir tin a« tiaatK 

cam ^ imv iMdrtt nimj^fd d dirnmiMi injrmnl to ml 

^ ^ WMBI (d iPi n#H Y/fff d^pna-i. imdMd^ Ub« po^ ml^Z 
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pTt3pp«d C<4itije¥eri Figure (H jiliowt » c^jitilcvor^ umformJv Loailcd, whirh k sup- 
pQtivd at tbe free end. Thk k wm^riimc^ fmllod a ''proppcwi" <^witilever, Figuru 



FlO. 64. Dropped- Fjq, ftfi. h5« d 

rBHiilcvcr b«un. proppHl'^imtik^r iMm. 


jihowff the fcLrcfid that nuppart tbc beam. Siam Lho unknown fi>rt?t* &tv foor m number 
and ffinDe cinJy thnse independent equEtionB of cquHibnuin ran be wriltvn for tbk system 
of force-j, the beam would be called a staticaLly indetermiiifll* caae. 

If only the strength of this beam ia to be Investigated, the react iQu H may be deter¬ 
mined by making lise of eur InfermBtiEtn mbeat defleet ion of heman, TW argument which 
may be k that ihe deSectloa downward at the free end of tho beam^ due to the 
uuifottn load acting alone, miat be I}filancod, by the deBeclIoa upward at the end of th« 
lx*iim due to R. Tbo dciflwrlion due to ifie uniform load k 


irf* 
" SEI 

The dofiection due to k 

Rl^ 

^ ~ zsr 


Equating thcfie deSectiona and solving for Ri 


R 


m 

S 


If tiki etastic curve and the maximum deSediort of the beam are to be detcrmiDed ako, 
this may be accomplkhcd by mukitig use of Eq. (S2) in the regular na.y. 

Beama Fixed at the Ends. Beanie that an* 6»ed or built-in at both emki as shown 
in Fig. 66^ are also iiatioaily mdetarniimle. Figure 67 shows the foro^ that support 








«r 


Ftn. 66- Bc^aia hied at both cndii. 


//////// 




^0 

FlO. 67. Foreei ne hssid-ended beam. 


the beam. Here and Va are the moment and ahear roisrpect ivsly at the wall. At 
any fleeLion ai a dktajici? ^ fmcu the left wall, the tnoiiioBt k 

uw* 

- Me + ^ J— 


'nik expression for mnment may bo rubsfitufed in E^. t82). artd the problem may then 
be wived ill the usual way. There will be su^cknt boundary conditiuns involvldg pibpe 
Bind defleetiuD so that the values of Mp, F*, and iho two eoustants of in tegratloii may be 
determined. As a matter of fact, it k eviilnnl from inspection that Va must equal one- 
hulf of the total loud on the beam- 
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Tbbk- 13 lijptfl n nuiubtr of raoro comniOQ cm* of loading, i^vio£ lb*; reartioTw:^ 
pltaiair &tal moment. a^xinmni ulteiir, miudinuin momf-ntp Kiid miksiiiium ck^ 

Boction, 




ti. Data as Couuok Beam T^At)r>‘On 
iP 




3 


fl 

rff-' j 




^..rftrnTnih^ 


5 




^1 #1 

t^rrrrv^ 




i-*—I 

pzri—3 ffj-.o/? 

ffi iTj 

^TTTTTTTT 


* ktSfV’ -Pn 
MexratX^l^^ 


y^.rfrTfiThs. 


h— f 


^ fTniTm-fui 


stsx Y^-P 
Man M~Pt 




i —■ 


»iax = ^ 


iJ-^uuujjj 

I 


4^5 J./ ' 


■ f/ 


HHr- 


-- I 




Mom M^-P£f 

*£■/ 


Mom /- - 


mn 
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Rx Data on Coumon LIrau IjOadino?« (rtmTinEu^ 






rV’ 




jp -S£-3^ 

rf'04215; 

TjaTT 


yxTTr[m>v 

tti 




/f 

"l tc 


Ilf 


mm 


^Maji. i'-’ 

Mat.y efjr-OAAlt 
'0.00932 5^ 


T^rdllk 


XQ 


h 


f'f 


^tmi]]] 






« ^*nTT fI'fffK^ij 


iES 


jWtfjf Kl-f x±-^ 


^r? 


I . .. 


3i4f^ 






r: 




'■["T! 


j^. / ■ 




iSJf/ 







% 


I 

:#fljr,^--'j»fli(3-2fll 
if at Af^-Pli>H^-/i\ 




1 





























































































3“58 


MECHA.NICS OF MATS: HI A LS 


CONTISUODS BEAMS 

A be&m is tym ihsl hu more thaii two lupports. Whun sfiy ht^Am is iub- 

jeetod to TTL^rtiesJ bad^ jlhiJ nc^ctiofu, it b possible to write only two ImlepeJukrut equA- 
tioiiB of ef|i4ilit>riuiO, and a cualiiiiioi;is beam is thuirforv iadleE4‘nniiiikte- If 

the iQutienkJ equElipEL fof dlACUfuting vUstic citrvwi |Eq. {S2}] is to be used for dincO-ifling 
eobtimious beums, the putnbiT qC equations io bo wiiUeTi and ihi\ nuniher of cfOBslanis 
to determined nmke Hur work v^ty kborifnis if tberu are aioiv th^n two 

Xh«ottEtL u( Tbrea Moments. If^ in ennianuous beams^ iha elastic rurviM may be 
neglected and it ts desired to deteamint only the neactionSt s!helln^, mid tunaxiL'nts^ the 


pwf effif 

; P£r anit fe/tfffA 


t/y7*7 7 y J.J.J / i 


t - 

h 

p- 

j Vat Vta 

Vtc Vet 


if £ 

Fio, 63. funrisimw beam, unifomi lowb. 

♦heoiflu of three momenti may be uped to advantage. In Fig. SB afo showti three sup¬ 
ports for a tj-pical contlnuoiis hoAm caar^diig two different umJortuly distributod loads. 
For this cawj, it hui be shown ' that the folio wing cquiiLjoii holds: 

+ 2Afi.(li + fi) MJt " — H(rcifi* + iPaft*) tSfi) 

1 Ff«kk ibs lapDSf rmrUds <il Fif. 7^ it «u bs msu tbmL ^ ^ - (tfi -*- .Dtl — Ilf ^ 

^i£>i ^ <Wi7 + tWi — FHHik tbs E^tDoteob |i. 3-^, 0i i> cdilM Uy tlw of 4±is msm 

at ljk» iJ/El du«iajd ftiT the SpSia h stHKil t pdrUon qf &ru^»^ ST»fl £ht i» to dd akitnanr of 

thw M/Rf duwTun ior tb» hwi I **6041 *, Jlfi/X/t - Atf. - O’- 



Tfeq diiwnini b d«licnptHi Qp hu] sm ilri. ^ TteD, Isr ■ 

oaDntfUntpd kMd of F| kik ^ g»i 1^ ft dwtsi™ ktli from ibn k-ft MiEsutan mnA Eor s ksadKhi tlw iqtsoiLd 
spui ■ diilan[je syt Erntta Ufa iSi^nd iidiatnrl. 




“ + (r^ i) * ^ 































CONTINUOUS 
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in Fig. 6Sv the thnse Jiupporb« jut Jahi^nl a, ft, xad c; and Mit, and an? the 
momontA At the three i^upparts. In geneml, there i& a ihi'ar tm eithtT aide of eaeh sup- 
portj and, iti thn caw, ie the shear on rhe right of u, F*, and Vu are thd+ ^pheani 
to the left B-Fwi right of fr, arid U iln* ahear to the left uf e. The thmmm of three 
ntoiiu.tntN iihowM the relatioFi between the momenta at thm? sueci^ve stip^rts, pn>- 
vidwJ ihnt the beam b of uniform crosfl j»ertion juni the supports are on the Aame bvoL 
Fof a L^eiuii with three eupports^ the theoniiu of three inoments Mippib.^ one independent 
equation, and |l b vmnew&ry lo know tw-o of the mormvnu or to liave two other independ¬ 
ent equations. For a beam with foitr supporis, tiu? thtfojecn of three momc^nts fupplie# 
two independent equations, and nn additional two indep^-ndent n^btinim would be neoea- 
mry to solve the probJeKi. 

\N'hen the spans are equal *nd the dydributeJ l^jad m the name per unit length on uneh 
spill, Eq. {S6) beeomei 

+ (86) 

Calcula ti o n of Reaction^ and Moments. Figure 69 showH a unifonnly loaded beam 
having three rquat ipans, for wtuch the n'actions and momi-nlji al the four supports nro 
to be determined. 


U>i/zi// 



Fin. CSl. Cantinuous uniform load. 


In thb ease, 3/4 and Af^ are each equal to iwi, and from Eq. (85) for the first two 


^p&nir 


For the second and third spanT 


Uh + - - 


»Wj* 

~Y 


-Vft -t- 


~ 


dfdbf Uih bs ^ ~ iHd 

iU]il El± 


[*„ X + ti - *,>(, (*. +1^) f,] - my,, 

fh ■ limlkr i»ajr te «lwwn lo bn «i;tmil to tat* — 3*i^ + ti*>. 

tbe psaml thriiih-Enuiiimil eu^Licin fer <^ceetim( 4 Ki iMid v 

^ + s) ' r - ‘I*)- E^(2*, -at.i + *,1 

+ «B ( ^’ ^ + gi-jr 

n a uaifom jiw^ erf tri Ip Aildi^ ^ vpAEi O ud a ]i»d of it<r on li, uldit^ibAl qiiuitijt^ l/b sitil 

VWl/ij niiut b# Aditfitl lo ItiQ fi|[li Kufai m lIlci abarrE a^U4|tai)i. 


And #(iiia«iy, Om . 


■ a^U4|t£ 

fi,-, . ^ Stfi w ^1 . tf 

Qm 2im 


S4Jf/ 


Mid Ibi itahi-bafui mid* -flf tt# Aiiumtim h*» lb» KlitilMfL&l town* of - and — 

all MipiHfrtB Ml tb«_iMiw Imd f-aw). di* t«Tin {^ontalnisa Flu aad tii. Imottii 

d trf uvertia, ttr njuatkiCL la liirtfa«t abupliflid' and m^ere Ui« iww ar« al^ nu&E 

Mid tha Um4* »yinlii«lTiEal. a NtU] further liiapUfijcmEW fidlaiM. 
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MECHAMCS OF MATEKtAUi 


^h “ 3/c 


10 


Th^ nioment ml c^ulctifutcd tn ih<i umiljiI \iuy^ L4 


S^ilving for RaZ 
Tbo moni^nt at c tg 
^IviuK ^or ih^. 

ThL’‘ moiinFikt, lit d Is 


If . ifj 

j/* - /jji - -5 -— 


R. - 


~io" 


Mr - 11,% + - 2iEVr - - 

Hidi 




10 


tc/|* 

"io" 


Sulviitj^ fcur Rf* 


So]viD(t far Kii 


M 4 “ -j- kt 2 Ii + RA “ a<f/r 1.5^1 - 0 


R. 


IMi 

10 


2F = -3ifVi 4- ff. + *■* + jS( + Jilri - 0 




4irf| 

lo" 


From «ymnk;try h In cirklvut tbal -* ami -* and aa a cheeJs the aum erf 
thp roaiMlons mu^t o<jiMl the total Jtmd an tb# l^airt. 

Conceiitrat«d Loads OP Contiiiuoug B«ama. Fijpjn? 70 ehnwa two spaiia of a runlinunuH 
Ik^am loaded witli a dif^r^nt HronccnlratLd kiad on each apao. It can bo ghown ^ that tkr 

W ”''. V.'k"'' i 4 £■— -0 -J - \ _} 

O ^ rz £ £ 

Ktu. "W- (:onti(viivu>liM»i, n>hcentriit«|loa4i<. F»it, 71. {:<Mtinilaafl bcani. 

liiadA. 


«<liiaiion showing tlw relalion bolwvcn the three momeots ■» «s idkiira: 

+ W + jlf A = -/*iu - 3« + !L^ -Pjft ^2?t - 3ft + (S7) 

Tn Fig. 7». if fi IP Miual to Px u c^ml to /*,, and each iopd w at the eenter of ito span. 

Eq, (87J hscomtia 

,W.+4-»4+ .U, -188> 

Calculation ot ReactidiLs Bud Mam cuts- in Fijj. 71 m ghoih:a a continuotm Wam irf 
Iwo c<|ual Fpan ran^-in* a loaji p at thr cmiicr. lo ihii? cajii>, and Mt 

^ Botb tttid Foi.a ‘'WfiTiMlJl of Malirmk." stil (d., p. 









eUUVED BEAM^ 


3 ni 


iLTF in mndp n^cordiDg 14> Eq. (BS): 


Tin* fnofiUitit. lit. A Js 






3P^i 

16 





Kmm ihe s^umnialloii of fortseu jili>ri^ tbt? 



AlUrnniitr Mutiny: Tbf' reiwtiEm may be determined from ihe argument tlial 
tbi? ikflerititip daunvi^oni fit b due thi* two loeubt must be tmlanced by thi- debi.'^tiuii 
upnfi^ due to the reaction ^6^ The deheetion at the center of a erimple Umm nf len^b 
i, due t€ u Fingle load is follows: 

^ mar - 4**) 

*' ” ^8JB'7 


In thifl I'ai^p fc U equal Ip fi/2; firnl f in equal to E^^ Since tljere an? two jdmflflrly pla^l 
limdii, the tPlai: deflection ie twire that given nbavCr Equating thi' down want deflect ion 
lo the upward defleelion du4^ to Rtn we have 


ami 


2 X 48F/ 



4fr\ mm* 
4 / “ mf 



CURVED BEAMS 

The difieu«»on of the gtre««(» in bcanig in previoiuk sertknw may W cPrF=cctly applied 
when the ueutral Hirface of the tinJufided beam w a plane or in the crotomon!:««’ when the 
top and botLom of the Inmm ana alraighl ami parnJIel to each other. It w not com*et to 
ei.kinputc the flestural bItl^ by thw niethcKl for caeefl tike C frameii or briokn in which tbu 



Hldea of the tmanyi arc ourvedp aa ^hown in Fig. 72. The uiui ffczcuiaf stne^iH at n poini 
Nuch eui A dependti on the radiua of eurvatun.^ H in ifuvh umnner that, the i^malbir the 
radiun R. the lariP^r the unit fli'<Kurtil gtifit^. 
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MSC'UAiNICS OV MATEKL^Lti 


f-j-V--) 


C/f AC 

Fio. 7 a 


BDDB Tin? itriasoii for thie m&y be ilSiietriLti-d; by 7^ etinJ 7*1. 

In Fi^ 73, tmi puntlid plunee mdk tus AH bc/orv 

tiiJci? ibe pofiltoari) liter loodiitii;;, the deformAtlnrui 
In^ proportjDDiiJ to the* ciiitaoee from tbu neutml bxin. Thi- 
deformAllon BD and tb# defformAticH] CA would lx»ib <^mr 
in nil origiunl lengtli, which b the wnr in e^K ejuie, i^in^ 
Lbe diflUmce h^twi^o the orijd^id pluiE^ .4 The unit dtdoEmiilioDii would 
he cquaJ fnr two Hbern equally diet-ant from the neutml ime. 

In Ylg, 74, the AH before lo&ding might take the pofiition CD ifier litudiiig- 

The delomiAtiipn DH, huwevi^r^ would have ocerurrvd in nn origiiml length BH, while 
the defomuition EF would have oecum^d in an originjili length EE^ whieb b Ajnaller, 
Therefore, even hw fibi'iiw equally distant from (he oeutrn] mhi, the unit defortiuiticio 
would be grtatcT for flljet^s to tbi‘ right of thi' neutrul astg than for fibers to tho left. 
It is evidenlt thercforc, tbal, for curved heftmen thi‘ unit defnrmntions und abo ihi* unit 
4rerae* will not vetry linaarly but will vnry fonniwhat nf 
#ht>wii in the lower part uf Fig. 72. 

For curved beairtn, tbiinion&+ tbe formula :ifc// * *, based 
upon beauts with fltraigbt sddezt, givos mA^nium unit stresses 
that me too anuJI- It lan be ;HhDwii * that the formula for the 
UMStmum unit stre^ra in curved beams is as follows* 


. ^ _ ± \ _3_ H 

* “ RiA' - aAj!! - <! A / A 

Pe /A' \ P 

* “ «(A' -A)\ A R+c/ A 


(S 9 ) 


(90j 



in wturh Ft doDotee bending moment, in+4hj A denotes luea ^Ki. 7^ 

of rrq® fieelion, in.^; H detratea ruiliuji of eurvatun? for the 

rentroklal axis, in.; c denotofs liistatiei^ from centtoidal aids to pkee whero unit stnw 
Is wanUd, to.; i denotes the niuximum unit atniaa, pel; and A^ denotes a faetor 
depending upon the shape ajid of the em^ acetion. 

For Fig. 72, Eq. {S&) would be imal for ooiupuling thf tenaitc fltre«« to llkj right of 
tht! oenlroidal axinp and Eq. iSW) for eompuling thm eiinipn>flMve atieae to ihe left of the 
n^olroklal BJOA- 

It can be nhowti that the faetor A* has the following value: 




the notation being the aaME! sm above, eKcept that F w variable. 

The value of A' for regular gconietriCBl arean like tlie neEang^, triati^e, or cirde 
may b(3 onmput^Ni by the calculus. For irregulnr amas, recourse is bad to graphical and 
siinugraphiral roe^thod.^.* 


OBLlQim LOADING OP* BEAMS 

fn the couimon of flL^scure that Imvc hiN^n discu^-il hitherto, the beam tiad a 

bngituditiaJ t^ane of ^ymmiUry, mid ati the Inacb and n-artiiuet ky iri tbia plaIlE^ In 
ihi^ case of hxuJing, iht- beUEU may nut liave a longitudinal (rtane of aytDCEietr>\ 

‘BoTn ibd FfUr^. of MitmuU" 4th td., n, SSS, ''Stcwifiith of \rftEeriala/' p. 4*. 

* Bad WrrwiT* ' T^ifTStiKih of .ViBiicfmk,'' 2d 4mL, e. 21 fi. .^I^nur. W MatcrlBli.'' 

3d vd., p. 33U, 










OBLIQUE loading ON BEAMB 




(iTj Si St hji^, ihe li5B<Eb my not IS4> in ttua pl&nf- Pispifv 75 ihom u ^xampb p( tbi? 
formr, ami Fig. 75 of tW latler caun*. The heitin In Hji- 75 i» m unrfiEimJ-leg®^ jmgle 
mtkin afttl Im uo p(eu» trf Rjrtnmlry. The k-4im in Fi|f- 76 Im a plaoe of fyiimh?tr>% 
but ttw load on the beam dov* not ]i& in thu plaiw. 




Fio. 70^ Obtiqiifi Iwiiiijt. 


Position of If eutro] Axis- For the oommon case uf Dexun! in which the beam has a 
lon^lmlml plane of erynunetTy and tk: loadis tie in tiuis pUne, the neulraJ axw if perpen- 
dirnkr to the load plane. Fur the ahown in Figs. 75 and 76, the neutral sjob would 
not bo |K>rpeiiiljcLiiar to the load 

]t can be ahciwn * thaU if the plane of the bending inofluiut rontaioa the piincipai 
a^EUi of a croRK aection of a bentn, ihp ticulml wb of that crow acetJon k pt-rpenditular 
to ihf' plai^*’ of the bendiiii; nionu-nt. The pciiicipa.1 iwfMs for any point in an area aio 
the axes lbjn:piip;h that point for which the niomcntj of inertia an? rL-*poetivcly groatCE-t 
and least, and they am always al right anglca toother. Tbs met bwiUi of determining 
ihe pwdiU^n of ihe principal a 3 EC 4 and the of the pritiripal tnotnenta of mintia may 

be round in sstandard textb&oki^ on strenijlh. of materiakn^ 

Tb^ angle o {not shown in Hg. 75)^ which gives the inclination of the neutral axis 
Ip the prindpal axia or, k giwn by tbe following equation; 


Umo 


M 


(91) 


in which .Ug denotw the compoMiiit of bcndiiig monaent with respect to ihe s/ axis, b.-lb. 
Mm denotes t bs etimpnia'nt of k-nding motnctit with rtfspecl to the Jf axk, jp.-lb, f# do- 
note# the nKiiik>iit of tm-Jlia with respect to the principai axis njr, in_* and Ig denotes thd 
niomcTkl. of intirtia with respeot to the princspal axis in.^ 

CfllculatfcTi of Fiber Stress. In order to calculate the fther Htrqs^cB for the ejnias shown 
in Figs. 75 and 75^ it w first Mrtsssary to determine the pai+itipfi of the principal axiw at 
and The eompom^nta of bemliEig munient with rt-spect to tb.' pFindpsi axiss are then 


Mm ™ M ooa (92) 

J/j =■ 5f sin ^ (95) 


If the difitance of any fiber fmtn the i Min is y ami its distAoce from the p axis is ar^ the 


nisultaiit unit fiber stresi ia 


I 




(W) 


in which M denotes the resultant unit filler wtress, p^L f, demiUw tike prinei|Al moment of 
iru;rtia for the axk z, in.^p ly OenotwF the principal momiml of inertia for the axis p, in.*, 
and the other notation ia thir same as twfore. 

Tb: Diet hod employeil in Eq. (IH) oonsisls in cafculatini the imil fiber slmwH pro¬ 
duced by lb- Eepomte ronipoin nk of moment and adding tb^ni algebraically. The two 




p. 400 . 

401, 44a 
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in tht“ fnirnijJii wuitld tw pvic^n tlw:- iiliu or mmu* td^n turrcinUng m the uiut Ftresa 
producni is temrile or cnmpniBHivir. 

CoMbintd Axial and Fl-extifal Stre^^ On p. i-25, ihc nf axial conihiniMl with 
fLxuntJ nrc^ was riDft!m*il to. A cantibA^ELT be&m, for itiilaiii:o, tniahi be srublectetJ 
to ail eocJ^inpre^jve loml Fj, paiallfl lo the am of tht? tHiaoi, and a vertical load P 
pjrodaeing Lu tbo usuAI way. An approxinuiu^ toluttou of the prphlcmp whlrh 

OL-glt^cU tb‘ ik-ieetion that may occur in tiK beam, coaBiata in enlctilatuii^ sepamb-ty 
the iiikit cfimpreRsiw strt^ dtn* to Pi anrl the flcKunil it real due to P and adding them 
atgi>braicH]ty, f n thip case*, the Uhit ^tr™ due to Pi ii and the unil str™ due to P 
h Me/L At the liottom filler al the wall, thi^ two unit itrem-# wmild be 
ami wi^uki be added r At the top libi^jr, the twu unit nimwi would he of opfidtefite -q^i 
and wueld be iubtraeted. 

If a sioglti omi load F on a cantilever beam b not veiiicaJ but is inclined at an angle 
with the aids nf th** hi'am, then orwi component of P wiW produce axiai eitreM and thi- 
other wnapoiHini Bi^xunil strtwg. If the force b f^olved into a vi'nicai aikl a JiontuniaE 
4Y>niponiMit at the ajos of the heanit the component pcodueihR axUI fifiress \s P eo* fl, and 
the cotnpiitieiiL pfudtiditg fiexulal sLri^ is P ain 

The above mi'tbtkj givea an approximate solution of llie tnaximum Rlr&jse#, wUeh b 
iuiheiently correct hi many caM. More accurate iioludoiii may be found in textbooka 
on strength of materiabr 

Thi^ handbook of the American Tnititufe uf SU'el CooFtnietion ifpocifefl the foibwtng 
fcirmnhi to be u*(hI for the cane of combined stmewia. Membcra iubjECted to bolh AXuaJ 
and bending atrea^Ka ahuil bo so prDportiora.'d that tla^ quantity 

^ ^ ahall not exceed ujiity 

c# 


in which P« - axial unil nmiss that would be p^’^rmitted if only a^i a1 fiiress exifllcd 

Pfr “ bending unit elra8s that would be pertnJlled if only bemJlug vlrass exii^ted 
/m * Rjdftl ynj t slLness (actual i ■> axial slreais divideti by anyi of member 
/fc - bcndiiiR unit atnw {actual) » ben^iing moment divided by eectiun mod- 
nlun of imimlior 

Stress Conceiiitrttioa. The of abrupt ebanp^ of crew* seclioo hae been meo^ 
tiniicti in diaruHdng repealed ntrcf^cs. The Mjcsseconctmtrfttion factor iC ia dohned a* 
the ratio of tht^ maximum to the average atres* in the aectioa. 


K 



st ress-eomxnLratlon factor 


where Sm » maxiniiim inrcfw in the median 
^ ** nvn-^rage t^tn^ss in ibr soctioij 

BtreN^nct^nfration factors haA-c Itecn determined by phoErxdai^tir tmdhoda, reported 
hy Uax FrorbL^ CunfE«i an? ahown for the offret on tbi! «itrt«s-ccnccnfration factor 
of groavea aod fiSh t* of vai^dii^ depthn and of holiw, in axial Irnsion and compnwion, 
SbuwjDL also jire the efects of grooves and fillets of t-aniTig depth in (Mire bending. 

COLJJMNS 

Gompres8iuii muiubef^ may be divided Into thm? classes: (I) those which am ao phort 
tliiit praelieally no beading lAkeo place and the stmR& i* unifomily distributed over the 
cross eeetjon; ( 2 ) thoie which are w long thai the bending effect is the tnoal significant 
SCI ion J and (3) Those which nm inlermodUtq in Icnglh, sc that the recuHant maxiinum 

I twam of auosi CHM^tnlioD t'twrtoettaticnJJj Dtoi«niLltied Tmtu, AHME. tiA 37, p. Afi7^ isa&. 


COLUMNS 
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^ iiiis p^ly to hewlinx iUuJ portly *o dimrl ptiw, Thi* ifnnj in u^udEy 
Tt^rieUMJ t-o bnjj co<D|H¥«»Qn mi'mi*'™ that would fall into 2 and 3, ohov^r 

Skadeni^ss Ratio. It nil! be found th&t Lhl^ load which a ndumn chrry ii$ lar^-ly 
infttHTiwI hy it* jiVnik^rt™^ which w mi'»suffwJ by the raii&, the ratio 

of the lenicth of the cKilumn in inehi’^ to ihe kwt mJiufl of gymrum of the column mwi? 
^teetkOD m lciehi!ri. 

End Cofiditinnn. The end ronditiorui of a column nlTm ib* load that ran be carried, 
by lb' reyftminl that the endii offer In pitivenijcipf tb- b-iuiinft of tb* column, FijtUfe 77 



Fjo- 77 . Etid roodiliou* of roluiiaiia. 


show* various end conditions of rotunmi. Ronud ends, ss shown in Fig. 77c+ do not 
F^timn the tolunm al the ends- Figure Tib shows a piim-nded column bending in a 
plane perpenriinjiar tn the aixu- of tb* ptns- In this: case, tlw iTsSttfttnt would be due to 
the friction at tb* piiiB. For bL^uding in a plane pajalkil to the of the pid^ iFilf. 77c)+ 
the column would b* very eoctfiderably teetruned and a ouJd approach tb> jniuatiMrnded 
or hxcd^Midrd cnmlititm. i^uare ends or dat ends (Fig. TYdlol^er conaiderfible restraint 
at tb- endK, and ftscrd nfids (Fig, 77^) uifereven ipvater rwtnynt than square ends. 

Euler^ Fofmiil&. !I can be fihown * that Euler's fonnuU for long columns le the 
appropriate one to apply to ooluuitw of Cla**? 2, as follc^wi^r 


or 


mEf 

/' m£ 

A “ (trri^ 


{05^ 


in which F denotes the tmucimuni lewd thut I he column will ewn-y, Ib, E denoteo the 
modulus of elostieite in lension wnd coroprmwon, jw, / denotes the lf*#t nrninent of 
ihertin of the crosn mcllon, in * r denotes the kiwi nidios of gyistioo of the rtosi r<Ttinf). 
im, f denntos the fcoitth of thi* tmlumn, iu., and m denotes n consijitil depetvdiiiK Mjion end 

condiUon*, 

Expi'rinv.^nls haw shown that tbi foiwtaut m has an average value of al><iut 10 fotr 
RJundHt^nded columns, L5 for pin or hinjpNi ends, and 30 for sriuan? or flat endsr 

ft will be noted that Bq. does not determuu' the umt stn-Ms that eaiabs in tb' 
colunui; and, indeed, the dertvatiou of the forinulft that for an liaially bado^l 

ndumn muthcr the unit nor tho deflection of the mliifnii curt Im> ^xinipult'ti tiiiithe~ 
matically. When the load* and defleetiona art^ nu^a^nred in an experiment on a column, 

J JIoTti roLa, ■■¥t™rtli ni Mh isL, p. 2JI. dI p. 
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it n pofidblc tu ih^ unii ^mce Eukr'i formulA ifivi^ Uiv ulUmnie loacl 

on Lfa^ inlutnn, it mupt be divided by a proper factor of &ifety for ikitiipi work, 

Ranidiie FonnulL Mevt of thi^ enlusiiu ii^ in bridge and litplilku^ fall inro Cia.^ 'd, 
and the rorinii]ji«i Lbal are lined in dincuBBJig fOJth eoliimii!i have in tbepi e^-rijiientiJ 
coneUnte dHjtenmiwd from teste on rolmiuie. The BaiikLor-type lonmila is diu 5 of the 
okJrait that Liu been Used in dbetisstn^ eolimm strength. The colnran formuJa ilhhI by 
the AmiMican ItutUute of i^teel Construction is of the Rankini* type and take« the follow- 
ing fono: 

P IS,000 

m) 


i + 


1 


1S,000 


G)’ 


Thifl fonngU b a aafi!-lo«d formula and is limited to va^tien of akindeme^ ratio of J20 
to 2fK> for dtectijidary tUeinbers^ 

Stnl£:ht-linc Fomiida. One of the simplest column JonnuIsJi, which was very potp- 
moidy tiHid in iht United rftaU* in the past, is the so-qiIIimJ “straight'line^^ formula, BrtA 
stigfp.filed in I $96 by H- Johniton, JohmioD found that a straight line made Umgent 
to Etdef's EiiTve for long columns 6tted experimentat pointa titilie well. The following 
formiilas for dnraitimin an? of the straight-line type. They an? reconmieniied by the 
Aluminum CompaDy of America for alloy ITST or 25ST- 


For Lsied ends. 


For round cods, 


P I 

— - 15,000 -61.5- 

A r 

^ , P 132.000,000 

- 

P I 

— - IS,MO - m- 

A r 

^ , P 33.000,ODD 

'^'*'1—(w- 


- < 102 
r 

(il7t 

> 102 

(98) 

1 <81 

(W) 

r 

> 81 

(lOCH 


Parabolic rormula. \Slwn a parabola, imitead nf n straight line, b made tangent to 
Euler's curve, a oolunio fanritjlB k obtained which 6t5 ex|scriinenld resuits very' pat iS' 
faetorily. The formulas ri>conimended by the A>jCE Special Commit Um- on Column 
Rewarch are of thu type: 


For structural st43el, flat nnda. 


P 

/j!\* 

- < 22^ 
r 


A 

- 30,000 - 0.33 

flOl) 

P 

JlOO,0OQ,00Cl 

1 


A 

U/rf 

- > 224 

f- 

fl02) 

For structural sfteelr pin ends. 






1 

- < 158 

r 


A 

- ^»,000 » 0.72 j 

{103} 

F 

450,000.000 

t 


A 

((/r)* 

- > 153 
r 

(104) 


The above fonnulai are for ultimate loads. 








COLUMNS 3-67 

Thu Anttrinw iMtitiit# <?r Stal Coimlimtjoii co^umii fonnuks btu m combinAtjoR of 
thr B4v1 RaokiTW t>T»»- 

For mai n ftflii pncondiwy mi^nibi“n* 


P t 

- m IT.OOO - 0.435 - > 120 


For hrseing aod MeowUiy DmnbcM, 

/' 13,000 
T " I /( 


1 + 


13,000 


0 ’ 


- < 120 
T 


<105) 


C1O0> 


For nmin tnembens. 


P 13,000 /, ^ 2^ ' 

^~jr7'vV‘ W 

18,000 \t/ 


> 120 


Tbffic fnjTOuUw ^ve the nafi? 

CRSt-Lrod Column!, j, B. Jobimm'a forrauEa for ihn ultiiMti? strength of earf-iron 
nilumm Bs lollowa: 

14,000-8®- 0^^ 

^ r 


Thf? XoiT Ytirk fonniila w a jtatwfictiMy one fofT ciileulatitm tht; mdv lo*d£ for ea^l iroii 
<oliinuid: 

--9,000 - 40i -<70 (108) 

A f •' 


CriietiM (or CdmoBS. U w Liriaitv iu.<i W to dst«rimn« whether . 
iitlu ClitBn 2 or Clji*i 3. Tht: criterion fnr iilendeme® rntio t hat is applied fpr the utiaiKht- 


liib^Euli^jr combiiiAtion ii 


i i3pii£^ 

7 ” \~r 


(lOOJ 


niid for the poraljalioKiilHr eombioation is 


( i'27t£ 

7->/“r 


OIOj 


in which the Dotation ii the aaim. w Wore, and * detiolea an experimefttMt roiwtwt 
rm ihp ™icl ptiSnl or ultimntw tcmpMgive HlrsTH^tli of tne iM(.r= ■ h * ^ .. 

Thei^Vndmw™. mtio givMt. by Eq, (m) i. Uw valu*« at which Johiiron a rtmiKht-lme 
formula » to Euler'# curve fw ions column#, and tq, (110) i# the value at 

which tile pttnbolie formula i# taiiaent to Euler’# curve. U the aleiKieraert ralJo of # 
given i^hiL i# KTcntcr than that givco by Eq. (lOOJ or (HO). U fall# mto Cli^ 2 and 
ahuukl be diaciwed by mean# of the Eqlcr formula. If l^e riendernew latio a than 
thiit ftivya by Eq. IlOO) or (HO), llw eciujan fiUs into Cljunt a birJ be dii^usaeti 

by mv&iiE at a Mnught-HiifT i>r a pttndpolir fonnula- 

Because of the difficulty of ir«tiiiiRtiri« llir ri'^tnJnl wu-W by end mnilition^. 

tln^ poKwhility of initial l■cwIliIieLty in tbi:: t^iliiJnn, anJ the furthi^r (x»aibi3ity of £«- 
n nrririlv in the pwitlmy of tile it u di^lemAry fo^r stmetOfliJ dLidignert* to niakt 
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UM* dT OAe of ooniiilion^. The usua] piwtice if^ to ftAJ:4umi'' tW Mte^l cajumru^ mv 
pinned at thu ecds ami ibat nirf-imn anti wfWKl havr flat vvtda. ttnweVLT* tbe 

Forert Prodnetn Labomtcn^ TdriiiulftB for wbxmI piiJumns, to be ipwti l^atcf, aie on 
round'enid eonditloDS-. 

Wood CoIileuds, The Foriisd Produel^ [JihoFator>' a\ tbe V-^. th^pailfisent of Agri¬ 
culture 13 the b€^ fwaum of infonantiDii on the jUremeth pmpitrtHiii of wood cidumik^. 
The of the laborAtor>' niay be fnaod m ^'Wuod HiuiLlboah^** Handbook 

No, 72, The FPL column formula In a fourlh-poiror parahulic oquatlou made 

tangeut to EuIct's cumi, aa folloire; 



in which r in tlu' allowable eonlp^l■^^iv4^ idn^ngth for abort ™luniTiit+ pen, d ia the kw^r 
diiuenrnon of a milanguUr cniea Bcclion, in.,, and K denolfw the largest ratio of f/d for 
which the column formtilu Ib appropriate. The far^Nw of safety in these formulas is ap- 
proximaiciy 4 for ?hort prianifl jtnd betw'cen 3 and 4 for lonijer members. 

Tbw fortiiuhia are used for vaJuefl of t/d falling belween Lho fdHuwing limita; 

i > 10 <x (112) 

a 


Thfl limit K U dotcrmincfd from tho foliow^tng formula: 


K 


2 \nc/ 


(im 


Tin.' formuliis haw bee-n mi arrafigijil that the coefficient of d is eC|uaJ to the liEojt Thus 
a gknDc at the furumla ehowii imint'diiitely the maximum v^ue of i/d that may bi^ em- 

ployisl. 

For values of f/d greater than that g^ven by Eq. the following Euler formula, 
employing a factor of safety of 3^ is ujwd; 




(114) 


Equatimu (Ul) and fll4) are- not to be used for l/d greater tliao 

Thi* values of K, imd E to be iiae^l in Eqji, {HI} and {113) are given in Tatde 10. 
Tlican* vik]ut« are for cuntmiiouidy dry locations. 

Taking as an example the valued for dcuse Douglas flr in Tatde 10, Eq- (111} becoirwa? 




(US) 


The above formulas for w'uod columns are to lai Ei^ed for retl&iigular croas seclkins In 
which d vf tbt* KEiuiik'’f ilinu^nid^in, For of lii^r crow: iwctioiis, tlie furiuulaa may la* modi- 
6cd by substilufiiig foi' i/d, r txung the least rafliun of gyratiou. 


Typical Column Prubltm?, \: IamhIm, Ijetermifh"^ tin: aafe UhuI that can 

tjt carrkd by a. lO-in, 35-lb American standard f beam, ft loni' 

The tiaudhook shows ibal th^ Ic^ast radiun of gyralion b d.^li ipving a alrudorncf^ 
ratio of 110. 'The amt of tlie mm section is lCl,!J2 sq iu. Using Eq, CM): 


P m 


IQ.^ X I&. 00C 
1 + 

iSpOOO 


* 103,000 lb 
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TjtHi-i: 10. Vjvwes <*f (\ A", .^mj B 


(iFiuJka And ^(prrcij'?* 


Dfiuv Di'aikIaa fir (ctiaait nti'd Lnlnmi^ 

[>pii*ie lijC 4 |k-Ar or ahonlt^r si^ilvfrii 
Titli-vriili^r ml f^jpnw — . - 

Ciuisc-icrftinnl DnuitlAii fir ((iouat). .. . ^ 

DifikBc Idi^liHif or tU'iiiH.'' shortAiutlii^rii |m eh:i 

C|iKitsj(r»idwJ rwJwnfid ^ .i *, r * *-■ 

Doogl^ fir (rnniMt)........ 

fink...,...., .. = . 

CitM-f^miiunl ^ - ... 

Pon Dnonf wdnf. ^* .- 

Tidcw&tcr mi <r>'pri.w«.»... 

--- . _ . 

Dmm longWf jfonthi^rEi pipi”. * 

Cloae-miiiLtl rftlwoocl, ^. - 

Port Orforii ci^liir......, ^ .. 

DejiKfe ^liortU'jLf ifeouthoni pinr, 

VV^lj^rn red ist'^inr, . . , . 


1.300 

1.300 
l,2tX> 
1 , 5*0 
1.500 
1.200 
1,100 
KlOO 
KlOO 
l.OOO 
1,000 
1,000 
IpDOO 
L.ODO 

000 

000 

800 


K 

E 

22.5 


22 S 

^tKXI.OOO 

3D. 3 

1.200.000 

23.4 

l,li(X).000 

23.4 

1,1100,000 
i,200,000 

3ti-3 

24.4 

l,fp00.0«0 

23.7 

i.jiDO.ocin 

21 2 

1,200,000 

22.2 

1,200.000 

32.2 

1,200,000 

2t.S 

LhiOO.OOO 

2s.e 

i,rioo^ooD 

32.2 

1,200,000 

23.4 

1,200.000 

27.0 

l.fiOO^OOO 

22.7 

1.000,000 


2: />f#i>i. [l^+U^rminL- ihi' oiv of ths^ 1 ht-nm, 10 ft hitig^ thflt carr>^ 

A kiad of 150,000 Ih, 

I'sHUg thii x\IS<.' ^mula: 


F 

A 


1 4- 


is.ooo 

r 

Ts.ooo 


0‘ 


It H ..videnl tl»t tb^re .i™ («o «nkn«.r.« ^n.l r ». 

bwini diapt Qn-n) is no iiiniiib rvLilwii l.etnrt'Q thr* 'lun .j., , _ . ijy,t 

tj,.. problem niTMl U llxlKli^d Ij.v 

sliurl ^rrnna (rould lairry a tmtl load of J , nHimmi if tbi* 

.wx» to. ^ to« « ^ 2ur:.”E 

nu^mbi^r wrre a Ahrurt pnflm nnrl niaj t*p u| rt.™pt to thp a jus peit- 

Sincf ibi! [ 4 mslci !1 ^\mpe U partkiiLirtv wi-nk for iw^niJiiig , Ern-ttc-r ihiin 8 3 

allel tn the web. the ^t tr^i will be nnub w. . ^n Xi„J 

«, in* A I2.4n. 40.&Jb I beam Im- an ami ef 11.»! 

M 1.0ft in., the Blendiwnew rolio bW thn* m. Tina be lrK^i in the fpnnuM 

ITS^*^ _ ,27^000 lb 
^ III* 

1 H-- 

Thin [ beniu is whibwIuiI H» snnJI- If tht 

the t beam thnt in tri«l. the a™ sh.uJd flO-ib 1 

127.000. This wnnM indicate n renuinsl nrw of ^ .j,| 

with nil ami of 14.67 sq m. n»J n nuliu* of Ky™l>on of 1.06. will be tned. w 

iJEndeinAA^ ratlQ k 11^^ 

„ . - 163.000 lb 


I + 


IM* 

(s.ooo 


Thkii sirvp Arilk hn sAliBfHrtdf^^ 
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Frohit^m 3: Deteimin* tbc of b r«^tiiiiijctjbj -Aroocl colunui of da-haei iJtiLy|k4 

IS ft ionUr to curry' a^ifuly a load of 90,000 1L>. 

CquatiDii (115) will he used. The load uf 1^X000 hein^ dividi'fl by 1,300, it h found 
that a jj-burt prl^m would |¥K|uItv un area, of nti in. Since an S-iti. by S4ii. cit^ siicljuii 
will be too smiilL a lO-iii. by iD-in. sisce will be for ihe firat triab Tlie octual dresi^ 
diinen;Hion^ of 9.5 in. by 9.5 in. -will be used. 


The v:ilup of i/d for thiF eoluuiii ^S.9^ which mdiiiileff that the value isf ifd i* within, 
ibe litriit of K ■ 22 5 la Ihc fortnala. Tlii" foraiula is apprapnute, and tbi^ .niie 

w ftAtiafaclory. If n nomiutil pixc S in. by ID in. in triiNl, it will in- found to Ipt too aimtl. 

[a nil column prqhtfuns it is occr-zwary* tci the AiendrTnii^ ratio in order 

to del^rrmne wbether it is within the Iknite for wbieh ibe fommlu is npproiinate. 

Eccentric Ixwda on Columns. In the disoupsion of hxintly loadini coluimis, it ia'us 
stated that the foEmubi did not make possible thi- miculatlon of cilbi-ir the unit utreas in 
the column or tfcw? defltK'tfon of thi^ roliimn. Hnwevern when tlip lead bi applied eceen- 
trirally to the (olumn, It is poRHihle to calculate both the unit aln-^ and lbs dedection. 

Filin' 7^ sbnwp a column that haur the low'er end Iked and the 
upfiL<r ejnd (rpi^. Tin' eceentririty of thi^ load at the top of iht* 
column is c, the nuutliiiiim eccentricity in and the maxiiiium thv 
fleetjou is D. It fan bo shown * lhat the exprc^ioiui for ibecceeiv 
tricity f| and tbu mioeiiiium unit Ptiesa t are given by the following 
formuLtia: 





tm 

F 

* ° A 

J/c {‘ 

+ T“I 

{'*?) 

(117> 

_ P 

* " A 

[•+?- 

(It)"] 

(IIS) 


ji 

[s0Tl 

(tw) 


Fio. t!t. Eccisii- 
trieally loaded 
eoJuina. 


in which i denotes th^' uuixinium unit Ptitssn on thi' concHTC Bide 
of the column, pf=i; F denotcf: thi' Iriwl on I hi- column, lb; A de- 
nouw Ihp! ann iif I he coliuim erarw section, in.^; e! diuioten tb^* cccen- 
I deity of the load at tbt' top of the oduenn, in. ; c ih-nolPA ihe dis- 
laiicr fri>m I hi' cvnier of tin ‘ cfpinnm lo ik- extreme 5 Imt on fhi' 
eoncare ridi^ in*; f di-iioles the radius of g>'ration of the eolumn crortw N'ctjoti, with 
rwpert to the axis ahcuit wluch liending tMxrur^, in.; E denott^ the modulus of n-lanticity 
in tensiou Bind etiiD pn-ssion, |w; and I dennNss tbt^ h-ngth of ih*' nilumn, in. Tlie ftnt?- 
mang formulas invoke the semnt of an angle, which is Kiveu iq ntdiiinfp. 

[i u evifient from Kr. 7^^ that the ntaximum di'HisH^lion D of the column w 


fJ >• Cl — « 


{I2f» 


For both emh room I, as .^buwiL in Fig. 7&, the formutter fijtr and ■ am as Fciflow#; 

1 ibyta md Fora, - «l 5tL |i, 'J4V. Kinuip. M.tonilfc"' p, 37*, 







COLUMNS 

3-71 



{i?i) 

1 

r , rr 

/i^e \’' i 



i'+p"' 

(i«/) 1 

(122) 

/' 

* " .-i ' 


[iT(;)Tl 

(123) 


Eccenbric Loads on Prisms. A iihurl pH^m, mch ud b ja Fig. may lx mill- 

jetted to o toimle or nsmptiwfjvir Joad P+ aetioit nt h ilL>niinee o frotii the a^eb of the pHstn. 
Tin' BtUon of thin load b i*<^uivalent ^ to h dirnH^t itsial load P wid a bendiog monaeiit P<, 
Tbf direct asioJ load ptnuchirt^ n uniformly 
dULribuild stress ou the crtss® seetUm of ihsi 
prbm, which equals ^ 



The becbdLEig inonieiit Pe pFodijeu=i a flexural 
idresa which, urcording to the fiber striaa for¬ 
mula^ eqii&jA 

_Ut Per 


I 

f j 


The rBsullaiit luiit jrtnjra b 


/Vr 

3r*T 


T 3 


(124) 


-*--4 


Fio. T£l. 
Irically 
rolunui. 


Fcctllr- 

loadsd 




Fm. NU. 
tflcally 

pHtna. 


hk-ctu- 

]oaderJ 


£ 


in which a' donotcii the reFmJtant unit »Tbw, pi^i; i* denotes thi^ l4Mid ou the prism, lb: A 
druotes the atiTt uf crops W'ction, wi In.; c dilates the cccentririly of the load with 
to ihe axb ahotit which bending uecura, in.; e diinotJ^^ the db- 
taiice from tbi' axis to the ext.rt^me fiber, to.; f dfifiQhbp the tno- 
mutii of inertia of the rnw» Mi^etiEin witli r^'^!pI^et to the axisabuut 
which Umding ocetins, iii.‘: and r di^notes the radius of gy rat ion 
corn'tipohding to in. For the i-asie !Fhewn in Fig. 80, Ehe ffexural 
unit alreas would be comprviwive at A anti U^ruile at E. Hk- 
resultant jttnjw at A wnutil the ref ore he obt4Lini:Hl by using ihe 
plus flign in Eq. (1251 and the unit alriTss at B by u.«iug the 
ndnuH nign, 

Doubta Eccentricity. The rm*Q. of an cccentritally loaded prism 
which haja hi^t^n dbeussed above ajssumcfl thai iht: hM«l line inter- 
one of the principal axe* of tiu* crows siiitioii. In sueh 
the Cither principal axS#i b the neutral axis for ralculating ijn* 
flU'r st?essi~s. FlKun' SI s^hows a caw in which the lojui b t-rci>iitric 
with respi-ct to lurth |irim'lpni nxi¥. 

In this eaw, the muiiwni prcKlueing iN^tnug alKiut tbi^ tkcjs b 
Fl/i, called A/j, ami the moment pmrlutiing trending about the 
axb b Pxi, raJ]rd AS^. The unit slnv» at any point, fluch m 
* Bora mikd Ffluc, 4il ^ih «!., p. 233. 

C. lA'l. 


0 







Fpo. Si. tici^ciulri- 
eally badecl priam. 

Hijiasa, al 
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at din-taunw * aiwj }/ Tmin the aa^ wrill I)*; 


P Myt M,„ 

4 


(m) 


in whkh I he Dotation u thi- Haiiu? oji- Tn^tipw ddJ afiil jtpp the momont^ of iiu^ftk 
with respect to thf prinpipal tMXi^ y anil ^ o'^^p^Tlivoly. 


TORSION 

Tor^imi fqnniila. Wb-n a niarhim!' of !4imrturaK i4crtiiont is subjuotLnJ la a tviiFtinE 

maiTH'Eil M shown in Fij(. S2, tb* momb-r 

ii ^=aid tn btr RihjfM^ttMj to tor^tan, ami 
the di^vcIopLai by torsion are 

Expedmiint hits ifhown that a longitu- 
dinal elemi-nt on the aurfart' of a. shaft 
will bo twiafod into a heliic, iukI at any 
O10K: sdttinn the unit ^hcar vires^ea^ whirh 
are prtKlurefJ hy the fSterruil ftn'^iay 
aiiswiertl or vw^' as the dhstanc^ franj the asia of the shaft. 

Jt can be shoH d ^ that the rektioa I'wiHlmg between torque and null Htmw is ae follows: 


1 

1 

rl 


w 

j 


I!5 


1 S'* 


$44^1^ 

tf-KA-A 


Tcndciii in a sliafl. 






(127} 


in whieh r* cleiwtea f he toitme or t^ing monu'ni, ia..|h, J deaott« the polar momeDt 
of iD«rtia of ihc enjw seetiou. iiu*. r denote* the diirtance froiw the axU of the ohsJt to 
the outer fiber, ja., and (. dx^notc* thu unit om the outer fiber, peri. 

It Hhttuld be hnlvd ihni thw fornmlj* ]» rorntt only fw eoLid nr bnIJow dreular shnft*. 
which an* the most enmnienly used secLiotu for tmiiKmiiting tun|ue in auiclunes. Test- 
book* on Btrength of tnaH'ml* give furmulit* for th«i elltpee and the reeienKle; hut for 
coniplimted iieet ion*, like rolled 1 beniu-, there are uo theoretiral formulii*, aiiil'rerourw 
tnuM be hitd to fsperuuetbl nr to emiiincal Funnulti* haaed on experiment. 

Just aa was the case for the fibers!ns* formula for Iseame, Eq* (127) niav Le usied lo 
ealeulate the unit shfflr Mnna m »ny tKiint of the etoa* ncetiou of a shaft. If r't* tlw 
disluiee from the nshi nf the *hafi to the liiMT where the unit hiuwh i« */, ihi<ii 


T 


{12S> 


Angle of Twist. Anothi.r importunl forntula fur tonriun problem* i* that tehieb givi^ 
the angk> of twist of the shaft between two eroMi iwetion* a diKlance I upart, The for¬ 
mula *i* 

. 57.3r>f 

in whirfi « denote* the anglp of iwiai. di g! denole* the torque aeting on the shall, )n.- 
Ib; J denotcB the length over whieb the twi*i occur*, in.; E, denote* the modiiJu* of 
elasticity tn shear, pri; and J deimtia the polar motnent of ianrtia of the cro«is seetion, 

JiSS SS JS ■«{ 3 S:SKi> SS;* t, SJ ass'; -Jr» 3 tSSS;:!: g 
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Torqde and Hdr^apow^r. Tin* mcmt eomimiii raji^ of toiuidn ip thM af a shaft rmn#- 
miLtiUK b£inAi‘pOflni‘r, It can be phovn * tliat the refiowing fomiuk pifw the be- 

twevcL turqin-' And boraepower: 

^ 1^,024 Ap 

r« - y (130) 

in wbl^ih Tm denntei* the l<irt|i|L% in.-lh, Ap dp- 
not^iM hDrwpiiwer, aufI A' denulra revuintionp per 
imnme. 

Solid And Hollow ShiitSn \jiiy^v jfbnJtis, 
daily iW»' for tnariiu? work, aixi nften ninck- 
KuEliiw. Flnllow ^hsiiXB art? Sftrvn^^r ptir pouiifl iif 
mittejiid than solid pluJt4^, the mfltenaJ 

luw the aiis of n Mlid shaft hit- fow 
netinj; on it and is therefore rtklmdy ineflec- 
ti^ in producing reobdiitg moE^nt. Hciliow 

fthnfta msy aloo be forged on a nianJiir], the material being thus n?j]iU-nL^| mort; hnmo- 
geti^Qii5 rban would pebble in a solid tthaft. 

Rofening to Fig= the exprt^gadiuiis for / and J/r art ba follow: 



Fin, ^ Solid aitd hoClow stboltA 


For a solid shaft. 



C{2 

{I3J) 


For A emlid nliaff, 



J itti^ 

7*1^ 

(132) 

For a hollow slmft, 

J ^T{d,^- dS 

32 

(m) 

Fora lidlow almft, 



J _widt*~di*) 
r IQfVi 

in*} 


if a hollow shaft la to be equal in almngth to a polid shaft, the nt‘sbting moment of ihn 
one uiiiRt be equal to that of the other; henre: 

r<dj* ^ d.*) 

— U, -■ tias* 

If the two shaftjp are of the jsarae material so ibat iii equuj to 9m% then: 

■^^1* “ ^ {13fi) 

Shaft Couplings, l^liaft euupling>4 mv fasten! uhxJ to join h.xigths of shafting to- 
get her, bo that motion from om* acetiun may be E ransmit t«i to another. A mapf I’ng 

is odaplt^d for severe serviee; whtia pres};i.>c| and keyid onto the lU^afl^ it is prnetieally 
a part of the shafts aiMl its twe enstimi of aiignnkeal and |M?iiiiarienef. Thii* forni 
<if mupling is uaecJ almoof exclusively on shaft wiafa 4 in. in dlaiDobT and iafgiT^ The 
eouplLog consists of twi? nistdron fkiigp^i whjeh are bolted lt>getlhir^ eaeh jiart being 
keyed t-o a shaft end. AligtimenE is secured by ej^tuiiding one shaft emi a short diAtance 

I SiMUhM. '^BlrtinKlh of Mutarula;' im m. 
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boyond od« port Ami idId tb? h^ockI port of eoupliii|^, »humi iti Fjic. or ih: 
fuAS m&y bc" providinJ with a ciMicentrir ling iuiij j&a uliDih-ti In Fig. 

In di-^iiiifiiliiit tbt' tcKipling, it k wuidEy lusiuiUL'd flmt thn miit cm the ip 

tim/iimily diffthbtjUxl i>ver thi-ir Thc^ ifetripllng niunjent ttu' 

mitpllbg [a tbeEL 

JT. tl3r> 


in tfhjcti deCLCit^ the rcM^ting moment, m.-lb^ deiioleA ihu Eklloi¥?ibie unit ph 4 '--ar 
in tbe bolti, pal, if| deimtej the iHBinoter of thtf bolta. ul, R depatefr the diplanre 



Fiu. Shiift poiiplmsfi. 


from the Axk of the shiifl to the holt centcna, in., nnd n denotes the number of boSts. 
If the strength of the coopJing is to be eqimJ to the strength of the sh^ft^ 


ntiJ 


•rfi* *i«<* 




am 


ID whirh the nntntiini fnr thi^ nmpUpK i* the RRrne m beFore, rlenutEs the nJlowufdi!' 
unit stress in the solici shn/t, psi, nnd d clenotc-p iht! dinmetirr of the Hiliil nliaJt, In. 

Rupture by Tot^otL If the fnmitilci for the unii iitress in ii shn/t s, — Tr/J is Mpplic'd 
when the sbflfl Ls Hi|l>jeeted to lbs cuiixiiuimi torques before rapture, thi- vnlne of LbeTOin- 
putc-d Jfj h fietiUcw, Is^efiusc^ thi^ nlR-«ff dLitribqtioii Is no longer lide^r. This vralqct of jTj 
h eflSi^sri the moddux of rupiaff! Ul torslon. It hiLP lhi‘ Sftme mem AH- ileectibcd for lb' 
noKlnlus of mpt.un' for iMAms. EKp^Timeiiltt show Lhfil tht‘ shuts' 4jf the torsion speeimen 
Affects the vuJtie of the Tncxlulus of ruptun* obteuEesl, so thill ^ when A sohd oinl a hoHow^ 
Hpt'rimim of the saiis^ nuit^^rial tire testcsJ to ihnt rurtion, ttu^ mcHlutus of rapture for iht^ 
Solid sperinutru muy be quite different from (hut far tbi=! hnUow' one. This indJesitt.'^ that 
eompul&tiuns involving the umt of mrslulLis of rupEMR' shnuld be rnude with judgment. 

Tofsian Combined with B’&nding. Dne eif tb^ euiom^m of rJmgti for f^h&fling 
b thnt of a shnfi whieh is sinmlnusmiLMly subji4.aed lo a twuiting moment and a bending 
mameiit. This givers ri.se to a rombi nation Cff J^^hear and dexun.^ atresses, I Iw shnar slraescHi 
Ia4ng due to the laiT|u^' «^d ib* fli^sure Ftrwws being due to the bending moment. Thlf 
romhination of sLrpi«w waft du&rusM^d on p. 3-25, and tb; rgsultant normal and shear 
ptressea wem ahown to bn; as foilowm: 



(130) 



(HO) 
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Thts^ etfUAtiDcut may bc> rTwritUin eja (dlowa, muh^ 


Tr Tr 



+ i.W-+ n**! 

r 2 

(HI) 

r 

(142} 


In Eqi. (141) and (142), the torra }^\M + (JP + 7^)^f nmy be called the equivalent 
bending moment, and the term f.lp -h mny he cailed the equivalcnT torque. 

It abould l» earefully noied ihat, wht^ii *hr allownbli? unit normal i^tress for a j^haft 
la, Ray, 16,000 pd, il is which is to be taken as 16,000 and not a. Also, w hen the alluwa- 
hie unit shear stn-as is 12.(X10 im, it is «/ which is t2^000 anii not ««. 

If the aliu’Hul'jle unit stressu^ in a deslpi problem are 10,000 for and 12,000 for Si', 
t.hi^te vajue:s would bc.^ nuhfttitiiled in (141} ami i 142) resja-etiwly and thi^ diana^prs 
deteitnitu^^i. Of the two diameters determined by the two formulas, the lai^Ker wmilfi 
the [|i^j:n. ft ran shown ihat, when ihr^ ratio nf thi^ alkiwahlc unit stress Mm* 
to the allowable unit st ' equala 2, Lhi* diameter as diUermiOLd by thi^ ziheaxiTig unit 
stmiff will goiTm tiu* de^difiK In tb* Coi!f^ fur of TmnstnjHiiurL f^haftiiig, rwHiim- 

■nendii'd by thi' and approviil by the Atiu^iricaJi EninniHi-rioji; .'Standards Committw 

in 1927, the rat in of E tie alluwahle lo tb.« aJInwable ' b to 2^ so that ^hi'ar 

govr?rniP tht' ck^igUr 

Shock and Fatigue Factors, A marhiiip part ^qjbieeted ip shock in- fatigiie is iiiueh 
mon^ likely to fail than a part sub;(H:tiHi to jrtimty Soad# only. Tht“ hdlowing faelura, 
Ki fur torque and A',* for ia-nding moment, an* rwomnumded in the above-mentlonid 
code for ^-arioiis types of loading, and they are to be applii^ in evi'ry case to the twiVtiog 
and tH^nding munu-ntn os shown in Tahk‘ It, 


TAniJi 11, ^iiDeiE AND PA-nuFK Factoda 


Katun^ of haisliujjt 

Values for 

K» 


Stationury shafta^ 



Grucliuillv app1tL*d load.... r..... ^ 

l.D 

LO 

Buddenlv applies] load --, r ■ ■ - - x. 

Rotating sl^nfls: 

i $ to 2.D 

1.5 to 2.0 



CiraJunlly applied or sb^ady Eoad-c--- 

Lfp 

1.0 

Suddenly applietl loniih*^ injuor Jd^o^^kJl otil>% ^,, 

1.5 to 2M 

1.0 to t,5 

Heavy’ shewka 

2.0 to m 

1.5 to 3.0 


TorBion Combined wi[li Axial Stfe$a. Pitipelk-r shafts may be subjeeM tij com¬ 
pression and torsion, and vertieid lurbine shafts may b^ subjected to ^ompn^dHion ami 
torsion ur tension and tondoa The reaultajit rLomiiU ami shfw Htrt^sea pmducrai by 
such eombiruitioni nmy be round by means of Eqs- HM) anij (140). For a solid shaft, 
the viilutf of s, the aNitd atreas, in 4P/r#; and tht' value nf u. the ohesr stress, id ler/ad*. 
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SubittitiitiiiB vdtM^ in Eiis- {i3Q} imd [140), wi* havn 


■•■-I* 

|-['■'-(T)Tl 

(143) 


['“+( 7 )']- 

fl44) 


spmwGS 



Then- nine vfwicmn apptiwliaivi of »prijigs to iHrurtun^ Bi'd m&chine^, for It u poeidble* 
to control the distortion of tW sprinp uruler a known loAii. ^ipriop may be ii]*4Hi to 
absorb energv^ as iu raiiwTiy ca™ and in aiitoraohik*if^ to store energj% a^ in elooki^ and 
other spring rnttum; to ituiamrc forcufi, as in ^piin^ baknn^j to bold machine paju m 
place, ttf= in owns and their followura; and to produce normal pit-^urt- in friction dendtEsa, 
a? In automobik: cliitcbsip The two type* of spring moflt wmmonly need am hdicat and 
^aoiLFiofcd spring. 

The hifItcaJ apring la commonly mmlc by wrapping a rod of drcnlar 
croee action arotmd a cyliiidticaJ surface, the axia of tha rod 
thiLfl fcirmod into a heliK, as ahown in Fign 8Sr 

If the spring is supporting an axial load IT and the mean radius 
of I he coil ie i?p then it evident that cross; ptetion of the etdl 

ifl ™bjt!ctcd to a twisting moment of ir^?. Tbi* stress produced ofi 
thi' ems» h a ionfion etruas, and itfl value nia^' b<? found 

frotn the torainn formula 



HeU cat 


H’ff - ^ 
r 

For a ri^i or wire of circular croaa uectionp 

2b7f 

*4 ^ —3“ 


(145) 


im) 


in which tr denotes the asdal load on the spring, lb, R denotes ifca* 
nu^ Tailiua of the eml, in., r denote? the radius of the wire or rod, ui„ J dcnoles the 
polar moimmi of ioi'itia of thrr win* nr r™i ct^ms section, in and *| denotes the imil 
sht-ar sin’s:!? in the wire or rod, p-ii. 

Thn above aualyw may be tiiwd for tlusoEy coiled spttngjfi in w'luch the obliquity of 
the hclit may lie uegbHiii. Whi n ibi' cdLs are open so that tk-! obliquity is app^eeiab^CH 
th±ire will lie produped a Ijcnding moment a? well a? a t wktLuK nioiiH:»ntA 
To delcmtine the ik^ttiictiou of a i!!osi>coiUHJ springy cooMdLT the action as the twist 
of a wire of a k-uRtli equai to xW hngfh of the spring, which peimits the Inad W to 
descendi Tiie angle of twist under torsion, from Eq. ( |29) (p. 3’'72), is 


EJ 


in rniUsns 


The mnminl rf, whlisli tbe lo^ IF will di'«ei‘iul, in ffu, ,nd ihi? ipngth I i, ilw length of tho 
f^priiiK. the niunbcT of eotla n nmlliplied by 2irl?, [Jenee, 


_ fi X »'R X n X X 2 ■liFJPn 


(147) 


E, X rf* £.r* 

The forfuuln Khews thnl, fur » given 1ond ittid miRilH.r ctpihi, the delh.>Rlion variefi u (he 

> ttluMLiT, "OirtOittii at IU «d.. WI. 
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uIm? R. a UkTgj’! vaJue of Jt Hioreforv wmiif a woalE, fli:'xibl& spring, and a Fmall value 
of k oivanf H strong, stiff nprijig, 

Deaien of Hrticai Spriaga.^ Il ui wv\\ to uni' h fod tit wire of thi- smidleat Jlajneter^ 
runiqjdi^iit with lilt* other reiiuiTViiiciit^^ jnnw WifviS of lyoidk'r dmmfter havo a hif^r 
vlaatir lioiit. TIk‘ taraioiiiil idocIuIub 4»f elBulidty, brtmiwr, ia cobataat and may be 
tBk-^n IV l2,0(M,fiOC5 pei far jsiim?! and fi^DO&.OOO \m for brass. From iht* standpolat of 
stn'o^th, U c-an be shown that a N|iiiirt- win? wiih a side equaJ to the dkffleler of a round 
iiin' is fi fwrteiit rtronpp'r hut haul 'm it 22 iKreent mon? uiatenaK Froiu the atandpoint 
of jj'eonaroy, tJupivfore, it is usuaLfly dL>^irabla to a round eross i^tioii. 

Fnim ti?sts made by E- T, Adams at l?ibk?y Coik^ie on gowrnor i^pnik^ madii from 
stwl wire, viir>^in|{ in dkioeter from M to % in.^ it was founil that the masditmm mfe 
fftrvss for Fuch ai|iruif^ wm a.« folkiwa: 

7500 

- ^,000 + fl4Sj 


PrMrm 11 A heliisaJ ispnng is t in. ootuddp diameter and has eii^l effeetivt! imita of 
round vrm. The stress should not exceed 03^000 p«i. What defieetion may 
be expected with a loud of 1,000 lb? 

From Eq- (147), 

. 4 X ii” K /f* 3< w 4 X UOOO X U7o^ X S ^ ^ . 

d | n --—• = *-- ^ .a a ; J.tni Iflr 

£, X 12,000,000 X 0.2&^ 


From fHd), the unit Btrera vnW Jir 


*4 


2 X i,QQ0 X 1.73 

r X 0,25* 


71,300 psi 


This unit atrtssa feems to be oxeesaive. Ue^iiR Eq. fl 4 dj: 


jr, 1 40,000 4- 


7,500 

025 


70,000 (d 


This value iniltrates that thei^priaK i^hould prnhnhly imt iip stibjoeted Jo a hiad iiopeHt 
ns 1,000 lb. 

Pr6bi^rn 2: l-^ng wire of circular cro** wiiun, didgn a helieal spring that nill do 
Ht'pt 4 in. under a load of 1,000 lb. The wire is nwde of sl«l, and the unit atn^ shall 
not exewKl 60,000 p«i^ 

SubeUtuting In Eqs. (146) and (147): 


60,000 


2 X UOOCI X k 

rr* 


4 X bOOO X J^ri 
t2,000,000 X f* 


It ift deiirablfi to have a whole number for a and aonvenient standard dimmsions for 
r and /?, Asauming r ^ H 


k 


<^,000 X t X 0.25^ 
2 X bOOO 


t.47 in. 


p A dtatuwiqqi trv A- ^ the q* torTniatM fw thfl dwiiui 4l liisavr ikdval ppnns 

nwf h" tmis6 in Frtmi. AAMiS. 
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Ui» l.A m. DJiJ mWt lot 


-V X 12,U00.(M)U X 0 MB* 
4 X X 1-5“ 


13.!) mild 


I'w 14 coiIb. The oituide ilianieter Ife taib will l>e 3.5 in.^ and the {^ritig nwy he 
fqniv$ci t3ii kti arbor 2.5 in. in diumel^r. 

Data on Hetical Springa, It w evident from tbir itfjuve dL^ctideion that, v^diun only tliL- 
load IV aiad the dt-Gedion d are^ there a targe number of ^nngt^ whSeh nigtht 

iikM .4 thif requirt^fnentft of m ^itwiKn. 

High'Cki^ rompn'Sfduii ftprinj^ \m.vv Ihe mih gJOLUkJ off H|Ukh.^ with tho oxk of thi.! 
bipfint^ an SLOW'D by Fign. 0tk and d, illhI itui beiKht i^houkl not be mow than three tlumbi 



PfcfM Open 

?'cw//s th 

spring s £i?mm sprt/^^ 

sprf'nff 

(£ 1 > (b) <c> 


Cfose^/ 

d/^ 


Fin. ^ HrLi^al coiik|j-rv?ifiiErti ^prin^ 


the out Bide diameter of the eoil- Terudon sprin#j with end hookv and coIIh ^w e<bowQ in 
Fi^, «7tft 5, and c. SUi4 c^prinjtv rw often jupaimnl and baked tn protirot Ihp material 
fmin corwion- Sprite ore heat-treated after forming. 

.Some of Ihe spednl alloy steeh twiil fur apring^^ aiich w\ vaimditnn sneola, Ka^-e ebiHT.ie 
liTnitii ranging fratn (80,n(ltl to 225,01X3 pai. 

Broiw ia lirt-d for apringa that msi.^ rtwt mrrtKion from moutun^ HpKng^ an; 

mora fspenfflve than tho* morln of rtwl, not only beeau^ bmpe weigbfq and ™ia more 
but diio beeauk^^ the permiHsible unit atn^ for braw w aimdler^ and the p^pritiga murt 
theit.'fore Iw larger for the Httiof enparity, 

Phosiphnr-bnonze wirp in helind .-ipringv* may have a tmydmiim jtllowabb iinis 
atr¥«K ranging fr™i 30,fXi0 to lt>,fX)Q pwt. 

SpdngH that aet faT^onally may iiorry a Ftrew elose to the elsifiic limit of the nue 
terial; hiii when the pimh or ptjU ia fr^qaentlv repeated, a factor of safety mturi be uwd. 
The mojdmum unit torrioiml jttt™ in a iteel rtpring, clomng the vaJve in a engints 
should not eseced 40,000 jwi, which meanM that iL nhotjjd have a factor of safety of at 
leant a, - 

Siogle-'Ioif Springs. Flat springs jeomitsting of a fftnglo leaf may be uakI as rant ilcver 
tie*™ or oa heaniii with mora than one jnjpport. Thi! unit ttie^Isai that namlt will be 
tcnwte on one outer fiber and compretui ve oq the other. Such liprio^ may bo dodgned 







mm/ 
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ST. K^llul Eension Sprirti^h 


by iHL&Tu of thii b£^m tbpory given in p^tiviciiifl aecition-s pmd ihA^y mfiy be of untforni 
cfOttFi Hyctioti thronjn^Oiiit or may Ijo dicsisrwii! as beanw of approKimalply tmiromi Flrt'THEth- 
Thu- dpfioctioh fonnuloi^ for U-anitf of um/iirtn lEtrvngth amJ rvrliiiLgular enwy election 
ari?^ Eiwn in Tabk: L2 for jKimo of Ehe enunmon nytes. 


Table 12 , Ppflectbons or lTNiPOiiM--mEBSfSTH Bea^is 


Kind of liottai and Ixmding 

1. Simple beaf^^^ aupported at itw puds 
Conwnlrated biad at center 
Cotutaiit bn^acRb, vm^'ing depib 

2. SimptL^ bcajHi HupiJortpd nt Iht' ends 
Cpncoiitmled load at eonter 
CoTUit4iiit dcrplhr varying breadth 

3, Cnotilcvor beam 
C^TContratod load at iftv end 
Ontidant braailtli, vaiyinp depth 

4, Can tile vir fcMtam 
GoncentnitiAl kiaii at free end 
Coii?jianl depth, vatyiny bresulth 



Maximum 

Dein'tinnr 

iiL 


JL 

2itE ' 

3P 


: \h / 
\h/ 

m. ~ V 
“ hE \h ) 

hE\h/ 


In the frjiugninjf table, d denote^ iht' maximvim deflection in incheM, P deiii)t4>ai the hia^l 
on the lHiim in Ktlenotc^i thi- oifnlulu.^ of elai^ticity in tension or L-omprewdon in 

pounds per nqijare inch, 6 den^itea tbe niaxLinym breadth in inehiM, A denote* tb« maxi- 
mum depth in inrlii'ri, hjuI I clennte* the length of the Ijeam in ineta^. 

Ffohienu A fhsi sitwl spring U to carr>' n load of o(M lb and i* to deflect ( in, Th& 
length o/ tlitf spring is 24 b-, tlie maximum unit sdiall not exceed 50pCM)O psi. 
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the spline ^ 3«pp«rted hi the entl^ and knnikd trilh a roii4>eiitrmtec1 loud at tin; mkhiltv 
and Us lo be of coiurtaul rUpth and voF^lns; breadth. 

The nmU^rbi H-ill be Bteel having a tUfOduiuB of pkaJtlrity tjf ^,000,000 pad. 

From the wEncss formulji for h€?iiin.^. 





From J2, 


50,000 


mo X 2^ xn 

1AA» 


d 


SbE 



3 X 500 X 24* 

8 Xh X 30,000,000 XA* 


Splvine for tb« br^wlth A in each case and pultlnx lhe:ie eqtml b) each nthvr, 

we haw, 

500 X 24 X 6 a X 500 X 24* 

4 X 60,000 X A* “ S X K),000,000 X A* 

A " 0.24 in, 
h « 0,25 in. 

The spring would have a maxiiniim breadth of 9,2a in. at the center, upeiing to a 
point at the emk, and the ixtr^iont depth would be approximately in. 


Tjim i na tod Springa. It la pow^te lo deaign apiinga xioing several platea and thm ob¬ 
tain a Kiven deSortian for a certain loft<l without haiing eseesaive maximum brwith 
ot sipting. 

Figuit- 83 rtpriak-nts a Inmioateil ppring having five plait-*. The plat** ans aoaumrfd 
to have been cuf from a aingle diamond-shapi'd pkte, Fhow ii in Fig, 89, which le a hearn 


«<« 

I'la. fiH. Umiiinmcd Jiprinjc. 






> 




Fm. fi9, LiunjiiBtwl .prinft 


nr uniforro rtn'nstli with ffflutAiii dspth luid vao'ihK bn^mlifa. Thi- ipiin* in Fig. »S 
will Uiert-fuiv h- » bwiro (jf upprcutiiMi^ly uiuriirni »li.>ng«h, fhe mucinium dufli^Rtian 
and miit BtTiM* of which will br the lUunc u fot tlw in Fijr. gp, 

Tbc formulwe for imit Btrie«; himI dufli-etioa la tnimis of the now bniadth and nmnber of 
vkt«e aro 

3 Pf 


d 


3P(* 


tlSO) 


afn&'A' 






















SPRINtia S-Sl 

in whicJi» denotw tlw tuimbor of plaics or Iravcs In tlsi.* Aprinj; and A' denote* tbe hrpJuith 

of the linninatt^l 'm mchef . 

If we take the sprinfc duriijMi in tbs pnwiihg scetion smil rvpkee it with fivts plat€ii, 
the ni-w width w^M be 6.35 in. divided by 5, or 1.25 in., wliieh would malio ft mueh mpJn> 
pmelical design. 

In lanJrkAted springvi skrtoftlly ti£*ed, ihe full-lphKth Scaf mtigt UFuaily have a square 
ntid by uetuu of whirb H aui be fii^ttin-d to ila flUppt>rtA. .Sometimes the shorter Jeavew 
afe ako mt Kiuare at thi? uatk, aa ahowo in Fi^- 60. Tliia eliMijfe niftki^ no error sq far 


rrTrrrrrn 


Flo. OQ. ;Bpjiiii^ w'ilh HUlwTe ewli 


Fio. Ui. Aulotauhll^ 



Bi Eq, (1^0) k coiiPi'^rne«l, but the defleet ion aa giwn by fl50} might not bo quite 
correet, for the ends of the* tea^i-*a are not pointed. The emk of the aborter leaver are 
PK^meUvnea rounded and umdo thinner ao bj« to approiiniftte the iKiinted eondition. 
Figure idiowiii an nutombbiie wpritig with the top teal lljout at ttk- eada to form ahaeldefl. 
J. B. Feddk ^ has ^howo that the funuula for the deflection of fuit-elJiptie leaf ipringi ia 



iS 

P51) 

and for seipjetllptic spring is 


2PS 

d “ 

iE 

£152) 


The notation ia the mme aa beioni, and k a factor tbftt depeijtdH on the ratio r whieh ti 
the ratio of the amnber of fuIUength kavet lo the total numher of leaves; i^e.^ 

number of fulblength k^avea 
tolnl number of leaves 


^ " trbji - 2^t - r) - ^ lo«, r] im 

In Fig. 92a, the w^idth w, when- the lea vis ate bi4d together by a band, k TK'gtert«‘d, 
and lht‘ fength of the ^^priiiR I k taken ns indicated. Peddle poinls out that it u nepp^iHary 
to have thii points of the f^horteuLMi Itavegi tapered in width or in thirkni**, or btiLh, as 
i-hown in Fig. 62t. m fw^ lo make the transition from one kaJ to I hi! next gradual. 

Thi!- unit ptress m to be used in F^s. (151) and (IfiSJ inay be ealeuktod from thu fok 
lowing formulftH the load P being the one indicated in Fig- 92a: 


s 


HiP 

nbh^ 


(155)* 


It k evident from Eqs. (151) and (162) (hat the deflt;ction of the full-elliptic spring for 
the name kihil k lioubtf that of tbe iemiclli|3tic spring. 

1 Awt. Apr. l7; IWt3. e, 

^ l^K ii M ■l■□at] iiL Elflr 
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The k-Jiv^ qC & iKtnitiAUid ^pritiit oft^^n ipv^n an Init^ curvAliire^ id thftt they niU 
tend to nlrjiigbtcip umlur the lijoj iind be Btnii^l when fully loitded. When thi^ l» done^ 
the deberlian diJe to fidl Inod wot|]d cleLertuiih- ihi- curves un^ ef tlh^ plmtefl. 

It will be nnicd thut the fidblenuth pbite \» b bedjn of eoiutbiil mss seetioa, when^ 
the ahorter no^ tiul, with the that the unit m ihi? looit plate mil he 

Ijtreater thjin in tliMj ifhEirt plated. To nvereomr this di-fect, E. fL Marridon. * hud m%- 
^ted that ibe lEhork'-r pUtea be g^ven hei ndditiunal ifutial eurvature, ec^ual to thi* dlf- 
fecenee in dedeatieii Hhirh mi^hl be expected between the dtlS'er lulijc plate and fliir^ 
ahnrier plated. After in^miljllc]|^ tbe Spring, the i^hort plated would then ha^ie an initied 


P 



etress, which, in addition to iImj wtrriis? indueed in thj'm by the load, wQv.\d eauBc a uni- 
fnnnJty of ittrqm* in the Hpriog unit. 

Data on Leaf Springs- higiiiri.i Q2a Mhowif n full-t.'-iiliplie sprinig^ mi cidle^l on Beeonnt 
of its form. A semieiriptie epring would iwan the^ upp^ir or lower half of \hv spring 
shown in the figure. Hpring# with roundixl ends for the jihorter leavEM mv used tn aulcn 
mobdcfi, and ifprings with Ntunre ends an> used for locomoUvei^, 

Springs aubj<‘trt*d to ^twidenly applied EnodJi an- often |irr^vidid with rubber bloeLn 
lu prevt^nt wtal-lcHim'tftl pboclc, the relyMtirl Ih^ing obeurbiHi by jinuhN^n of various 
designs. 

A hiKh-Efniki alloy hIlvI la uiwid in iIh^ imkiiuraetun? of elliptic Hpriuf^, and the hi^t- 
treatMi^nl of the pktea is an ImpDiiant part of ihe proAwf of raanufaeturt*. 

The maximum unit slress idlowml in spnngB ilep^^nik on the thiektKw cif ihr plates. 
It ia usually taken os lOO.tKM) psi for ^^^,4n, r>lau*fi and 80,000 pei for HAn. plates. 

The rational dHgn of all classes of ajirinp should be ehtTk^nJ by peiformaiua^ teirts. 
This Lf Imperially if tht^ design ™nteinplates the tifnj of upringsi that are to function 
Ofcurniely with niwpeCT to Jowl and deflect ion. 

THICK CYLINDERS 

When Ibo ratio of the dii^eter to the thiekffl^ of a cylinder U 15 or gTXiUter, tk^ 
maxtmuQ] unit st dtK to mtejroal pressune bi noi very much Kcsater itian the averagi> 
unit jitrwM, and the aasumptbii of unifamt Mtn«F inrn^ ih: thickness of the cylinder 
wad may be tajely inadi-. This aasumpiiiat eannot bo ina^le for thick cylinder* under 
internal prtmsiue, bucQu^c is a conaideFiible diffcreJice b t wl^i^u the tna.xitnum tensile 
nmt tftR-ss on the inside fibiT nml the miidmuni stivm on the ouU-ide filjcr. the 

eirrumferent iol tenaiJe ibi-re exiala a radial rompni^jve atrew. W him & thick 

cylinder is nuhjected to external pRasure, the ctitnimferential streaa la of eouroo campT«- 
siw. 

^ MocJbiMPVi Jiauaryi lU ID. 
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Thisfi* arc i»vt*niJ futtniilai that mn‘ to ik-lerminc the tn thick c^iuidcn^^ 

thnste of B&rluw ami I-amt having; been uw^d coaridcr^ly b>’ design un#inj-cffH. Lanif^jc 
formula ia uaed by many tMifsinL^-rs for th^k-walkd raHt-imn ami alwl cylLtiiU^rst, and 
BarlowV fuftnulii for medtiuii thtck-wulted cyiltaki^- 
Barlotr^S FonnuJa, Barlow's forniyla awiim+^ that the volume of metal in a cylinder 
does not ehanjp! dunni; ihe eapaiwon of the cylinder, so thar the unit m vnries in- 
viirsdy as fbe aqiia» of t ho nhdiui=- ThereforeH 


ir^ “ nir/ 


in which ^1 denotes the uidl stn^ at ihi^ irmde Sber, pw, ti denotes 
tho inaiidc fadiuF, in., « deiiole# th#^ unil sires? at any radios n p^L 
and r donoti^ any radius, in. For I'qtiiEibriuiii in Fig. &3p 


and 




/n+r 

/ 

Jpl 


Pi 


ri + f 


i\m 



PlO. SM 


10 which denotw the inlemal pn^ttsurOp peip and f denotes tho tbieknors! of tho rjdindoc 


wallp in^ 

Equation (iS6J may be e3tpreiw*‘d as 

2sil 


(157) 


In which ifa h the Dotsido dianiiHterp in. It will bo noterl that Et|. (157^ is tho same as 
thal for thin cylinders, except that the uutside dbunolor d* l-i used instead uf the inside 
limmc'ter. 

Lam^'a Formula^ For v^.wy thick cylinders, many ijejdgn make u#e of 

lAimi'a formuln. In de^^lopion the formuln, tjtra^ assumrii that t^eh particle of meta! 
U initsjocUfd to a rmlinl oompn^ivo stress and to a lonjptudiTud and circqiiifenntial 
I ensile ptn'«jf. The fnrmula is os fotlows :' 


* 


P 


rr 4/1^ 
ri* - ri® 


(las) 


in which a denotes thi' maxi my m unit eircmnfereiitial sti™ on tbi» inside of llie oylindcrp 
pai, p iterKito^ the internal plv#^su^\^ fwi, r^ denott^ outside nuiius, in.p and ri denote 
the inside raitius, in. 


Solving for rj: 


ff “ ri 


/< + 

yiT^, 


SubHtitutinK rj + J for fa unJ nolviiis fpt J; 


WhiMi part iron ifl itHil for hvdrMuliP pj'lliider^, ibi iron dhoulrf bo and 

for rtirh PBHt iron hji allowablo loJinilp fifn-r (flrw? Si* hiRb ua S.lWCl fm may hp iwe^; for 
rtwl cv’lindtrs, an albwaJilp tensflp fiber Ktrrw of prt i» [[yamniic 

rylintterf wp usuftlly iiapd with bnuwor branEp hushini!)* to pn;vi-nt lb*' romiriw bpIUki 
of wifttor on Lfun. 

^ MoiLOT, 'VlTMiOth of Matrrlalj*r 3 d ed-. P- * 03 . 







MEeHAKlC^ OF MA'fERIAI^ 


Z-Si 


PrMemx A RkSt-iron hyilraiilic cylmder tui* h boru of ID in. and k to an 

intertuLl proisurv of 1,20D psi. I>elf^nninp the wnli thipkiuwi if the tetualc ii not 

to exceed 5^000 p®. 

.According to Barlow’e forrauia lEq. (157)|: 


lEtnce 


i 


l,20»Y; 

2 X o.OOO 


- 0J^2 


t 




-^1 

2 


di — ID “ 0,2Ma 
di - 13 2 in. 

I M 1,5S in. 

According to Laui/l'is forrouiji [Kq* tlSDlh 


I 


^ / JS.OOO+1,200 
® \\5.(KM) - I.20D 


0 


I » 1,4D in. 


Stum Cylicdeni- SU-aitw-agtiie And pump cylinJon nre not cljbi^ilicd ba LhJssk or thin 
cylimlerHp utlhouj^ it u pto^iaJdy (safer to apply llu.! thick-Fylindcr fortmiljiA in de»gii. 
The following empuiceJ foimulii^ have been iiAed: 

J, H. Bajr * gjvufl 

I = O.OSJ +0-3 in, <lllCi> 

Ketifri MeohiLnicKl Enginet^rj<' Handbook'^ ^ vl^a 

I -O.0(XWdp + D.3m, 

Mark’d '^MechaoiErdJ Enginei^i^’ HmidlKrok^' u^vw 

i = DJMOSr//^ + D 3 in.* (152) 

In the Abnve. rm-tntilBa^ i denoted I lie wiJI in.^ d denote# the bon? of the 

cytiiakr* in.^ and p denoti^ the ^«ini pn-wnire, pen. 


FLAT PLATES 

Circulai FUl Platts. Cylinder heAiia, pLsluitH, and other circuley flat platen are lie- 
gigned according to ratiinm] fomuLap which have ht'vxi de\>elapec| from thi' bive^igatioru 
of CniJ-hf?rp Bach, and olheri. Thew: formuhia jpvL- result# that agree wilfain rea^iiabk!! 
limiti. 

For rirenUr flat plates, ai ihe and unifonnly loaded: * 




ties) 


in which M denotofl the ma^Lmum mdial and tangenlla] unit eirviSB, pjd^ which orcixni at 
iho outer fibrrt. al the center of the platti; p dt^nntea the pn'^siTure on the plate, pid; r ik- 
noti*# the rBihiia of the plate, in.; and I tknotes the thiekneafi of the plabr^ in. Equation 
C153) is buattL on a value of 5.25 for PoiKHon^a ratio. 

I TVaiu, ASMK. VdS. Ifi, p. 74L 

* Tlib mUni' «f t ■]!□»» Ear i^JmpUnf i^yUibdve oirter to wmt, 
mil Mil^rtilp.,' M «i.. |i. «mT ihd "^Adtured <4 NUi^ 
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For drculftr ftait fixed oi tite and unifajinly lowdeti, tlii> lornulB ifl 


3 ^ 

'—An 


(JM) 


Eqii&tidn tlW) the muxiinuni iihit j»trew in the plnte^ whirb h the ntdml ntne^w at 
the cirminfcrernre- 

For circular BaI platen supported nl ihe rdgr^ oJid with a load ujilfurml.v diKlributed 
Qvnr a HmM]l circle qJ faditw n> at tJii' fv.uivf of the tlie forinulH i# 


« 


_P /| 

wf^ \2 


+ 


13 T tl 

S rs 32 r»/ 


(165) 


in P dciwUm the center loaiJ^ 

Equaiion (16S) givea the masinujiu unit Htrem in tbe plali', whJeli u the iniibi.1 anij 
the circunifcreutittl atrese at the Riuter. 

Equation (165) inay be written $a 


t 



(166) 


in which K equah ihc paienthwtot In Eq. (165), 

Table 13 fthron-M tho value of K as the ratio uf r to change. 


Tahi.k 13 


Hallo r/r& 
10 
20 
30 
40 
50 


Value of K 
5;Tii 
7.12 
T.Sti 
S.42 
6.83 


The aiwve fnmailaj! on fiat platea do not lake into aecounit thi* practice of adding rc- 
inrnrcinK to large rylifidcr head^- Thi^- added i:liireiLiii# mi^inU^nf mlncir the 
meudmum istn'ss and are citi the side of salety^ 

Rectangular Flat Plates- ih^ctangular flat plaU-s an^ u-iuidly ribbed tor addi^d strengtli 
and ftifn™ and an? «o proportioned that the easling will ht^ soiiad and true. Kibbl'd 
fial plate#, such ra covers, are di^igned aecnrdinic to empijlcal niJu«. 

RircUTVEulur flat plati^ nithout ribs may bi' designiHEjl arenrding to the following ra¬ 
tional fornmlaa: 

For rEctanguiar platei* aiJppi>rt«J pI ikt and uniformly Inadifd; 


1 


pf^tr 


(107) 


in wbieh n denolea the maiimuni unit psi, p denouw the prtaaun' on the plate, pin. 

i denntcfl the lengtb of the plans in-c ^ denotes the width of tht' piato, in., and t ilonotes 
the ihirkni-s? of the iiJaler ^ 

For reel angular flat plati^s/^cd uf /Ac ami unironnly Icwled; 




(168) 


3 — 
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HOOKS 

Iti thn di»miM>ion of i?urvH b4*fln4a. It tMi* DiPtttiiJdjud that a book is an vntample of a 
eurvud biAm. Tht- fonnuian dfrivt?4 fnr c'iirv<?tl tuay tberpfom bt* nat!*4 in tKi* 

d^Rti of hooka. 

In Fijt. 94, the IdaJ P pnoducea n direcl tenaioii and n fle^un? ?tn?» an the pectioEi AB. 
Ttw praportions that are commonly ufstNi m the dredgn nf hookF may he found in the 
vnrioiiA ebi^neoflng handbooka.^ 

Probi^m: For the hook ahown. in Fig. 04 , the bad is 90,000 lb, and the hook lusjs been 
given dimeEudous that arv communly uhmI. The n!La.^i nmiti uni I strewed in ti-naiyb 
and compresRon are to be deh^rrmoed- 

The dLaU'Oisikins of the cross section at RA in Fig. tH are ahcnim in Flgr %. Far 
eanvonience of caLeuIntian, the erms section of I ho hook la iningfortniMl into thi- 




Fia. 


Fig. eh 


trajjcxuidjil Bection m iniJimUnl, the area that is sutilrac-U-d bulng made approximately 
equal to the ftfiH that id added. 


(5-F 3,5) X 7.5 , 

Arm —--- - SUsq in. 


^ (5 + 2 X 3.5) X 7.5 „ „ . 

f ^ *3 in. 


3(5 -F 3.5) 


5,/^ 

/« + . j7-as + i 

The viLfiabb width - 4,3 — 


- 7.2Si 


r+*^ / 
7.2fl 1 [ 

J 

-■.a 7.2S -h p 

\ 

- 7,2a i 


J ^ 35 stj in . 


J HAi.Kirr. "'tl snahwl t For MiEhltifr EJmintr* uu! OraitHioan.^* «d., |l 4Sfl. 
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m Eq^. (Sfil And (90)^ 

30,000 X f.28 / 7-2S 30^1 

*' ^ 7.2Bt35 - 31.8j \7M - 3.33 31.bJ ^ 31.i 

-* 7,«tlO 4 U40 = 8,BOOp@i 

^ 30,000 X 7.^ y 33 7M _ \ 30,000 

'' “ 7.2S(a6 - 3J,S) Ul.8 7.2S + 3.97/ 31.8 


4.230 - 340 « 3.290 pA 


Halsey statL* that for a hiKh jfrade of WTOughi Itpu, properly liLiit-tJrcuUicf, a mxid- 
mum tuiit icusile siT^ uf 17,0QG p« is permi^bte* For wrouftht iron witti an lUtiiUMm 
teiifiiie strength of -IS.000 psi, ihLi cannot be eonshiercii safe, especially when it ii rt- 
niembered that a hook may be MJh^'ctod to a ahoek loml and thjil there U ecmisderable 
danger to life and limb In i^ase? of failure. With a factor of safety of 7, iho Hllowahle 
UJiiL atres* ta about 7,0OQ pw for wniuEhi iron nnd about 8,S00 pa for steel. The fore- 
going computed nuLSiimuni unit aLres* may therefore be csjn^dercd aafe for s hook that 
Ls mncle of a good grade of steeh 

If the turvalure is neglected in the above problem, tl^ie ma^mum unit teimLe stress 


Ls aa follows: 


4« 


5^ 4 (4 X 3 X 3-5? 4 3.5^ 
3(M3 4 3.5) 


14S in.^ 


Me F 30,000 X 7.2S X 3 53 , 30,000 

t.-T + j-lis-+-SO' 


- 5 , 2-20 4 M -* b,ltiO psi 

'rhbt uilculfliinn shows that Ihe flssunnt unit is much too low' w'ben delerminrd 

by tliw approximate meth^Ml. 

" SuroetimLa the cros section of a hook \a of such ehji|M» lhal it catmul be convimiently 
broken up into a read for which the factor A* may be computerl. fn such cafiea, the 
vahie of A* may Ise determined by employiixg gmphicftl or ss^mnKmphical tnelbods.^ 

CASTIGLIANO*S ENERGY METHOD 

The theorems of Ctysligliano may be stated m followTi: 

1. The partial derivative of the strain energj- with respect to the deformation ni 
the point of appli^atton of one of the eNt^rnal forees givcis the value of this external 
force. 

2. The partial derivative of the .strain energy' with respect to one uf the external 
frirretd givta the iJeforiikEtion of the ptant of nppUcntiua of ihLii external force, 

3. The valueH of tlie unknown Internal and external forcfw corrtsfpond to the niirdmuni 
i>f -strain entirgj’i and ime tan ih'termiue tike valui^s of these forces w'hen the partial 
derivativi* of the stmin enerKy with resptfcl to these unknown fnrHS ate set t>cpial to 
zero. 

For axkfil strijss the energy U may be espreseed as 

in which s is the unit (rts™, p«i, E h the nnHiulup of ehuitjcity in termion or compression, 
psi, .4 is the area of crewn icetiom m and i is the length of the Iwir, in, 

I M oilmTk “^irotiatth <if ySatwitabi"' «|_r [a 3^. 
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For CAUsibd by tittidiDg momcrt the folloH'iing cicpntwkr imy b« iiai.*d; 

St* 

IIS9) 

For b-y tiHiiUMi the following ^spnaiiHoa tuny be lucd: 

{' T* 

(*70> 

U2EJ 


Fcr eiuTsy caiued by beam ebiw thi* folia wing Etmation may bo asdd; 


mn 


[t can be shown ^ that, when tbe |s 3 J-tial derivtitive of iht ctuirg;\' u iaten with reapi'ct 
to the moment .If of a oouple appliud at a fwinl on a bea£t 4 the itsariill wUl ^^ive the 
lar di*pliiceinent or akipe at tho point whi'iv thL» couple la applied. In the same maime^r. 
In torsion^ when the partial derivative of the eiier^v*^ h taken with n^apect to the torque 

T the te9i|k will fp^T! the anpilar difiplaceinent 
or atlttle of twi»t. 

Tht? euerity meihud will bo Ulufitrated by 
w'orkiug out a number of eumpba. 


"T 


Fm. m 


4 


Exaitfp^f 1: A cantilever beam carries a 
rtinRlt? conccnimted load ut the Iren ^fid. 
Determine the defiei^tinn of the beam at the 
free end. M shown in Fl^. 90^ the value oF 
the bending P^omcul M at any seetinn of the I'nmnn equal to Fx. l^n U-^njc Eq. 

im. 

U m i -dx 

h 2E['^ 


The partial derivath^ of the encr©' with respect to P will gjvo the deSectlon of thu 
beam n^bem P is localed. 


ENidectian 


^ H 
dP “ E( i 




El V 3 A “ Wl 


All altenmtivo method in thi* folkiwiug^ 


Now 


Tbenjfotv, 


u 

Defleedoti =- 

M = Pi 

Deflwtkih 


Mjdx 

^2il 


-r 

^p “ij ‘ 


dr 
El 


imij 


DAf 


i^ Pr jr iJr FP 
i El “ Wl 


Examyir 2: A cantilever Waiti u kiuded witli le li> per unit lengthy and Lbe maKimuTii 
defliH'lion of tliC bcaiii la to be determlmNi 

k TlWuWi ' 'iHirnttlClfa <ii JltfllerUii,"' ^ a4-, P*ri [, ^ ^^1. 
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In tlufl caae tht-n? 10 no Imid at ihsi free f.mi m hi-n! tin* df'fiiHstiun dipiiTd, nod it ht 
to iittmdiiott a danunv load whiirh m latof £i]lowe<4J to nqiinL £oro. Frofii 

File. ^7, 


tVX’ 

^f ^ F'r + “ anii 




Thph 


th>f)i>rtioO 


a£/ P MiaM/<iP')d^ 

“ i Mf 


Now kt P* pqual and aubetitiito in tlip (‘fitmiion 


Defleet ion 


dU wr 

(iF “i 


xd^ 

w 


w /P\i Tip 

Wi ItA “ 


WP 

SE/ 



Emmjiie 3: In Fik^ 9&i a eimilar rinp \s Abown whose crDsa-secttoiiAl dimensLons 
nre nmnli c«>nipikTed nitb the radius R. The moments at A and at B are desired. 

In this eartp it ifi oanvenient to consider ibe forces on one-quarter of the ring* ns shown 
in Fiji, It is evident fmm Fig. t>Sa that the slopes at A and at B do not ehanite. 
Therefore, the partial derivative of the enejrK]i' vAih respect to Af^ may be ptaced equal 
to zeror The moment at itny i^f^tion C 

Mt - ^iR - 

I 3inil ifn ^ R t($ 

AU r fl [Xh - {PH 2 Hi - rofegiM?^tf 

dAf. " / El “ i El 


\f - 

also 

& .M _ 

a.l/e ^ 


- j; IW - m. - « .11.’ - ^ - (; - .) - o 

Prom which 

.Us ” y(' ’;) “O.IS2P/f 

The tnouient at H b then fui fnHuwpir 

Mb - .W, - ^ - 0,l»2/’ft - - -0,318W{ 














MECHASICS Of MATERIALS 


3-00 


EmmpU 4: In Fig, 08 dpternxitj*! tht» tiiiL-miK; in tlit diam^MT from B to /?. 

In t.bUi aw WT? d£^t«•rmio(? the Enc"rg>" for the rinit and Jnnce thora itre two octiml 
lixuLi f*, the p^rtml deri’rativi? of fufrigy wilh iieaifipft to ttilJ p^ive thp moiitimmt 
j&t both and f) whore tho lo^de B nit- apiplied. 


Since 


nmi 


9P A 


.\tiait/aF}Rita 

Et 


^r - Jf, - ™(1 - coat) - ^ 

PR t 2\ 

flA/ ^ / 2\ 

A/> ■* 2 (““® 7/ 


+ 


'2\' 


PiP 


d$ 


V-i p-/ Hi 


PR^ 

E! 


Exmn^f Aiwruiiip thut the arch rib of a Qtionset hut is a aamicircfa^ that it is pinned 
At iho bottom, and lhal I ho load is imirormJy dlstribitlcd ulniig the length of ihi! arrh- 
The cross-swriinwil duui-nsjans of tlwi lih are fimall compared with thp radius R. Neg- 
leclloK lh« imergj' of fthear anil dii^l witreas, delierminp ihr honzotilai ihntd at the 
liottom in terms the toial load airrifH:|. Figure ft9 the foree*. 



Fifl, 



For the load on the are subtending I he anj^le the ct-ptrokl is on the l]iFH?elor of ^ 
at a disiBOrt- from 0 t-fiual to 

2W sin — 

2 


Fttiiii the tfum of foncee^ Along the vertii'Bh 


/V 


tjrwk 


The Ijt-iidkig mooii^nt at Any seidi^Hi € in 

M ■ — «K* -- fVH ain ^ — urR^ co^ f « 







filBLlOUftAPMV 3-[|l 

Bccaiwe Khm is no inoveiTbent %i Pjk^ tin- pairliM liurivAtive ef the eii*fKy with respect 
U* P* nmy be pUced lu ecjtj, 


SLnee 


r 


El 


0 


.li/ 


—H (MU ^ 


0 - ^ Jp s* rf>6 ^ ,>iin ^ 0 

-f ■ — sitt ^iHki^nin euw ^ miii ^ J 

FJP 


FirKi irtlcuui * — 
Sccuiiil 

ThinI iiit^L'ftTHl m 
Fijurtli inTegral ™ 
Fifth « 


El 

F^iP 

2Et 

4£/ 

trlFr 


4Er 

uIFt 


REf 


^"ttlhjc iJk,* Mini of tliC]^ tM|iidiJ to 3 E.eto uivd ^Iviiijf for P 4 : 



jtE irft 
~2 


II 

— - Qjmw 

2w 


Thin neaoilt sibfjii's that thv liu>ri20fiteJ thrui*t ih nboyt It^ pieroent of ihr^ tatnl toaJ on the 
uifch rib. 
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HYDRAULICS 

By Ernest F, Bra ter 


Thif FwrLiaii will trt>At of Diethmls^ of aolvitig probbrnn iovolving fliuds at rest and Lu 
ntoliim. Flilida d^i'f rram solids In ih^r inaliility to ^ibtar ^Iresees c-^xc^ept by 

Mnlinunuj? iJcfcirmatioft. liQUjdjS ait^ fluids wbidi lifti relatively incHimpregsible. Whtin 
lliL- voUime of a liquid is- thaa the vnSumo of iu coatainer, a free Hurfae*? k fanacd. 
Oasit'a are fluiiiA wbieh aft? eaKily ftimprea4bl« nad which fill the cfitirc votiuue of ibcir 
n^Eklaincr. Many phfus^s of thiti itiibJcGt will be t.ri'aled In a muantir tiuflliiHtfiitly general 
to piTiuit tlw i^lutioa of pmblcaig iiivnlvia^ any fiiiid. Ik^'aUMF ihn civil oaginfttr bi 
primarily conccriMsl wilh prohinnu* involving walcr, tnoi^t of ihc lIliiFErative probleu^ 
wilt deal with this dutd. 

Dimenajons and Uait^. Any quantity ujseii in hydmiiljcs miiy i>c cxprvwod in terms 
of the three primary ditnetitfioiiti' length J/, and tmai 7*^ ia the fDot^poLmd-^ 

second flystein, the Uuiic imits of iht?^ ih™ dlrotiDdioTifb are feet, flugs, nad weonchi 
respectively, Accelnration d nuty, for example, fw described dinienfloimlly a,-^ ft-^q pi‘r 
s^-cond mr wcortfi ift per aec^ j or As a further example, cnnaiJer the dimensiDns 

wf force^ The unit of force in tbt^ foot-polind-Aermid system is the jsiLifKl, w^hiGh ia 4t- 
flneiJ as the force nece^swaiy to iijceelerate a mtam of J Ming at the rate of I ft per eec^. The 
basic defimtion of force In exprcsseil mathentfttieally in Eq. (I). 

F « \ta ft) 


H thn dimensions of ncevleratinn ^ven almvi! art- 
dlmeriHionaJ equation is obtained^ 



inserted in this equation, the following 




BxpTwof! in words, the dimensioiw uf fonse ar^- seen tn be ilugs-feet per wL-cund®* The 
dimensifiTui of the quantltkH ronMnonly used in bydraulira are given in Table 1, eolomn 3. 
Thi.'i^e dimensions apply t o any systeRi of uni Is, wbeneas ihi' imits given in eolucon d 
ftpf rhoft' of tb' fnot-poundH!^'roiid syelcm. The dimenaiuns of eolumii 3 am ujsed in 
diiwmJfi'oi 3 <d nnflfyirw, which ist a rm-thial of arrangiiig the quantitk^ upon which a partir- 
ular pbenoinena depenib into a form. Diniensionat humEi- 

geneity requin^ that an oqualily have the mtnv dimenfion* on either ade of the equal 
sign. For esamplc^ thi' oxpnfBSion ndaltng prasmim intensity p to dejjth IhOow a liquid 
riTjrfnce h Is 

p m- icA 

wb-rv w is ihE? spH^he wdglit of ihi^ liquid. If iHi- dimensiom of (hese quanliliri!K, rn>m 

4 I 


4-2 KYDRAULICS 

TwLli*: Ik ahi kuivftod Into the ntnive t!xpn.^iori, tht^ fallowing (Xitmtion 

obtalT>es3: 

i!L = JL vr 

Lr i*TS 


Tabi^e 1 


Qttantity 

(It 

Hymljol 

{2t 

Diiu^n^ns 

(3) 

Boaie units 
(Ftdb-aec ^'atCEii I 
H) 

[icngih „ - ----. 

(, d. D, h. U 

L 

Ft 

.Area.. ..,. 

Q 

L* 


Volume.... 

V 


Cuh 

Tune 


T 

Sec 

V'elocity.. 

V. p. u 

yv 

Ft wr aee 

Radians pi^r sec 

Angular vehjcily ....--- , . . 1 

(otoega) 

jt-i 

Aecclerstkm, + -.. .. 

** 

l/T* 

L\/T 

Fl per sec per sec 

KincuLAtic visctwily. „ , _ .. 

i S (nu) 

Sq El per tiec 

DeM^h£L^gc. .. . - - . 

Q 

L*/T 

Cij ft per see (efai 
{hep-ft) 

Slugs 

Mass-., K - P = .. 

M 

M 

Density.. *, . * h ............. 

p (rho) 

M/L* 

SlugA j)er cu ft 

FoitsL w'eiijhl— ... 

F,W 

ML/T^ 

Pounds (lb) 

ISpeeine weight (quit wrifchl). 

AWoailv. . 

w 


Lb per cu ft 

II (mu) 

M/LT 

Slugs per ft-aec 

Surface tcoMlon. . . . . , 

ff Ijtigma) 

,\r/'n 

Lb per fl 

.Afodulus nf clast icily fhulkk . 

E 


Lb jKr sq ft 

Fressun* intcnsily . 

P 


Lb por sq ft 

Khcar atre^as.. ... .....*_.-, 

r (tau) 

M/LT* 

Lb p^-r sq ft 

Momentum nr iminilHLv . ^..., 

. .w . . K . r + ir H . 

irt/T 

Stuga-ft per sec^ nr 

Energy of w'cirk.*...K, ... 

Power ...... 


.Vf/.*/?" 

pound Bcc 

Fblb 

Fl*]b per aoe 

Sperlhe gravity .. 

sp gr 


tt will that the two sides of ttu^ ^quatbu an* diniE^nnonally et|iijvali.'nt., thi^A 

Hhowing Ihal expHreKtlon f^ir pnemiix^ b dimL-iuuc^nHlI]^ bomo^nt^uji. A tmtnbcir of 
i>tlu:r ctunmwiiJy u*ed forimiljiHK iu?h for e?!Qfiiiipk% the Cht-zy fannula 4 157) ati* tB>k 
ilimfinsiomdly homof^eifafoux. One BJ’lvonf Age of a ditiietLHtnnally humoj^eiaxiun 
won is that It cun be used in my syptem of units whhnut changing numencui rotisiiknTs. 
SonKtimps^ lack of diitvpnsiotfcol homngi^miily Lndtcatea I hat an exprcosion b not baaicnJly 
t’urrt'ct and that it Hhoutd tbcfvfon? not \w used outsidL- of the cxpcnnmntaJ iwiipv 

It will be Doled tbit Hitch coaununly used unita aa inches and gnlloas do not iip|x!ar 
in ihc list given in Table I ^ eolutnii 4. FormulaA may be altered to permit the use of surh 
oonlHiak uniiH, but It is usually mure desirahle to solvo pimhUfRi,^ with the mdLfl of cnliiinn 
4 and to tiifdee any diiiiiitil converftions im tb? anpw'er. Three nonbnsic muts am used so 
frequently thai they des^Tve special mentian. A convotuuni unil in tlealiiig willi largn 
storagi?: voluniLs IS ihr arre-frMJt, w“hleh b a TObme 1 ft dcirp on area of I acre. One acm- 
f<Krt. is thrmfori’ rquivnl^-nt itp 13,560 cu ft. A i\ inchargi* of 1 cu ft pier i?ec for a period of 
1 day will prujiduct' a volunM' of upproitinialt ly 2 neTi>ft, Two coniTUiinty usi-d units of 
dbehorge are jpaions per miuLjte and miliii^Ei gajlans per day. Disehnrge at the rate of 
1 cu ft per me b ec|t|ivaliant to 4-il* 8 ipil per min and to O.Gdli milliEm pd per day. 

Properties of Fluids-. Many of Ebe qujuilitii'ij shown Lii Tobbi t require iiu furthu-r 
explanation- Hww'evcr^ thooe quantitk's which di>scribe propoiilea of the fluid will be 
diArussaed briefl/. 




























FLUID FROPmSTlES 
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Tho imit erf imw* M i* n# ^^llbw^s■ A of 1 lb w\]l ^ecKik'rate a imaa of 1 

ttf Ihe niU* of I ft J^r 9 *^ pt^r aiw. In t.hi? of ji l-]h wrl^bl falling frt-vb-p a fora 
of I lb produo#^ oti iicc^tksraiian uf 32.2 ft pt r fw «jc. Tbircrfort^, tl^ magns^ 

tttdi' «f the foTO* coin^ be eqiuJ to tht.^ pnxIucT of tb*? tna«i ond nceelLTutioa, it f<»II<iwB 
that tbo i-lb weight a ™iw of 1/32.2 plijg. O>Fo*m*f 0 tly, lo Hjavurt SV', 

in paiiniK to iiufcH{< it fa QwJe«ar>' to divide by the graviutiniuil aecf-lemtiou &« fcjIlowR: 


Af 



(£) 


A'pMt;/fc tf u denned aa the Wf ight p^r uidt of v'olume of a pubsUiiee. The mnsa 

pi!r tmil of volijoifr ifi cadbd Tt foikiwa fiMim the iibovii disctifludoti of nmaif ihot, 

in thu foot-poimd^^taad apeetfie wi^ight in |touiiii» per cubic foot may be coq- 

verted to donaty in Hing? per cubic foot by divkUtije by the gravitationd nccetunttien 
as ihowo by Eq. t2a). 


If either of the above equationi^ were isolvod for p it Aould be iten that g mpio«?nta the 
^tijght per unii of Jn other words, a mass of 1 ting weigia 32 2 lb. AUhoiijth g 

iMieft slightly with both latitude and altitude, ihr vdue 32 2 ft per per sec ia anfE- 
cieiiLly aceumte for all hydraulic corapiilations. The donsitiM Mid specific weighbi of 
wntcr and Bome ntbor fluid? mv gav'^en in Table 2, 


TABi.n 2 ^ 


Fluid 

Tem¬ 

per¬ 

ature. 

‘■F 

Speed fir 
gravity 
t&p Rr! 

Spceidc 
weight 
uc, lb 
per 
ru ft 

V'irieotiity {a, 
^lug^ jH?r 
ft^wv 

Kincruatic 
viacoCTty 
w, j»q ft 
per fiCc 

PltSf^Ure 
of eatu- 
mUnJ 
vau<jr 

per 

1 set f'l 

W^ater 

32 

0.0000 

62.42 

0,00003746 

0.00001031 

12.7 


3tJ,2 

l,00(XI 

62-427 

0 .tW)003274 

0.00001067 

10.0 


50 

0,t^hl7 

62 HI 

0.OCKKI2733 

0.00001410 

2.1-6 


60 

0 .IJiHKi 

62,37 

0.00002350 

0.00001217 

30.6 


70 


62.30 

6.0Da02050 

0.00001030 

02.3 


60 

0.!>dt50 

62.22 

o.ocxMirsto 

O.OOOOOfMJO 

73.0 


ion 


62.00 

6.00001424 

0,00000730 

ISO 


200 


60.12 

6JDtXK)0637 

0.00000341 

1,0^ 

Sen water* .... 
Mereury,,. . 

32 

UM 

64 

0 . OCXXUhio 




t>S 

13.55 

.. 

6,0Q0032H 




30.U 

13.53 





Ciusior oil.. T > ■ 

50 

5fl 


..... 

6.0505 

6.D315 




m 


--! + <•■< r 

o.tm^ 



Diy airnt 14,7 

tiwi 

32 

0.00121) 


O.SSfi X 10-* 




50 

0.00 m 

c . r « r ^ 

0.372 X IO-» 




5!> 

o.com 

m m T M r w! 

O.3T0 X 10“-; 




EfS 

0.00121 

■ ■! + +»■ 

O.3S0 X 10“* 




( __ iB Uilm Labi* mrLr *#I<W tnrtlk i}f ClieliiBinr 

fnMn varioiii CkIhs Phyiral 

Tfebtw MKi Htsfidard llwuttar iwd VdvcDfli™ Tkfclw at trf Siaedapda. 

















BTPitAULICB 


4rA 

Ttu.' vpicijic ['sp gr] of A iit dhtniiu^l by iliviciin^ the fVi-lgbt of & wr- 

Udn vofiinrif^ of & substAncc by the of an eqiuU vtsltutw' of wntor m 3(^.2 T. VaIui^ 

af ijpLK!lfio RrAvlty of severa] fluids are giTfii in TAblo 2- 
Tluj |i of a fluid is a measure of the relativo osw or EiE^ciilty with which a 

partirlc of the fluid Hmy be Jeformt-d, For ommpb, heavy inl hiv* a px.^i4*r viaetJuily 
lliEn wzttor, anil water is more viseou^ tlutn air. The vwfwity of a liquid dcenwin aa 
teniiM^JTitLjn' hut the opposite w true of a gaf. ViiHwity may he defineil m 

follow;^; AaFumr that thi- fadwreu iIb^ twci 

hoPUfODtal plnte? shown in Fi^t- I is filkHl with a 
fluid and tbot the upper pl&te is in motion nith 
the vrlocity V while the tower plate is stAtionnjy. 
Thiw partietes *jf fluid whLeh are in contaet with 
a houndao" mrface wUl have the aame velocity as 
the boundary. 11 follou's that the viilocity of the 
fluid wUI vary from V at the top to xem at the 
hotlom* the velocity of any Uycf lif fluid beju# 
different fri^ni the udjacent layera. As a tv^uUp 
all particles of fluid will Ih! eontinuously deformed 
by the shear ptresM* biftween ailjneent layers as 
illujftratul m i%. 1 by two podtionn of a partirlit at a distance ^ from the lower plate. 
It baB been Bfaowti by laboratory tests that for a particular fluid at a ipvfm ti^mpcraturv 
the ratio of the ahntr stress r to the rate of ziefomiation du dy k constant. Thi^i eon- 
irtant is cdled the coii'flicient of viseodiy, the dynamie visco«iiy. orsiniply the viiwoeity. 
Th** deflnition of vliicoMty in espn^rfe^Hfi niathrmatically by Eq. (3)+ 



l£wO 

Fin. I. Vii^ecHUi defomintino. 


du 


<3) 


By inaertieg the dimensiniij; of thi’ tEimw nn I he nithl side of Eq. (3> as foilowa, 

-(f;) 


0) 


the units of vtiKHMity an* peen to be whigs per fcMJt-^-MhJtiLi. If in the ahuvi^ opemtiou the 
dfUEensions of r an^ tafei^o as poundn per L- rather ttuui as M/Ll^ it iLUiv be readily seen 
that pound-peconda pentquate foot an* i>^|uivalent unitji of viHcoeity. Tlki ram^ponding 
units in the metric system, j^rama {rrotKH) per centiuieter^Kwjml, aro caili>d poitiefl. One 
uhig per fi^t^'cond li equivdefit to 47Si8 p^jisefl- The vkacomties of a number of fluids 
are ^ Taiile 2. 

The hinftmitir. ^ is obtolued by diviefling the vtRaiafity by the denrity as ihown 

by Eq. tS). 

ti 

' = - tfi) 

The dimcnsioEifj are obtained in Eq. (6)^ 

'-{sD-(f) 

from whieli tl muy I* mt n (luit ibn uniU of klnemmie vLscusUy atv MpHW fw( fii-r 
«-wiid. Tbe cuTTOijKKKlinis unit# in tJiu iwtrif bv^Uto (stiuiin? wntiifujturt per #«.<uiiLj> 
iirv iwfhsi Btukia. Oiiu Bfiuare fwir pcft wcnnif i# oqui valent tu oag.o 
Hurfats fcrwiopn i# tbo pnopflrty of liquicln whirh nitiww cftpilloty autLoQ in hiibI; tubw. 
tf thv lii^uid ’■wet#" thi- sijrfi«>t> of I hi' tobt*. ihc- liquiii mjrfjict. will ht' ftmenvo qpwttnl 
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juid b|uid will riw^ ?ihowTi hy Fij^. 2a. If Xha- liquid iwi ihp tilbf, tb' 

RllfttW will ht+ nniiaivt^ rtujjsiiiK lb? ^uHae^ 

to bp d<^pr<wt^J jLn i^buWEi m Fig. 2ft- Wbiji’! 
iin» iiiea^uc‘i‘^1 by tmuiDflirli'rh, rare mwX Iw l■sct!ft™J 
to avoid errors rtf^uhirijs ftom vapilldritir. A number 
of G 3 ip(jninentAl valia*^® of mptllun^ Hm* or TaII for 
tglx^ uf vikxiiHJp ttfl tkUfjjrmijicd by Fol?a'nn ^ nn* 

plcutod in Fig. 3. Tht'; ptnught linG tibown on tbc gfApU 
indi’mLL^ ibo fu*t that might Ik? e-%pi^tnl with very psirr' 
wnT^^r In can tart with nir. Siufain.'-fcnpisjn efTerr^, 
olhpr Ulan tho^ic montiaruMj nbovo, nre lifomlty of 
minor importanH.' in liydrauJic prohk'ita-^ 

The modulus o/ E of Eiqdiki Lh cbUned as 

The change in piwun:^ iiiteiii'ily divide^! by The wirf^uding in vulumt? per 

unit volunie ^^hi^wn by Et|. (T). 




(al [^3 jSfafc:/r/ 

FlOr 2. CftpLllary' addon. 


E ^ - 


Ai: r 


(7) 
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iS^^mrier of munome+er Tubes ^ fr>ch-es 


FiO, 3* Capillnr>' *"*3 dcpnwsioJi in fiLaaa tubed. 

cfiip, Foibntarj-. 
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Ttrt? vitue of E t^3f watuf ia uppjwKiniatvIy 30£>,00n jm, VAryin^ with U^nirn ni- 

oi E hi^h l€ pt-rmil itm Aiwfoption that liqtiirlfi an' 

pn!Wtbk> in mopt hydiaulif! pnabk'd-t. 


HYDROSTATICS 

Tbn I-cuTt! pi^iT UDil area artin^ on a r?nl or iitiaxuuiry ^nirface within a ^uid i» calk^l 
inUnMiiy of pr^Mttrf p or simply pr^Attufr, U piny be di^nunmt ruled that tW pi¥r^fT< 
at Einv point in a fluid act# in all dirnctSqna.^ The forte ott a baundai^' Fur- 

faee rcfliiiUiiiE from fluid pitsisure must 1 m? nortnal to ibe auHact at a!] point# betTiitK* 
of the iiwbnily of fluids at real to Iran^il ehcjin Tbo prmtiit vaiiatJon wilh deplh 
within a hquid tnay he i vafuattd by t*on#idpriiig the foiwai anting no the vertical pri^ni 





nf hcitdkt aA and cmns-petiianaJ area Ad shown in Fig. ItJ. The suonnation of aJE tbe 
fiHTPfi antmg on thi* pri^tm to the vertical directlDU, as well aa in all other direetlojiB, 
mtuft be ncitial to st^ra. Tb*! verttcnJ fofM corbsbit of the woEKbt arvd the force due lo 
the pressure pi at the top ami iKat due to at Lhii.' bottom. The g^ummatton of tbi^ie 


and 


PS Ail * tC AA Jua + pi An 


pq « m AA + pi 


(«) 


the downwatil direction of h being taken m positiw, 
aA to gjlv^ 


AA 


5 


PI 


If If 


Equatkn (S) may be aoEved for 

m 


If pi iB taken a* the preasun.^ at the li-quid sulfacl^ aA becoinc:^ A^ the vertical diftance 
bedow the liquid surface to the point wliei> Lhe pressure is pa. Furtbermonf, when the 
pnwnjn- at ibt? liquid surface m atmospherie pnr^eittrv (p^j, pa b the absolute premure 
{poi) at that ptant. The fdllowhig exproBsien fur aliHolute pressure may now obtaiiied 
from Eq. {8]>4 

Pflh - rA + Prt i la) 


Moie rommonly used in enipm^^rinit work k tin? Mage pressure p. Tht^ goge^pros^un- 
seale i* cbtni 1 : 14*11 by di-signut iiig at niu«qilieric pn-FSki re a# Et-ro. The fdlJowd ng expiwfions 
fur jpigt priwtJti- ntay lie ntUnlnefi from Eki. {10> by l^^tting p 4 lieconh- xriTi; 


p “ [f A 



IP 


1 '’{ludhwk C1wiikAf7 uiil PljvpiBp-'^ 

t Koro^ WiiLaa, uid W^g^vciuv, JOi pLp p. H, 


(11} 

(12) 
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EqiUiUoiU) UO) JiniJ C* U illuisttriiti'tfl (EraphiKailly in Flj^^ The e^inwcUiii p/ip ui 
rAlk-d thf lii!wJ." It exprMflW^ Thi< dppib m fwt of 6. Siqoid of jipiKifiD vriMjcht w 

riHi^Litrvd tu prcducs' n Valium* <if ali^kluh^ pruwinirc une* Alwa>'9 poFitivTH 

wli£!tvfiH prewmre nvty pof*itivi^ or ripgal drp^'ndinif upon whether the prewurr- 



50.000 


Z 40j000 

^IB 

^ JftOOO 


^ 2OJDO0 


10 5 0 

Pr«&$urt in pnundi per iqufirt ineh 


Flo. 5. \1cwn AiuhQMpIkf'ric pr&fiFurv’ at diffiiTTAl 


w jjpr.atcr or k'se thais fttniwpberic. Xi^^tlvr ^fage pTL■«^JJT^fl ipdlrntc tliat a pnrtUi 
%'ajniurn exaiita. 

Atmospheric Pressure. The variaiiop of proAstite fi’ith e^eirfltion in the nlmoHphero 
w iHtMlmtx?f3 by Fij^. 5. The straisht-lint* ^AriaUon derived for hqwds doi^ not apply 
to thp fltmtKfptm'i (or any other gas'i hRCflu-H* thi- dwn^ily varies with I he altitude.^ The 
averngip value of atiiiortpherie pri'Sflure at aea hwi ia uimaily taken a? (4-7 pei, or 2,116 lb 

fa-r «| ft. 

The pressure tL-n-iJ to uk^urt^ atmosphenv pix-sSiiiire 

are tailed harflinttera. A baroiiicter of the type ahowei in 
h'ifr 6 may be made by filling ikt tube mth liquid, temporarily 
M^alinjt thi' open end^ ini'eKiEi^ the tubi^ and iho seal 

Iwiit^iith the Burfaee of tJu'' liquid in the pan. If the tubi^ ^ 
jHlSitieiitlv long^ there ^ili be a iHpaoe at the tup that e* 
empty except for the vapor of tbc ItquJd. Evnpctrstiort will 
take place at the Liquiii Fudaoe In the tuta- until a f^turat^^'d 
vapor and cortvspondini; lapor pre^i^sure p, exb( above thi' 
liquid surfaets- Examplt^ 1 illustrates that water ih an im¬ 
practical liquid for bflrnnietcfp. Thi- liquid ufliuUly iwi'd in 
merrurj'. Mercury not only jx^miit? the use of a shorter tu'tK\ 
but itfl vapor pressuri’ i" sn low ■ that it may be oRBlpclod- 

i'Jxampl^ I ^ Detcrniinr the value of in Fig. it if the liquid 
Is water nt a lejuperatun* of 7CI*^F, an-d is 14.7 pjn. If 
fS) i* written first from m to n and tlbcu from p to i( will 

be seen that p*, « pm nnd thi^ffon- tfciat (Jko prfwMjn.* at o (a alnioephcric. EqTmtion (y) 
niftv now be written arc follow^^; 



dh 


IT 


lit 


(4 7 X' (44 

The value of pa.^'ir ia - f ft, the value of tt bring obtainud from Tnblo 

621.3 

2. The value of py in givrft in Tabk* 2 a* 52.3 lb |jcr «| ft. Tlicrefun', pr/«’ i« 


■ Tear a dciaU^d dunuibti t^rw^rr VArntimiiP lit EOMii m* PwiirtArtt- aM Ti:Krife!n, "‘FlifldjUiK'iitpjk 
-ul Ily^U*- Apd AiiraiitfcliMniiicw.'^ ep- 

*' 'HAiid'beMjk of alia OwpiM/try. 





































4^S 

or 0J4 ft; Iwnw, 


HVMUUUCa 


A* - 33.aS -OM^ 33-14 fl 


Ksam}ile 2; Det^mkiL' ibe Valu^ of in Fig. G if thp liquid if nwtiriiry at a Umprj-A- 
o^ TO'^F and pa is 14,7 pni. 

The vapor praaaure of mnmUjy ih iii?|JiKahlp so that Eq, (S) tawomes 




A* - £= + 0 

If 


A* 


14.7 X 144 
13.54 X 62.42 


- 2M ft 


which is equivalent lo 30.1 In,, or 7ti4 mm. 


HoitoiTieterSr Manomeierii ari' tubca alttudht-d to reservoirUp pipe^< or tihannel* to 
meERire the pn?s<un'. The equaticitu of hy<Lro#tatir^ are to dotennim> preawonw 




Irom manometer reailini^ even though niaEiotiK-:tera are mml frequimtly umnl to meiuiure 
pressure? In. moviniE floiflf. Ti> eiuflure agjfdrhF^ indudiny!: force* due to aiN^elertitioii in 
manomettT readiitip ii ii owreRsary lu ituffall the tube In a wall whiidi b parnllel to Iho 
flow hnee In srtieh a manoL^r that t he flow pattern b not dhturla-d by the opening. Wbeo 
the maoDUieluna contain only I bo flukJ in the conduit as iUustratod hy figs. 7a and ?&, 
they lift' frequently caited In Fig. 7a, the pressure at I, pj, hs equal to tho 

proi^iin^ at th*' renter of the pipe |v: i^oiiiequenlly ik? value of may be i^btairuvl fmm 
citbt^rof the thm* inhea uftng Eq. fll) armngivl ae follows: 

im 

Tbr left tube oT Hg. To aiiii tU- onr* shown in 75 may be m^\ to tnoajore negative gaj^?' 
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pfcSFurM B8 well a 3 poeitiv? EqufttioD (13) nmv be Apptbd to Fir, 7^p knowing 

the presHure nt i to ti itro aivd ilial value# of k, mrasyred upward fTom the aem datum 
are nc^^ttive. 


£:jwi»fip/r 3: Deleriuiue th# value of in Fig. 70 when tlw gage pressure mt r is 30 
psi if the pipe contoiiis water, 

Scjlving Ec^. (13)^ 

30 X 144 


tlBft I 


fijGurjuJf 4: Detormioe tht pressure at e in Hg. 7k if ft* is 6,3 ft anil the pipe witakw 
oil having a Bpeeifie gravity of 

^ trh^ m -0.&5 X 62.4 X 6.3 = -373 lb per sq ft or —2.51^ |5«i 


PfeaomrterH are vnry seumtiw prt^swure gage-s but are impraGtiraJ for tbe tomfltirnmi'nt 
of Mgh pre^^wes bwu#e of the nMCctmw kngth of tube ivquinMl, ns ilSniFtrated by 
Exampli:? 3 and 4, More satwfaetory lUMLOubetera far iho measurement of IukIi pres- 
synw an? ihown in Figp. 7r, 7if. and 7i?. Tbe manoiueter liquid most comTnoaly used is 
Any liquid of ipeater density than the pipe 6uid may be useil provided that 
the two fluid# are mat tniscibks Manoau^UTF d this type may be uftd whiHhef the pipe 
fiuid ia a gsy- or a liquid and for hotb positive and lu^pcaiivo pressures. 

Values of Ap ami A* iti Fig. 7c arr* usiiatly read froni a fltalp phieed between the tw^o tegs 
of she t‘ tube. Th*; hieation nf the tero of this scale fluettuites greatly with variations 
In the pipe pressure^ thua eauinn^ untue ijii»>nvenienei> in making the rradinEw. This ob¬ 
jectionable feature? nmy be portly eliminated by the arraiigi'tniial shown, in Fig. 7f. The 
amnunt uf moveimuit nf tike imvrury iurfaee in the Mt and right tubes will be inversely 
proportimml to the square of the diametejii of the tubew. M the diflerence in dianmtem 
is made krgv. the roefvury surface in the h4t tube will tie nearly stationan imd the 
value of Ap will then he nearly ponstant. For many practical purposes tlu* acalo may be 
marked uCf to give tlw- pn^m at c directly from the values of hm- 


Examptc 3- Defeimine the vnlwf of hm iu Fig- 7c ff ja M pai gag^^ is 6 ft, the 
pipe 6uid LB w'ater, and the manumeter fluid is mcreury. 

Wp be the spedfir weight of ibe pipe fluid and v?^ the specific weight of the 
manometer fluid. From Eq. {3), 

pi =» iCpkp -h Pf * 62.4 X fl H- 50 X 144 


aud fr^mi ¥a\. (I L) 


Pr « - 13.6 X 62.4-Ap, 


Know iug pi nnd pr to be equai, 

13,6 X 62,4= 62,4 X 6 + 50 X 144 

from which A« La found to be ft,* 

ETamplr 6; Dt'termifie the Value of p, iii Fig. 7ri if k^ b fl in, and la 20 In. Ths 
pipe fluid is water and thi* toanaiTveier fluid i» mereary. 

Equation (SI ppv^^ 

Pj V tCp^Aii + pt- ^ 0 

or 

(13,6 X 62.4 X *3ti> + (02.4 X Ht) + p- «0 

from which 

p, - ™ 1,460 3h |x’r Ml ft g&gr or -10,1 psi gagt- 

I L'hlr* Boia^ fimiinilur brtnpCawOifF U BlMlrd, the ifiwific of wUI hm lak^ti M» *2.4 Ih |<Rr 

fl in iiumerkiHl tWHipk*. . . -r 

? ITnIw* wmt fmrtictiikr t^'aiiihnmtuft M ilatfd. itr trf lurr^Mi? iptiTI Iw talent* m 03 

ia fttinipfiml fiftplti™#. 
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DiffeftmJtvil nwri^efef* ol tthi lyiw^ iAvmti in Fig:, S art U> laEUttufi? ih*? Jif- 

[en-tiiK in hetweon two points- lo Vwitli Fig. 8d and it i* dcsiiwJ la it^esusiut^ 

^ Ti' So the flpt^ifiiJ weight nf tlu? mnnonK'ter flniil if* b giTAtiET tbui lhal 
ur ibc pipe fluid tfi^ in Fig. 8i tb^ re^ion»r b imp. Lti the attangi^iiKint shenrn In 
Fig. 8a ihc pipe fluid may Im liquid or gib^ whifmiftfl In Fijt. ll muiU lie a liquidr The 



/a J 

Feq. S.. Difl^^nLtali huizidiiic^oj^. 


madomciter fluid lo Fig- fl* howA’er, be uither liquid or gae. An ap|]licat|qn nf the 
eqimtionK ul hydrdotalira will ahflw iluitp for t^llior U lube of Fig. S, 

Pr " pr> (H) 


and 


(p/ ^ pr) " Ijq ^ pd 


(IS) 


far Fig- So, Bq. (8) gives 

pi' - ir^ M + pi and p,> » aA d- pr 
tfp aA + pi * tr* AA + pr 
pi — Pf * AAftry — 

Pi -- pa * 4iA(ip^ — iTp) 

Tbt' (.vtrTe*|Mindtiig equatinn fnr a TJ lubi' of thf^ typt* .‘thown in Fig. will fee 


From Eq. (14)* 


and from Eq. 11 Sh 


(IS) 


Pi “ P? * Skiwp - (17) 

Equaiioua (16> and (17) flhow lhat the gage Ix-enmes mofU PCinsitiv^ as vaJu^eti of 
and Vm boCDUiL' iriOfo icmarly ifiual. NuiEU^nefll t^xampk.'# nf differential gaf^ peafelctn.^ 
will fee fourKi on pp- -l-^S and 4 -27. 

Prefiatire Forcas on PUne Surfaces- In Fig. 0, LM represents any iuunerBLHiJ plan^ 
Hurfaw whkfer if exk-ndnd, would nil the Eiqnid surface at O with an nngk+ Cdtw 
H trJering 0 the urigtn and OM thi? jt tin* pnfaHurp Torfe dP on an elenwnlnr^' nrpa 
dA t# dji ^ jdn 0 dA. Ttm Intal piosnJm foroB fin the area Xijlf |a tb^n 

im 


P ^ w&n i^y dA 





HVriRiJBTATTCB 


4 It 


If ^ ii iJie dbtanw rtf ihp oentJfr vT of tl^ purfjw from O tlwii 

fjfdA « *fid P " 

nr If ^ jvin 

P ■ irAA 

Thi5 tinier of pr&irurt V It fhe point on th? irnmpiwl surface through which 
ahI presffuro actji. Boewyw tW intonsiity of prremro incrosww's with the depth, 

o. 


im 

the Mfffult- 
tin? renter 



Flo. 0. forwa on pluie ftu.rfpj?f>«R 

of pronRUJ^ is below iIk center of gravity. The distance from mi through O^, 
formed by the mtereeetioEi of the plane Rirfore L^f with the water surface, to the center 
of pressure nuy be found froni a snnuiiatioD of the mciment^ of the elementary forve^ 
about thif: axk as foltows: 

n^hiEb from the above may bo written 

it* an tf }i^ rfil 

Vr~ 


J^dA 


(20) 


121) 


u'sintf JudA fi/dA 
TW numerator of the ftuciion to the above vciuation b the momeDt of inettia fd 
Mjrface f^i.^f about thi^ o-tb I hrough O. Thb munu-nt of inertia b equal to Ak^ + 
wThem k is the radin^ of gyraLion of the surface- ^The denominator m ec|tjal to 
Substituting these valut* into Eq. f2l) and n-duelng, 

Jt- 

w,." i? + j my 

¥ot iurfarea such as an? shown ju FigL 10, where thc^ loms of the mid-pointa of hori- 
fontal liiMSi \n a Hlr^ighl line^ the ountEr of prt^seure lies on thb straight liruv For other 



q 

T 

r 


flP 
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SI iM 



* ^ 

2 

nfe -h 

3(( + 

^-1 

1 « r 

t » in37£iir 

r ^ jJ 

™ l2 

xsl* ^ 

IB 

4 

- o.moflBrf* 



FlO. 1&. PcHtiaiuof rnitcmof gravity and volina of squann of radii af gi ntdon. 

auifacos, the horis»^ntal poation of the center of preaiure can be obtained by taldni^ 
momenta aa above about an axb perpendicular to the one through O. The ubo of the 
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Above eQUAtion-M ti ittieitr&l^ in the following cxamplea. Prr>hkmfl uivulving BukI 
on pUnH* may tdao be Halved mor^ liirectly by mTOndi^nniS the mrfaee 

to be n ^^lab with » nonimifarm lowi e<|aal la magnttudp to the voIliuk^ of the pn^ftaun^- 
iotpjutitv dufigirnm. Ewunple* 7 and S Rive ELumeneal appliralioBa oF ihu nuitbcHh 

^xnnhi^f 7: I»<‘i 4 )m[iino ibe mai^intude and lomtion of the resultant WMier-pr^^e 

force on a l-lt section of the Rate cd? shown in PiR- 
11 (d)( by the use of Eqs. (16) and (22) twid {h)t by 
luttdirkR the Rate with the presomr voliimeia. 




ypi-^ 

I ^ ■** 

! y ■ ! ^ 

JSL^ 


/pt 


T 






'^'1 

k' 


-il- 




iW 

/V ■ 


- fl2,4 X 12 X 12 - Sl.OOO Ih 

§ +~m i2 + ^ - laft 

* if J2 X 12 

« - fi2.4 X (J X 12 - 4,.'i(» lij 

(12)^ 


+ 7’'*^i2Xli 


Sft 


t'lOr X\, PnrwLtr# forces on n itt- 
tiral Rate. 


Note that the latter value might have bei^n de- 
termlpod by tnspedtiaD beoiLUre the force on the 
fiRht aide of a6 results from a trintigular pressure 
distribution, the center of gravity of wideh would iberefore be two-tiurda of its altitude 
from the water iurlade, ie^, 

j^-J|Xl2-8ft 

The reaultaiit force P is then obtained by adding Pt and Pr as foltowi: 

P - 9,1X30 - 4.500 - 4,500 lb (to the right) 


The Location pf P may be found by takinR momenta about a, 
jfjy* X 4,500 » T X 0,000 — 8 X 4,500 

ami 

y/ - ft ft 

h. Inspection of Fig. 11 uill show that the force rBSkilting from ttu* trinngtdui pr^^seure 
distribution 123 on the Left ia eKactly bulanred by the forca^ on the right resulting froni 
the pn^surc diagram oM- C’unsec|iiently, the only uahnliiticefJ pn'^^ure is n uiiifomi 
intfnsity of 6ir ib pt^r sci ft on the left as fdiown by the pn^un- -rliuRratn 13^. Thiwfritc, 


P - U X 62.4 X L2 - 4,500 lb 

Because P is the resuJtaint of a. uniform pressure disttllMilkm, |l must art On the center 
of gravity of the gaf^. 6 ft fimm m 

Hxamplt- IX'tertnine the nidignitude nn-d locatiun of tht^ priwqire force on the rci^ 
tangidar sloping gate shown in FIk, 12 hy three methods, 
a. Uuing Fqs, (19) and (22], 

P - wLl (110 

- 62.4 X S X 60 - 30,000 lb 





m 


•* 10 + 


100 

^2 X 10 


lo.sa lb 













HYDROSTATICS 

h* Unipjc KqA (ISl ftiid (SIX 

P — u9 Mb 0/|f liA 


ih 


- tt2.4 X 0,S j eif ^1^ 

- tJ2,-l X 0.8 X 0 - 30,000 b 

SsrdA 


SvdA 

!)*(/(( 

/■'* 

y (fj/ 




10,S3 ft 


4 13 

(]>i) 


(2li 


c- Tbs problPEn may alw bt ncilvid by tliiEt^t-mibLiij; Ibe iruilcnitudb and locatiDO of 
tii'o compcn^nb^ bf Uir fotice direct^' frQm the presAiiFe lobdioii; dioijf^ins of 



Fni. 12r HKWi*ufii foc«s qn a dofHEtjE 


Fi^. 12. Lili Pi be thi: foree rwiUin^ from the lioiforni pnita^ure of 4u?J i\w.n 

Pi * 4ifA « 4 X (i2.4 X la - Jl|,000 Ih 

NoM^ ihbl tills forte b iH|iial to Lhe voliunt 12^/a^H' ftbunn io Fig. \2b. 

BijcaufM? Pi is prraJurs^si by u prissure of unifnrin jritub^ity, il tiiust iict at 13 :hj ttuttr 
of gmvily of t^le Kat*, Lt., a ft froio ab+ 

1 4*1 Pi be tbp fom* resulliiiK from iLe trian^lctr potfiftitT? vnlufrie Tbu 

ititriufity of prvzfibiiv varies from 0 to Svh ^ avemge tanrijf -Itr. Therfiftire 

P, - 4ef^ ^ 4 X X - 15,000 lb 

fiiTaust tliiB force jji pjTnlytt?cl hy Lriabi^qr loatlp ita kumtloq will hv X 10 — 
15.07 ft from oft. 

Having Pi abd Pj, P - Pi + Pj ■ 30,000 [i% aEiiJ tfw beatibn of P may be delex- 
miiiC'd by takkig moments about os follow^: 

m- 5P| 4" tp.07Pl 


from whith « 5r33 ft„ 










HTDEAtrLICS 


4.-I4 

Ft«fieiire Fduks <ni Cutt^ Suiiacefi. Thi? pr&pfurn fanjv oti u curved iur- 

Fjine Ui tmude ii|;i of the ^um of tlu' Jimull eleEH-uti of forre p 4.4 earh iicting iierpeaUieukr 
Jo die piurfrtrt?. Tlhj magniluck] Bitd icfcOidou of the re^uUojit of thcsp elemf^nlftry foreci* 
w Ticil eej^ly detertnitied by tht^ nu‘thtKls im'd for ptiuii- riurfaeea. However, the han- 
Eiintal twiii wnicai coinj>jtneHti^ of the whUboI m^y be readily determined axid tht-in 
aimbinwl veclorkJly. 

Con-^der tb.^ iurctnh arting on the pripni of liquid ahoivii in Fig. 13 hounded by the 
liquid surface ao, by the vefttwd plane #yrfaie ab, and by the curved jurfaee tth. Acting 



Via. Vti. farceA on curved 

mtliHimr 



Fio, 14. Taintor gate. 


down Ward on thk vulunie u im weight U" and ^ILhk Tojeu riglit tn k'ft on ob k the hoH^ 
aoiUiil force Pff ^ w &d w'bt?re A Ib the nrea yf dm inuigiuan^ verticiU plnne nirfaoe ow 
i-dge which ofe. Thefe foreca muiit be put itilo cquilihriutn by equal and oppwite 
forces from tb- iurvcii aurfuiv u6. It fnlltiWH then that thi; hertxnttial component of lb' 
pfeasure force on a curved suifacc k equnJ to and acta at the aairm pwint as ihc force on a 
Vertical pkiU' surface formed by prnjyctinK thu curvciJ injrfaci; horiEOutally, Further- 
niori\ thi^ vertical compionent of thp force on a curved ifurface k equal to the weight of 
itw liquid above the surface and act^ at ltd center of gravity^ Similar reasoning will 

show that whi"]! tlm liquid k beneath the curved 
NurfaDe the vertical n:>tn[Kiru.'nt k equal to the 
weigh! of ibc ibUkgmary vobinui of liquid above 
iIr- f^urface aid acts upvrarrJ through ila center 
of gravity. For iijuynpkv the vertieaJ i:omponcnl 
of the pre^iure force on liu* taintor gate of Fig. 14 
b eqmiJ lo the volume reprer^-nted by LXKf and 
Ack upwaml through G aa nhown. 



Fio. 15r 
tank.. 


Bei-iJbon llkfK>ugii a wattr 


9i Figure 15 »bow!a a sectkin thmugb 
u water tuulf 20 fl long. The wall of ibe tank 
tibr k hiiigeil at r and supp<krted by a horiEontal tto rod at a. The aegmeut of the wall 
b A quarter circle having a 4 ft radiUH. 
a. Delermiiic the force T In the lie rod. 

F'fl - - IS2.4 X 2 X 80 - 10.000 lb 

liKAtun of P ifl <4 X 4 - 1.3;i ft abow r, 

. ?021^ . 

4 4 

Py arts at the center tif gtavily of ihii i|Uniicir ckvic whieVi b to luft of ik by the anvount 



















TltAMSLATKli AND HOTATUD LlQriDB 4- lo 

4r/ST ^ 1.7 fl^ 7^ inny liij?ii be obtninMl by InkiiiK momonl^ hbcHjt tlie bingR as 

5T - H X 10,000 + 17 X 15.700 and T * SfiGO Ib 
h. Determine the ne^uJtiiDt Ui'Aler->pti9tmre force on the i^te. 

p = V(io,ooo>i + - i8.fioo Ib 

I'lie direcltOEL and locaUon of P mny be found by onmblnicg Py arid P/r veetorbhv at 
tiudl- interwetioa. Since nil the elemcntnrj'^ «Y>tuponent« of P ure iJetTM-ndicular to 
ibe gau- and Lhi.^jTrore pass lliruiigb pobit o, it foilowe itmt F miust piLsw thir^ugh o. 
r. DetenniTie the risj^ilbint force on the hing^, negleeling the n^^■igllt of lln- walL 
From « 0 , tbt horikanlni n^mponent is fuuiKl tts 2,000 ||\ nod rram ^ 1 ^ ■ i), 
the vei^tlcnl component \s foimtl In Ike 15,700 lb. The rvz^ulEnnE force un the hinge is 
iherffore 

"h f2,QQ0)^ - lo.SDO Jb 

The prta^iLFe di^tribMtiun cm the upt^lTeaiu face of owrElow f^pillwayi im illustmted bv 
the dotted lino 1-5 of Fig. JO. The hydroe^tntic pnEb^ire dii^'tribution on the face tjf tlw 
dun mkuJd he an nhoicn by 1234- Tln' net uni pn-wmire nt tb<^ top is k-sa thaji thin becaiim 



the intenaty of pretwiin? nt the iTvat of Ihf RpUlway in approB^imatefy lero. Xitu" the 
bottom, the actual prt^im- is gn/ater than 2-3 if the vclority of appronth is oF appn^i- 
able imgnltude, the efl'cet being the same ae At the st&gnntion fwpinl nf n pitot tnbp fgiht* 
p, 4-23). Thtf ptcasum dialtibutinn 1054 is fretiuently Hal'd in making computations 
involving the stability of dams.^ 

TILAN SLATED AND ROTATED LIQUIDS 
Accelcrabpn in Straight Line. Tf h veseel conEniniag a bqutdl is moved In n straight 
hoHzotitnl fwtb nt a unlb^rm ^'elocity, the forces aering nti any pjwtirli* are balanced nnd 
the mtfuci^ is huri^ontab all inh-mat prewniifs rt^nnkitdng ihe same as fur a liquid nt mat, 
The condition of a veaset cHifitaiaing liquki having untforen iicn^k^ntlieii n tn a hontonia] 
straight line tc3 I he rigb* ia illitiimtoiii in Figr 3 7. Ctiftsidernii_v airuill moss of liquid 
at the surfnci^ P^ nnd P, arv Pi*Mp:H?iive]y the honEontnl mid T.-ertiml compements of a 
Pt-sultAiiL pn«snrE^ force P cxertid on tht? by the surrouuding^ n'ater^ Hinec thi# 
particle is in n^lative equilibrium, the rrsultant pressure niuju Iw n^irnuil to tin* fTce iniT- 

■ A biiav deiaUed [tjasiMuti of Mih t ^^ky fcrtiiid bi IfiJviH; CMmana, tnd Jesnif "KruiiaBHiAB 

far nel, 3, ku 
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b bttlnnprtJ by tbe weight ibi maMa. ii ibe ynKi«kivxH| fotEu produce 

itm iiecekiratiDn^ and thejn^foie P* =■ .Ifa. 





(23) 







CoimtTveting th« tiardlclogram of fnrciPir, making; Z’* and proportion^ rEwiwclivnly 

to a and g, icivl-* the direclkia of the i^sultant 
force Pi Sinw the teaiiltant aeta normal to the 
free FUTfaPO ami M i* itny auute on the piirfaei^ 
the liquid nurface mufll be a piano- From lb? 
figure, thr angle betwi-i’n F and Pg^ oc|aaJe ibe 
angle of Ineliiutbu of tb.' liquid mirfaeo, and 


P, o 

tan # = — = ^ 

"if ? 


Fwvm this? equation, tb? slope of the siufaei* of a 
any unirnrm horizontal aceeleralicm 

cBa DC oljlJ!U.ni.d. 

Sinoe in Fig. Ir the Hquid a not acoek^mttMf 
vertioatly, the inteiiiity of pneeatire at any proint 
m, rr b the unit weight of tb liquid^ b 

p « Ef^, the m for Iktuidji^ at nst. 

In nitier that a ve^4 eoEUainmi tiquid may 
be Becelerated vertically upward, a force In 
ejKeesft of the widght of fbe liquid and container 
miM be applied. Any foree in oKcees of thb 
weight pmduei-^ an acceleralioii n. In this caaE^ 
iIh^ liquid f^urfaee will li.'VeK fctid the InUjTwity of prviiFUJu at any point m iFIg. IS) 


Fjo. 17. AfwdofmtloEi of liquid in lior- 
iiontiil •ftridaht line- 


will btf 


P - 


wk + Tj^ - 

If 



(25) 


If the force producing aect^loration k^quaJa ihv. weight, 
o m. and the intensity of press-ure b iwi™ that due 
ti> giavity alone- If the uewlenition i» downward, 
the lact term in Eq^ (25) beconw^ negative; atid for 
a liquid faUing freely in a vacuum^ n “ —tfp <uilI the 
preivun^ throaghout the liquid h lem. 

The condition of a liquid being arff^lerated atoiig a 
straight line innhnifd upwanl lit jm angle a with the 
horiioutal is illust rated in Ftp- 1ft. The rrtuiltant 
pn^satue force f\ acting on thi‘ Hnuill muA< A/, has 
tbi' rompoTKnis P« anti F^ along LneEiied a»fl. The 
aecfilemting furry pg, b ttn' viwtot dllferelicv be¬ 
tween the total force applied and tb* fornj nqiitred Fm. IS. AecetEmtion of tiquid in 
to overconH? gimvity. Tb' dirertiun uf F cwi, as fur varticat line, 
horiiontal acwleralion, be ubtained by plulting Fa 

and P^ in their proper dbectlotifl pruportjuna! to a and g and tminpleting tht: purallelLN 
gram fortea. An beforo, tb^ aurfaw of the liquid if a plane peipendicular to P. 













TRANBLATED AXR R<»TATE!1 LIQL'inS 4-17 



Tbti whirb the rnmlct^ witb the liuriiuDtjiJ cad be detennlj^ bv M!aIiEi|[ 

frrnn ibe cLLi^rBiD or by anlvitijE tlii' I rijuiRJe of forceji. 

RotAtin^ liquid*. A eyfiniini^ vu'seel CHjirN 
tainiog liqukl rotAlidj; at m vekKHty 

Abmit a TCrtiml mp* OF bs s^btiwii La Fig. 20 . 


*-A 

Fid. Rcf-Htihit tiquid with free widvx. 
The firiginai Uquiii j*arface is ehaaguKl by 


Fm. 1S>. Acrder»tiob of tiqcikl ia in- fcitatioa to the earvrd srurface tOf. The vie- 
diued flirfliiht line- locity of rutatioD b -« radimu! per second. Thi' 

horiiontiLl and vertiraJ rDTopoDonta of tbf re- 


Miltaal force P aeting ott the »mal\ maw .If on the itiirfaet^ of tb- tiqukl at a dLstaai^' j 
from Lb- axta are respetrtivply P, and Tb‘ lalLec k bahmced by lb'* w-cdght .Vfp of 
the amaei. The ubbatajimi foree pitHlaeipg aco^Ieratioii toward the renter of rota^ 
lion, m the wnLripetaJ forccK and theififon^ Pj * tf # k the angle which the 

twiKent to I he curve makes with the hortEuntal, and j and 4^ an^ taken fks cwirdlnatcw 
of referred t^n the oriipn O, 


tan $ ** 


dr 


P^ Jlfj? 




.Aftej" integratkm, {28} beconuss 





This ia the liquation uf a parabola, and the mrln^ k a paraboloid uf rexnofulion alHUJt 
the axis Y. Since the voIihhl" of a fiaraijoloid h t-qnaJ to eni-lialf the volome of the eir- 
iMmatribcd evlinder and the volume of the liquid irtuaiiiM: euruitant, m « ae (Fig 20); 

the maximum depmt«ioii tif the Ikiuid FurfA«- is oqual to the mnxiDiujn rise. TJm 
limUr velocity al .V U s -- ux. Substiluting r for «x b Eq. (27) pvus y - i.o., 

nny pciint on the aurfBct? of the liquid will rise atn^w the point of greategt depnf^on an 
ainnxint i-quaJ to the velocity head (aro pr 4—22) at that point. 

Since there is no wftie»J arfebmiion, the intennty of preastm? at nny poinS m ftlg 
30> within tb- liquid k p “ ib* sani^- as for n liquid at miH. ft follows ilmt ib^ 
nnlioat^^ tn curve rOfrepi^'^nt KTaphimlly t b^ pm-^nnw on tb’ ls4 tom i^f I he einilain iug 
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MYDRAITUCS 


vcisel mnd thut ttuu pitf^urH m tb: of the veesel mie the iiAnie an for a v£»oel At 

rest to tin.’ Icrvel «/. 

H A eyliodhtEsJ vlsa.’! with elop’d top (Fig. 2\) is completely filled with liquid mid 

revolved About n vertivAl aJih, the liquid, biing 
eoiifiiiixi, cAiiuot BMuiUi’ A p&ralKjilje AurfACe. 

By methods eUmlDgukid to ibode detfrrilx^ 
Adiove, it caiii hoi^'uver, thiit ioieif- 

oitiKa of iwusHurti BgAiiwt Um; top of the COO' 
tfufiKr ATu ^ven by the formulH p/u- * wV/^j 
or by Eq, (27), ThiJ means that the intensity 
of prwwjre in jkto at the center and variei as 
the ordinfltes of n pandxila. 

IMMERSED AND FLOATING BODIES 
BuoyKncy^ Any body when immersed in a 
liquid suffers a Ices in weight equal to the 
weight of liquid diaptACed. lu the iuiuu<!niod 
body phuwn in Tig. 2H, the bori^ODtAl forcea 
acting on the two ends of thtj huritonial 
prism hve equal and oppgHite in dlreetion- 
^Lnee the entire body can be divided intn 
mch prisma^ the huri^unlal eompoiu^nbi of 
pneBsurea acting on tin’ liody must balance, 
Tberr^ is a resultaiil pn^sMjre acting upward 
Hgtdnsi the botlom of the JiinalS v'crttcaJ prism rtf equal to — A|j multiplied by 
tIm' rroaB-BeetiouAl area nf the fidsin, w l^ing the unit WL-lght of the liquid. This is 
and oppmito in directinn to Ih* weight of a similar prism of the liquid. Sinee 
the eniin’ bixly wi be divided into small vertical prisms, the whole upward pressure 
agaiiL^ it, or the /orcF, munt be equal to the weight of a volume of the liquid 

of tW Same volume aA thi’ body, ff ibi3 weight of B body ia greater than ita buoyant 
force* it will sink, l>ut its wiFight will be docream'd by an amounL equal to the weqtbt of 
displaci.^ liquid. If the weight of a body b hsivi than the buoymil force^ il Bill float, 
displacing a volume of liquid hnvitig thii weight as the body. 

The buoyant force aclB through the center of 
gravity of the displaced liquid at a poinl U-rmi'd 
the mifer 0 / If a body is homogi^iMxne^ 

and wholly immersed^ ite ctnler of gravity will 
coincide with the center of buoyAncy. Under 
other conditions, tbe two poinU do not usually 
eoinddev 

Equilibnum of Flualmg BotfleB- The wcLghi 
and buoyancy of llnating bodlo? are equal, but 
the former acta ai the oeoifit of gravity oF the 
body and the latter acta aI the ceiiter of buoynney. 
tn qnler that the body may bo in i^iuilibri 110 ), ihr^e 
two point* must lie in the »me vcftleal line. Figure 23<j illustmUM thi': eroew section 
of a ship floating in equilibrium. The cenu-r of gravity is At (?, aivd the center of 
buoyancy At ff, both on the axis of symuietry'. In Fig. 2^, the ship Es heeled through 
wn angk- 0. The center «f gravity it^mAirui at £1 if the cargo dues not ahiflp but the 
wnter of buoyancy h mavvd to iS'. In this portion, the two t-qual ami pppoping 
rorf^-fl fora a nghUiig couple tending to restore equilibrium- The pdnnt .\f, where a 
vertical Una Uirough Ihi’ nnter of buo^'Aftcy intereeets the axis of ai^ounctr^-, is 



Fm. 22. lamiAraad body. 



Fin. 2 b Rotating hquirf in O'l- 

inder. 
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tt^rmed lb? aiitl jt^ dwtaiict- MG from iht cenl4?r tif pni^ity of tho Mp i# 

tcriEbMl tbc hei^. |l H jj mbevit G, thvrv m & riglLllii^ monnint^ imd if 

biilaw an overturninn Thp Is a measure of tiie Plabilily 



of a ^hip. It changes for difeimt ^-aluis of but for viUucs not greater than 10'" 
or 15% it k ni>flrly conFlant. 

Tho ittotaAMiLric height ran be oampul-ed by the formula * 

0.1/ - ± Off my 

in wMth f i# the momenl cif inertia of the watcr-bne section aliout the longituciinal axis 
thrtjU|{h O and V is the diepkeement voluint. The sign of the k-^t tem of the etinatinn 
Lh pcwatiin- if 0 falls below B and negatii.Y’ if it falls aljove, 

THE FLOW OF FLUTOS 

Tb? science that treats of fluids in motion is often divided iolo Antwftica, which dtn 
scribes the mtition itself, and dg^niwicx, which dt'ak with the forces produ-clcig motion. 
Tb' quantitk-'H w^hich ttescrib; the pmtjuii of a fluid fkinetio qtiatitlllos) an? ihosh? shcni^ 
in Table I which have tiunensions involvtng length and time^ whs-^neas those which incluiJe 
mafis in tb-ir dimensions arc dynamii? uoantltiL's. 

A ptkTtErUs of fluid will remain at lest as long as the vector sum of all fonces acdog un 
it ifl jfcero. When the summalion of fonsc* rx^stiUs in n viN^tof other ihan Bcro, motion 
will occur in tb': ditvclion of tho unbalanci^d faroe. This force may be the result of a 
preesun? diffemnet? such as occlits near an orifice in the wadi of a tank containing a liquid 
Of of an nnhaiiinml component of tb? gravity force nueb as occurs whf^n liquid is db.^ 
pelted op an inclined surface If iheitr were net rcaktanco to the motion^ the particle of 
fluid would be acci^kmled at a mtc proportional to the applied force and liquid on iin 
ifudined plane could eonlinue to accelerate imlcliiiltcly us in the case of a body falling 
freely through a v^acuum. HowQvtr, ils bus been tnentioot'd previouslyt motion In fluids 
kaawdated with nbur strefBea w hJeh tend to retard tb' aocekration and eventually pro- 
duffi a unifortn velocity^ much jis llie gravity force on a taboggnn sliding downhjll In¬ 
creases ita \T.docity only to the point w'here lb resistance of the enow k equal to tbi 
applied fonre. The above nnaJijgLV k nni p rfv'Cl because in fluisi raotiem there is a con¬ 
tinuous defurmation eaufling viscou?. streases w'Mch resist motion within the fluid itself 
rather than only at ib liouiidaries as in ihe caat* of Rolids, Having cdbclu4jed that fo^c^??l 
are neceaiiariii^ to maintain fluids in constant motion and that the motioti kin the dlreetiou 

I Ftif a dwiTiittrti at thii foimals mnA furtiulf HilKuMips ol thk wbjefft, *h KrUfl, WiiB.n^ ind. 

■iTut, &T»*^sa, V^_ L, '‘''FluUi atflcftnn™. 
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HVOHAULICS 


ijf Xhii fom,', it thilt WiXj-rk ia tHkinjE dozH*- or \a 4'<j£pemlc4i lu dii* priiirr^, 

T\m {"Iior^' may be dr&wn from tin? initifti pntentml qf ttw? fliiiil. si^ in the rauw of 

ti liquid Bowing from n hlghL^r ta s lower eTevatioiq or from the work being tlone by a 
meehafiacal desire stieh oa r pwip. In eitlHT cast ciu^rgy h expiitidi'd in the form of 
heat, ruiiiing the lemporature of th? fluid, ita contajujeTp and the fmrttmrbding aimofpk^Jt^ 
fn a iiuitdH^r of rases of flow, eru'igj- |(j&k# are relatjvniy sqial] ae^ for i KHJijpfo, flow froin 
a sbuTMsIgei;] Eirificc or the Langeiitlal impiiLgemnnL of a jet of water ujKin a vam^l byt 
even in tJw!?c eases ihR obtainid by tkeglecfed energs' losi$es in ecimputatiocia an? 

in^ually too mueh Lei error for engjueiTiTig As a result, timib*!marieal dedva- 

tiOEM liF flffcw laws banwj on xhi assumptioQ of a frictinnless (ideal) fluid are not of dinTt 
im'‘ In the eugsnrer. Sutrh enmpulatfons, hnwiMfer* are often of great iudireet value in 



providLog a matbezxutloal fmw^work upon which to place the eonuctioa factom de- 
terminod by testa. Tht etiorgy [^m due to viscous -ibeir may be treated mathematically^ 
m win be ahoirn for flow through pipes and open channeUi. The derived equations agire 
with the reaulifl at testa as long as flow: La brntnar. 

Lamtrwir fimr b the tjTJC dciieribed in the deHnittoii of viacosity, i.e.^ i^teh layiir of 
fluid tnivitk pirulTel to the adjacent layers and the paths of individuaJ panicles do not 
croBtf. Thia may be iiluidnited by the apparatus shown in Fig. 24, m which water ia 
iJrawn through the giaEs tube a from the biTKo tank h, ibi' fiow being regulated by the 
valv^ at c. A fine slivam of dyn may thrn he injeded from d. ^^Tien the vdocitv in 
the tube la low, the dye will he earned through the lube eia a single thread c, Ap the 
velocity is increased, a point is itw-JwrJ when (he dye will minglfi with the water through¬ 
out the ertnv in>etiDn of the lube, indicating that crtitsEi-cufTeiit veloeiUcn have de^-uloped. 
\V\u\ii ero^urrent velodtka an> prrisoni ihe flow is railed fiaw. Tik' mte of 

energy dueipation for a given dbcliarRc is much greater in turbuleiit flow than m laminar 
flow. Turbulent flow is iharaett riled by Lhe presence of teddies which m their formation 
and disintegration an^ largely rt^sponaiblD fer the additional eEK^rgv- loss. 

The CKWtence of the two types of fkm^ dt^rilaxl by Hagen in his publieatloiis 
(1^ to IJSOW)^ but the law pnvenilng the tranmtion between laminar nitd turhulErnt 
fi[>w wag stated by (Ipborne Reynolds (£ES3)J He nhowed that the point at which pipe 
flow cJmnges frniii laminar to LnrbuleiU depends upon the velocity, deikFaty, and ^^bcoshy 
of the fluid and upon the diamoter of the pipe, arranged in the folEowiug dimensiunh^ 
form, latfir called the '^Reynclds pumher.*' 


/E=^ 


O) 


...' Micijrijf the i«i«iuof Sawfni flukb k ^iTin in Fnimm uid Tiirnm. 

ApfiLad Hi-dra- sad AtmaM-huoci, Chap. UL - 


















THE FLOW OF KLUlPS 


4-21 


fflgnificajiCL^ of the Re>'Taokli^ nimiber lies m tbu foet tliBl it w th« T^tio of tbo inertial 
forte to tbt' vbeous force aetlu^ on & amt of £iiid timstt. When R in very the inertial 
or dist urhiitH; ufTeetfi are Inri^ eouLpared with tlte ^tabjliiinK; vineoiis elfert^ and flow in 
fully turhiileut. When ff b very atoall the \^bcou^ loraM! are id full eocitra] auid Hew b 
Umijiar. For jnlermedliii4> valius^ cd R therv oxbun a traDdlion miijEe in whieJi flow may 
be lUther Isminitr or itirbuh^nt. The uBefulne?:! of the Beynoldsi numiier ia not niitrieled 
to pipe HoWp for it b the alhimportant tinif^'ing, factor La plottuif teisl for mojiy 

other flow eonditionn. 

Flow Diay be elas^DOrd aa steady or unjiteady. Flow b si€ad^ if (I) the \^lodty at 
any point doea not vary with and {2} the eoatinitity equatioD b aaibhed, f 
J{<fW does not flalisfy ono or both of tbede eonditioiifi. Thi+ cmttmuilif r-guiO^ton requited 
that the mnaa diseharKO i^Q be conjitant at all paints In n conduit- fn other w'onla, it 
Uidaiis that there b Ho openini; in the coiiduit for ^uid lo be gaiiked or loot and that thi* 
Bow^ has stabiitxc'd in stjeh a manner that any rhan^ of state occurring within the eon- 
duit is tsJting pSacT! at a eoristaiit rate. If e is the average velocity at any erc^ scctien 
through a condujl nod o the rfDsj-wirtiaiial area, then Q ^ op and the continuity ifqua- 
tioD may he writteu 

pQ w PlOiri ■ ^ * i (30) 


If the duid Is Ineompnaiaible p is constant and ihv eqiialicui may he written 


Q ^ oiDi *■ »+ + + a»Pn, (31) 

The continuity equation Lb Bomellmes written for a snmll p^irlion of th^ area of the 
eonduit db whieh b bounded by streamlines. ^Srrmm/rn«r are paths of individual fluid 
partitliTS whieh ate nasuiued not to rrevs each other its in die ra^i^ of laminar Ili>w. Ah 
thouj^b HtreamlEm^s do not exist in turbulent do^" the aLUilugj' is bi'lpfu] in {Ftud^'ing the 
general nattifo of the Bow pal tern. A series of such sinwnlliK^ arrangf^i siy'fiitenuttieally 
across the entire cross section of a conduit h called a ni't.' 

Flow may be further cEaj^sifbii as uniform or nonunifomi. In um/omt fioit, the ana 
and shape of a croes seetiou through the flowing stn-am am the same at suecesaivo points 
Mieh aa in the ease of flow' in a pipe of con- 
Plant djameter. In neanayonn flow the 
Buid Is bdiig aeeekrated not only in I he 
tUrvMJliou of flow- but In the uonnal direc¬ 
tion as in the case of through a ven¬ 
turi meter (p, 4-25)- 

Energy and the Bernoulli Equadon- 
The energy of a flowing slTvam may be 
evaluaU-d by raiiiddering a small particle 
of weight ir aj* shown in Fig, This 
partieli! b located at a point in a closed 
conduit where the pres?urc b p' nnil Ihe 
velocity b u. The kinetic eiu^fgy of the 
partlcb b than ft-lfa. The po- 

tentbJ eneigy due thi* ckwal am of the 
particle above the datum x' is Wt" ft-lb. If the moEion In the conduit isi st€>Adyr the 
particle has av^aiEabte the additional pobnitial energy IFpVfl^ which could be 

con^^^rted to elevation encJrgj- or kinetic energy. Tta^ total energy of thin parliclc h then 



Fiii. L]jierK>' of h Bowing fiuicl. 


E 


+ ” + HV ft-Jb 

2^ UT 




I Tar n detided iWrkiliyn at ft*W MOm BW R-uumm. w\4 HwWp, '"HMitf McChwaJ^ of 
BriArrm, V. th, ''Flaiii Mocluaki,” 
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and at I hot particular point La tho eonduit the per unit la 

E p"* 

if " ^ 

For the purpose of soiling How pnil^k^iu^ it is iu'tcsRar>' to obtam m. e?tpre 3 sion for the 
av'tungi^ cn£>rgy per pound pae^ng a particular vrmiF sectioii of a i^OlKluit. An csuimtCLit- 
tian of Fig. '25 wiJ] ehow that tbe sum of the Latter two terma in Et|. (33) \b eonstmit tof 
all points in itie crosa ^tlon. Thus theae tnt> teriDS arc alfr-ady perfectly gecoml and 
may be replaocd by p/w and whieh apply to the eentcr of the pipe. Howevt<rp the 
term in Eq. (33) for kinetle energy u-/2g applies only tq a particular portion of the 
conduit and the iletcrDQluation of an averagt^ value n^qiptr? rurtber cooRidciratiDn. The 
expr^on for thi= avomae kinetic energ)' ia ueiially wiiiten ae Bhown by Eq, (341+ where 
d IB n pijinber gtcalcr than one and p \a tbe avetagp Telocity in the croaa seetion. 

KE jwr pound “ o ~ (34) 

2s? 

The average kuietk energy per pound for the entire eonduii tiection may be obtained 
by adding the small quantities of energy paasdng through i-arh ekmentar^' arua do per 
second and then dividing by the total flow in pounds per second as folloa^: 

KE per pound »■-— fftS} 


If a Telocity-diatributkin cun^c is avaihibli% ibp integration may be earrlGd out either 
mathemaii^ly or graphically ^ and the v^uq of a determined by equating Equ. (34) 
and (35) (we p. The value of a \b approximately 1.1 for turbuJent flow in a Btroi^t 

i-unduil but may be ofl high afl 2 near ubplnirtiona,* For laminar flow In pipes it Is 2 
{p. 4-62) and in open channels approximately 1.6, For ordinary hydraulic eomputatlons 
di'uiing with turbulent flow, a is usually taken as I either for Lsek of information conr 
cemlng its value Lo particular pnjbknifl or hecauae the error crvaled thereby ie negligible. 
By substituting «i^/2g, p and ^ for u^/2^, p* and x' respectively in Eq. (33), and tAking 
a « 1+ tbe following f^nend exprewdon for the average energ>^ per pound of fluid ie ob- 
taimxlt 

// " ^ ^ !**■ 


BiHi^aLiM' each term in (36) reprraietitji cprigy per unit weight, Le.| foot-pounds per 
]wood, the dimt^n-Hionfl i»f iiacb lerm arc eqiuv'alent to lengtJi. This may be Tcrified 
by examining thi^ temiB ditnimHionally by the fm^thod illustrated on p. 4—4. Tho letter 
// ii used in Eq- (30) because, taring of|uivak>nt to icogtb, ibo tattm are frequently called 
" An exproMioii for the eneigj^ per unit o( volume may he obtained by multiplying 
the terms of Eq> (36) by the specifle weight u> ob nhoivii in Eq. (37), 


wH 


— -h p + irt ft-lb per eu ft 

£g 


m 


In Um biter expreasion xr may be replaced by pff os follows; 


PifH 


m 


^rUHiBP wi4 Jpo^ouK. Vi!kidt>-l»d CiHTBctiijfii fw ItifdimiilH Flw, ifw. Aot ifl. IBM, 

* Kihu, IL W,, e>f WyihpuEini," ^tiJ tJ,, p. T- 13 . 
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Any of tHe nbovv eMprtaayn* u eiillifd tlie BrrmuUi fainlani aftor Daniel B^moiilU, 
who wju) probably Ow dirat to ducujw th& formE) of flow energy (1738). For a frictjQii- 
I m (id6&l) fluid the aunt uf term^ in Bernoulli's constant is ibe ^ame at all points 
in the stream. MathcmatiaUly this may be stated by the ifemnufft eruu^icm. 







2^ w 


(30) 


Hoeatifio fluids aro not ideal but viseous, ami all fluid moi'emcnl is aanoclated with 
€ncr^' dia^pation, the euergy at tht? downstream point 2 will be than al the np- 
fitream poiol U Cciiiae<iuent3y tbe above eqUaLion must be romfi^ted for the low aa 
followal 


— +-1" 'I 

2j 7 to 



1? 4- Aj 


m) 


Bemoulli'a equation will fim be apphod to 
Is then seto and Eq, (3fi) beMuvea 


k tank of liquid at rest. Thti veloeity term 


// 


w 


m 


TlH've terms are showm graphically in Fig. 2d^ from which It may be seen that If Is the 
same fnr all the liquid in the tank- If the verttcaJ 
dislance below tlw wattT Furtaoe b re- 

placeri by A in £q. (4])| it becomes 

A--^ (12) 

If 

wbleh was derived in the stijiiy of hydnwtaticfi- If 
the liquid in the lank were uiUiiiHl to do wwk, aa 
by directing a jet at a 100 percent efficient turbine 
placerl at the datum plane, thi; work done by isicb 
pound of liquid w'oukl be U provklr.'d that them 
Wert? a source of supply which would keep the liquid surface nt a TOu^^tanit elevation. 
If on the other hand tkm were no supply and the tank wert emptied In tht> pnjCL-iits, 
only the Rret particle of hquid would haw tlK'' cocrgi' H nud tdl others would have 
the final particle liaving only hi fl>lb per lb- Obviously in the second caw Eq. (41) 
cannot be used to determine the total energy of the liquid In the tank, thus ill Listmting 
why^ in the dbeuasiou of ener|Ejv pre^rc term was restricted to steady tnnticfl.^ 

Pitot Tube. In ita idraplest fenUp the pitot tube itf a 
pipe with open ends having a right-aujgle tM!fld niair one as 
;<tkown in Fig, 27+ When it is immersed in a flowing stream 
with its open md directed against the cnrrenl, water will 
rise in thi- tube to a bc-ijjht h above the water su^^a^\^ 
Writing Bernoulli's equation from o to # in 77, neglect- 
ins ctveri>' Iosihw, 




Fio. Tfl. Tank of Ikplid at rest. 



2g ID 


2& w 




Id. . jtQt tu . datum plane in ukcii through points a and a* and £» 

wHIi be Also, b equeJ to A' and p, is equal to \h* -f- A). Finally, scro be- 

caujte a b the atagmilion point where pariklwi of fluid are brought tp a compli tc t ap. Then 


^Tbe dmvHtion flt BerfMMiLifl hy (rtliw ifiaUid^ tti ria^y Uib m 

S«/t^ WwL». ind W'wnaciLK- ^ HydtwibeiH ^Ui p% 

AtEckikba," p, &U 


FtulLrf fiiribeF-. 
V, L, 
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— -h h* o " 

ip 

And _ 

(43? 

Tbiji riitjiplc! mcHhod qf mL^urinf; vqlndt^^ hs^ little jiTActiuJ vaJua, ainet the height ta 
wbif^b nrAt«r wilS Hj«q ifi the tube i^nut be accwAtuly tneA^umJ. [f tbu tubi^ m 

the Kf^re IB turned SO tliAi the op4>tiiii|^ points downsii^Am, a sttctkin Im 

qtTAt^:^- Thf^ dktAUce that the Water in the ttlbe will then bo below the water Binface 
in tbt* Btraam b[w lieen riHUiii e3C|ieritnefitAily to bu nbout {3.43ir/2{f, If a atrali^t tdbe 
with open enr|a in inserted vutrtieatly into & stn^Ain, a ^miSar suet ion is cii>'atod. Fotr 
this reason, pk-iometet tubes (see p. 4-Si Used lo meaFiiri> ntatk ptwmT^ in stTOsnis 
c^hould not pfojeot into the Water bi|t fibould be made Biu*^h writb the conduit walM, 






f6J 



Fio, 28. Tliree wtnmjpumuU of pilot cubn. 


■Several ftTnuiBemenla for utdisinj; the pitot tube principle for raeuuhiig velooitiinK 
have been ckiv^inedr All ihestr duvieua have a kinutir dEcected agiainst the cumnl and 
ai «0 a static I*'b, the diffi^rrnoL- In pitssurt" in tin- t wo k-RS henti^ a lueamire of the vebdty. 
FiRurp SSo illustrates a dcfiRn by Darey for meiksurioR voloeliias in open chaniirls. 
GlasB tubes an^ coniu)et^>cl to the upper ends of the tegs au^l also to an air suction pump 
through a eonuuuu air ehAmber rontaininijE n valve. There are two valvr^i jugt below 
thi‘ m,\i^ tubes. Since this diwfce in HyniTriclrir!sl+ either leg <iin be pdiiited appunut 
the current and ihrii^ sersr as ibe kinetic Iijr. By operating the pump, air is latf^ 
lied sufficiently tfl riraw fioth abater rolunms luto thi? glajia The valves are then 

cloned and the iusuiinient ti* lifliMi fro m the water , and I he dilTereiice iu hef^ls r>r 
columns — A; is read. Then^ e « f'\/^thi — hf}. The coeffirienl r, a constant for 
r^aeh inj^mraent^ should Ix^ nbtuined from a rating In still wat^^r. 

The pitot tube nhown in Fig. 286 is adapted to nhfssunng velocities in pipesJ With 

■ Tbb dwdtfs wji# rveeuntaMidcd in the ciipocn ^ ilw t$pcelal UdMieli OmudLtttfi of tbs ml 

^ Mrnmm. Tfadr t^sirr ^tid Afiplkwibn.'^ IWii. 
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thii* BTTiLh^mjt^nl, tbd? static kfg in ontinjly nepftrttt# frutm thi^ Iriiu-ti? U*g, Tlw U'|E 

nbould be duflb with iim ifliwf surfaw of the pipe. 

Another type of pitot^ftatie tube ib f^bcurn In Fig. 28c. Tf Bemcmlirs equfition is 
written from o to t (Fig, 28c) it take# ihp rollowing form: 


and 


* • I _i_ _i_ _i_ 

2^ tr IT 


P* 



(43) 


Tiiid i.‘quatjQti applies to the arran|a''tni^rLtfi »diDwii lei 2£^ja and 28r, either of whieh 
may In^ uijvd to mi^ai^rL- velocitu^n In avU on in liquids. The vaJiu* of 

~ — ] may be obtjiined bv the of a V tube containing a liquid heasuer thim 
V w/ * 

the flowing duid- Pitoi-eUiiie tnln^ of the type ^hown in Fig. 28c ure frequently tuned 
oa oLr-apcedi indicators for airplanes- It ahoufd be noted that p« the velocity of the 
fluid with irapeet to the tube, eltbei' of which may be in iHiillEin. In fact, pitot tubei^ are 
of ton calibrated by moving them at known vdoektiea 
through fluids at rest. .All pitot tul>tv miwt btT eah- 
brated to detemune a eorrecHon coelEeiPOl to be ap- 
plied to Eq. t4J) AS fallowa: 


tf = C\\^ 


\tr v^J 


(44) 



Fici. 2tli. 'SlvFcuTy If lube. 


lO: .Assume that tlie pilot^tatle tube of 
Fig. 38^> i« infilalled in a water pipe and that it* lejp^ 

are eunnected to the merntry V tube shown in Fig,2^J. Delennmt' the theoretical vi4q- 
rity of the water alri king the pitot tube. 

From Bq. (10)^ 


Tberefoni, 


Pm - - Up) 

« X 62.4 - Ii2.4) - 131 lb per aq ft 


Th«i from Eq. f44), 


fl 

Vw w/ 62.4 


m 1 X S.02 => 11.6 ft per sec 


Ventuji Meter, A section of a venturi meter reproduced from a draniiig contained 
in the report of the ^^peeiaJ CoiumittM^ un Fluid l^leleni tjf the Al^MB b ^howu Ln Fig. 

It eohis^ff of a coitFtrieted poiiioii oJ u pipn? which accisbrotiH Ihe water aiid lowerv ita 
atalic pressure, l^larting at thv uptslream end^ theft? b Bm a short c^’lindriml portion 
whirh rontainii a pieionu^cr-tulie conneetion. Tba’-re t hen fallowa the enlmnw cone of 
about 21 total anghs which leads to Efu- throaE, a ahun cidLtider containing n E^ail^ectin!l 
for a Second piezometer tube. ITie dmnieter oF the throat i* naiiaJEy betwoen onr^half 
ami oEio-4ouTth of the cot ranee or pipe diftmetor+ Tty? end of t he throat k-giAlB into the 
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p^ 3 Qt or dlfTuBt^r'i tutving, n lotal Ukulu- of 5" to 7*1^ whicli in tbc foliowiiijiic 

pipe ^ntr A prvfifliiiv eoimi^tioii m noouitimef provided at ih^ downitTvoiD end to 
diitefmme the ovemil Sm of head in the vooturi, Th& funetion d the Vong liiveri^ng 
FOBfi id to decelento the water smoothly and tvatorr ihe prefsiare as tiearly a* pneticfttife 



to the enLrsnoe prTE«™e. The ovemlS low of head ie 10 to 20 percent of the cMerentEal 
from entrance to throat. 

If in Fig. 3D point I h at the center of the main sectioo and pnbt 2 ii at the center of 
the thruai ^clicrn, the Bernoulli deviation applied fmni I to 2 ii 


rr pi pf 

^ ^ ■ T- + ” + 

2^ Id 2;^ ic 


{40} 


If the d&tuni plane m token through points I and 2, the r ternw ue lero and from Eq. 

^311 



m 


Equation <40) may now be written 
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It u tonv^oleDt to taJ£c c&nf of locd by tfirnn^ ol a cocfficiP^nt C haring a vaIuc 

l4!«a th&n ] r&tboT thAJi by »ublrBj;;tb]g itp sctiinj vidiie as in Eq, Iiuortin^ C and 

mulliplyiDK by ds. 



m 


For Any paiticiikr ratio of tbroAt dmoieter to pipe^ diAinetcrp faIup? of C v&ry with tlit 
velocity, tbc ihroAl dtATOct^rp the viscoAityp and tdie deonly, Tt iff to be cspceted tbuit 
tbi- eambitii^d effect of these four quantities on C can be be*t deiennioed by Arnmgbii; 



Fio^ 31^ Veotuii meter coe^dAntn. 


them io tbo diioenffionk$» form of Rei-noldi number. Valu^ of € platted fljfain-it 
Reynolds nqirLber lor metera having a ratio of pipe to throat diameter varyina from 
to 3:1 roffiilt in the curve Ahown in F%, 3lJ These values are appiicahb not only 
to liquids but to |;ases if the prwffure drop between points i and 2 (Fig. 3&) is not mom 
thAn I percent of tbe pmawure at L For larger prewnire dmpp, fTornTfiorw for doiMtty 
ehanges myjrt be made,* 

^ .^zampfr 11: DeLermine tlie diffcbarge of water at SO'^F tiuougb the venturi ehown in 
Fig. 30 if tbc thro&t diameter is G Ln.^ the pipe dutmeter is 12 in.^ ft is 6 in., mud 
tnanoiiietor fluid U mereury. 

From Eq. (IG), 


and 


pi - ps - - ifA> 

- Ha{r3.5 X 02.2 - 62,2) - 3g9 lb per sq ft 



sag 

62.2 


e,25 ft 


■ ''fluid TiM£ TLaoiv ffad AppIkiiyaA,^ 3 d «L. AliHE. lOflL 
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Tb*? thecwretimJ valitis of vs i% from Eq^ (46>, 



Tbcrtfore 


From F3 }e- ^1, 
nud 

Q 


= sm ^ 


6.25 

1 ~ tH)* 


20.7 ft per sec 



X^-T 

OJ 3 CIOOQC 3 


1,110,0(10 


£7 -0,00 


- 0 ,fia X 0.190 X 20.7 - 4.01 ni ft per «c 


ORIFICES 

Flow of water throUf;!! m oiifiee iif ninstfated m Fig. 32. Water approaebe^ die 
otifite rbrcHi^h the chaumel afec^^, Tbe qunnUiy of water ^owiDg in tbc chaiitkel beit^ 
the ianie ElJ^ the quaniily flawing thrairgb tbi? fliifioCt «> th« fl«iw ie iteeuly* Thr 
orifiec flj> shown w thtfrp^ed^; i.e., it has a i^hairp up^treauL eorner so that the water 

in pa^iiit toruehes only a line. The streiuu of 
waler isfuiing from the orifice b teimed lhc> jti. If 
tbe orifice disehargea into the air, it a R&id to have 
frf.t disthaf^i and if it dischargjtd under water^ ii 
If m\d to l>e *Efhi?wf The o/ approach ^s 

the ehanoel ^.^ading up to the orifice, anrl the mean 
^^elodty Hi in thi.^ channel w the i>ekciiu of appro&dir 
Orifices may be dreulur, square^ reelaniipjltLr, or of 
any other regular form. 

If the orifict^ is not too cktftt* to the sides or bot¬ 
tom of the rtmnin,d or to the surface of the water, 
I he waler partidco approaeh. it in uniformly con¬ 
verging paths from all directiuffiij and sinee It is 
not ponniblc for ihB watiT partkles nhniptly to 
rhungp ihejr directiotu bnmediAtely upnn Itiaving 
ih? urifiee, they eotitiiiue to travel for acimi* diFtaiir^ In curvilinear paths, causing the 
jet to contract* The seelion wb.*rc eontraetion u-rL:^>a (2^ Fig- 32) is called the wna 
cotilrada. The i.-etia wmtracta far a drcitlar orifice \b about on^hniT the diameter of ihe 
npetiing downat rmm from the plune of tia* orifice. 

The Bi-moulli equation wiitteii from any point In Llii> liqmd such as I in Fig- 32 to 
the vena contracta 2 taking iht^ datuiu pkne ibriiugh the eonter of the cirifico ip 



Fio- 32 r Flow ihrough odfiee. 


and 


, Pi 
2ir IP 


2^ w 


:■„ /Pi p* ,h* , \ 


(«} 


Pednt 2 tieing located where the jet bus ceased Lu eoiitrael, its preesun? li that of ihr mir- 
rcnjnding fluid. For dischario' into the atniosphere pt is therefore loro on ibo gage scale. 
















ORIFICES 4-2<J 

F&r iiitacH, w\wm Fmaill tli&t it timy be Rj*pJjielng py/w with h mul 

drD|!^iiif( the fubscript of Ec|. (4S) mny nnw bt^ writtcci 

p « - kt) f4ej 

X^glcelitig pm;r^ kifw^, th^ pquatioD for thi* tfai>oreticAE wlopity bccorora 

- v'Sfj; (5t>j 

Tlw eiicngy loss may be talu-n r?in* of by upplyiii]^ k eixiffidcnt of VLiloeity to iht^ 
theoretica! velocity aft follu^Ti: 

^ECkith Aod Walker 1 fouod valui« of C, lo Vftr>^ Irofii O.-QiS^ to 0.991 fup orilia.<a vniyliif^ 
In likiuetor fmoi 0.75 in, to 3,5 in. lospc'elivety. They aJs^t fouiiij a smtall variatiou 
with head, the above vaJuen f^einj? avei^'s for lu»ii£b vitrying fnim 3 to 00 ft* 

The dlschar^^ through nti ori^lc^^ in oLtaioed from itu- pnxluet of iht? voWity and 
the ftma at the vena rontiut ta. The an^ii ut ihi' vtoH eontmetA o* Is lew? than i he area 
of the arihcc a. the ratio between the two bejog mlk^J the CCH-Ihcumt of eontraetion O, 
Tberefcre, 

sj » Cefl {52) 

and 

Q » ^ (53) 

YaJuo* of Cr for circular nbarp-edged oriiicea h&vii been foimd to vary from approxi¬ 
mately 0r€7 for ^-m. oriheet to O.fill for 2.5-Ln. orificea when the h^&d ia 2 ft or more.^ 
VniuEj are ilightlv Larger far lower hendi. 

The product of C* and |§ calM the co*^cient of discharge C, Equation (53) may 
therefore bt wnlt^n 

Q - Cn\ 2^h (54) 

One of the earliest eKperiment^jrs on i<barp-edfied orifieea wa^ Hjkiailtoin *SjiiJth, Jr.* 
His valuer of the coefficient of difieharge for round tknd M^oar\‘ orifices an? gi ven in TMv 
3. There have been many subsequent inventigations of circular orifici's, not all of which 


Tablk 3. SujTii'a CoEFKCJXNTfr OX lliscitARiiti nm CiBrrL.^R Aao .Hofare OnmoE^ 

wmi Fvll CosTnL^eno,s: 


lHut4Jrtff of nmilfeT wiBaa, Ft 
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MU 
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OM 
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0497 
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o.aoH . 
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642? 
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ajm 
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0.919 

Ofll? 
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6003 

e.w 
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t.m 1 
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4494 

34 
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696? 

6469 

0.901 
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C.U7 
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Q.HH 
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3 
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0490 
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6400 1 
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O.S07 
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0.10D > 
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1 0494 

4 

ajm 
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0.907 

! 6405 

6.»4l 

66m 

6403 

Ouill 

! 

ASbl 

O.UD 

6494 

0494 

6454 

4 

MIO 

6436 

CLflW 

0.401 

0 .S 61 
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6,909 

Ull 

O.SQJ 

0^ 

DlIDS 

649: 

6494 

ft4« 

16 

6434 , 

6064 

0461 

6«M 

0.903 

66D? 

0.903 

OAOl , 

ejm 


0494 

0494 

0464 

040* 

TO 

6»0 

6401 

6JHU 

CMttff 

□.BQ> 

6461 
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e.8M 


0494 

6491 

6461 

6491 , 

64S3 

50 

6402 

6«] 

646L 

06D6 

0.4$l 

' 04W 

ojm 
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0411? 

am 
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ojm 

019? 

m 

6419 

' 046B 

6J9il 

6594 

6494 
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I u4 W^kmk. 0Fifie4 Fluvr, Ptmt. Jr«:JL Sngn. fliMiJjniJ, tltiL ^30, 

r 'tlyxlrmano.^ ^ 








































KTOBAt'UCe 


4^30 


HU* in mtupement. Ruefinl invttstiBationJi by nnd JuhiuMxt ‘ ehwk Smitb a 

cot^dcnu for orifictw kr®er flwJi H in. dimneter within 4 of 1 portont. V*lur« of tlw 
cwifficient of duichArBU for a 1-in orifice w dBtonaiiHsJ by vnrioiis invcrtigniorr nm 
nlotled by MihIbubIi juhI JoimBno im shown in Fig. 33- The diileivoees between the 
vnluw mv uncloubtcdly not entirely due to espeiimentai eftnii. M»ny other (*clora 
mny eontributo, SiS for insbmce the ratio of the arifice lUamfitor to the diUMJiiaoBS of the 



f Oyei 

I 









1 

Sf”M If 





-I 

\ 












i- ^ 

■- J 


















1 

, 

1 1 1 

1 












1 

i 







\ 














) — N 












i/irn^ 





1 1 






Cn 

in 


Flfi. Kt- Ccim[Hirir*cwi of orifti?^ vamyA ftiperimeatra. 


uak w^J], tlie ^hui-piM.^ af of lln^ the mugtn™ of the urnttr 

the orifice plate, tmd the lenipemtuje of the water. The elfetit of \avin^ the tank wail 
Appmarh Lbc urifice w to sfuppreai! eontmetioa and tbti^refnrt? to make C Approfleh the 
v'flJuti of Pfoxiioity B. idde of an orifi™ to & tfurface parallel to the dueetion oF 

flow (Fii^ S4bi) pjevi!Ht 5 the free &ppr*HM'li of water and rnHttiela eontradtion un thb 
side. Tf art orifwe hair any partion of ecJjp* flienh with t he bottom or a ride of the i^upply 



FtO. 1^4. ef eeatrartion. 


xiderv'oir or ehanne) of approneh fFift- 34rl„ contract ion for that part of the orihee in 
unlircly mippreswsi. 

The cOf^i^cient of oontracLioa of mi orlhce dueA not vur>' direel ly with thtt k'o^tli of 
peHnreter iiubject to contmctinti. Ef thiire in Fuppn.^ion of oontmetion on nni^ fqde and 
oppoii unity for eompirti? conLraetlon on the other iid^a^ more water wiU npprtiach with 
\-elocily eomporiLmts paraJlnl to the face of the orifice on thew ndee and cauw inen^a^od 

I ME&ACOfl and JoaaHA InvHtip^linn pf llw DaduTHia Khdl Cnttffltkait pf SouJl Circylu thiftcop. 

citii ifl*.. itif. i«D, w- 









































































orifices 


4^31 


eoutnftctjeD. Thi# to Ji lorg** vn\] mtnpfritiMALii for loas of (MitatruftLcn on the othtir 

nA?. WfUinma ^ fotmil, for rerlnopjlar orifiocai 30 itL widLp ajid 2 to 4 in. hi^h with full 
contnuctioo al iha top and compieh^ly suppnwwl contriBetidii m thci two MdtiK and 
bcittum, thi* coofSeiLtit of dUrhnrsi- w'a* O.fiOT, Thin atUui? comsspoiKLi clo^-ly 

to ihi' coof&cii'fit for orifici** with oompleSo Mntracrtjon. For oHfinp* hatvini; rul] ron- 
tnu^ton Bt tht top^ ow sflde a sharp t^gy 6 in. from tho Hde of the oluionol, ami nmtnus 
tion euppreftsed at one i4dr and bottom^ Willianu eecuml an eoefEeioot d 

0.611. With tho nbovi.'' mOortF, eict’pt that tbt? top wiu bt^-t^led to an angk- of 46hi* 
idilaiiiLN;! vaJoc'a of C of G.7T6 mid 0,766 irsape^rtivuly. Table 4, from rt^idt# compiled by 
Smith, ^ indlmti-# the effect of fiuppre^nn of c^ntmErtinn for ^niall oriOccfl. In thi§ table, 
^^^ppn^sKOfl contmcliod' meaniF that the edgi^ d the orihft? coiDCidi:^ with ibe side d 
the channch and "'partly iftipprrased'* meana that Un? dutaniM^ d the cd^se d the orifiix^ 
from tla? aide d Uw ch 4 .iiiit.d vrms 0.066 ft, A spedd rare of ioippmi^cd contraction h 
the pipe oriGoe which will he. dtitctiasod later. 


TAnLi] 4. COKFnaKMf* or DraenABOE fob Recta soi; la h Dbujtcea 0.666 Ft Wide 
W ITH Pahtiallt Sn-rREissEo 


Dtteftplkoa «if 

Hetjdit. 

It 
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ft 
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0.fi9§ 

0gSD4 
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aw 
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Lkm, i., H -. i- ■ * 1-1- -' 
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iHii uiO pmly 1 
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(om aiJy... _,.. ^ 
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O.Oflfl 
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OJ073 



o.ogfi 

0.680 

0.fl77 

0,877 


0,000 

O.rtW 
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BuKifunsBcdi Q|] b^tb 
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0087 

IL055 
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EtW 
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TaBIhR 6. CoEiTtClKSTS OF DISCHARGE OF VABICI'M-SH.Vl'tO flalTIOES WTTtI CoMr^lTt 

CQ.STKACnOS 


rHUlliCtibf DriSwi I It wli^ 


BtnrrW Mpcfitinu fw fWHWr4AP«l wificia * 
ailHI aq im. warm. 
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ft 
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a«n 

Q.m 

Q.m 

1 

0409 

0.619 

CUilB 

0.024 

0A» 

9.641 . 

ONM 

0325 

OHO 

0,000 

5,WH 

0.001 

O.604 

ow 

4 

4i«0T 

0.014 

9U634 

O.SJfl 

01817 

0jB3i ' 

0637 

0330 

OJO0 

odos 

r}i_f|0g 

QLOOI 

O.HB 

0.604 

8 

Qwa 

O.St3 

man 

DJ22 

mm \ 

9034 

0.035 

0310 

O.0D0 

OutUH 

QUOOJ 

aoDi 

o.sod 

0.^ 

ID 

0.699 

fl,5l;3 

9jfl]5 

0.833 

0154 

ajW3 ! 

0633 

0513 

0007 

0003 

mOKti 

9v90| 

0,103 

o.KHa 

IS 

0.001 

o.sta 

aon 

O02O 

0422 

9639 ; 

mm 

0317 

0.007 

OJHH 

D.002 : 

9.001 

0.401 

OE03 

» 

0,60 

O.BOS 

0.411 

0.820 

0121 

lUSfi 

0^^ 

0410 

OJDO 

0,60t 

mm 1 

0,001 

UvSCH 

0409 

30 









OJll 

OJKil 

duMH 

0.402 

o.ifl0 

O.SM 

60 










I VqvqtHuard mipamiartit* rrrfoniw4 «« Oie Uftiwuily pl MictiiMii in HISS. 

r^^Jlv<ilAukH»/^ l*p. 6i-67, 
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4^32 

Whi^R ttu- iflncf i'd®c of the ortSw? b completely rounded in Fsk- 34*1. eoctmction 
is suppieJified^ imd C# becnmefl 1 and tbefeffirr C ib equal tit Cr^ Valnefl of C*i *uch 
are appriiidmAlely thi^ jw fnr ahiirp-L'd^'<l orifice*, 

Roii fih j^ninp l^u.' imiur iurfiwe ^ tbu’ oriliee plate retards i\m velocity coniponenti 
alouK whiek caiue eoalmetian luid thua tends to mervaiw the valitfcJii of both 

Cf and C, i^infilar offecti n^eidd result from havitii; the orifice plaie differ from a per¬ 
fectly pbuie wjffacH. U U were slt^htly warped outward, wouhl be increasifd, wkeivas 
au tuwanj curv&tun? of tht plate wonkl have the opposite elFeci Cbm rMnirant tiibe^ 

p. 

The effect of wider temperature is to chaoiEC the viaeoiity and density. It h&!t idready 
been ehowTi in Talkie 3 ibal C variEid with the wloeity and the orifice diameter, ft 
thofefore uppearv that hem afrain the Ecynoltia number m likely to be the roordinadng 



Fici, 15. Coctfieient of diainhaf|tc far circulltf bliE»fp-eda«d ojifiee* In taulcs. 


fnetof whseh will show Lhe rffect on. C of all four of the obovn-nnuitloDcd factom. Thia 
hfts been deiEonetrated by Lea^* who plotted niofi* than one hundred Esjterimnntal 
ViduL'^ of C ajpun^t d\/^hpJiM- This quantity i» closely related to the Reynolds nmnlwr 
Vi^ 4 »ka^' I he valsici in a function of and bw thu dimensionii of velocity. It may b? 

M.vn from Bq, <50) that the pA nmlliplied by b thi? tht'oretical vekjciLy at the vena 
ronttaela. Thi* author^* rurvE ilerivid from Lea''s plotted pointB b shown m Fig. 35. 
The fiuhb uiwd in the tesb were water^ various mixtures of water lunl glycerin, and a 
number Of oils^ Flow in laimnar for ^nd fuEly turbulent for v’nlues 

greater than 10,000, intervemog values MFreaponding to a tmnrition roiige. The 
points plutied by fA‘a fdH»w a aprecul d about 3 piTcent exe^^pt in thi' timnskion range 
wbu^re tliD spread is 15 pereeuL The tests of Medaugh and Johnson * agree very well 
with Un's eiirve within thn roitgc of vnlucs of d^/^p/a. covered by both studies {10.000 
to J,OOO.OOQ). 

Ernmptf 12: Delerudnn the disciMtrgE from a Large Lank thnsigh a ^du-Hlianieter 
sliarp-edgeii orifice iJ the liquid surface is 4 ft above tbs renter of the orlfiee and LIh* 
orifiM dweltarges into the atmoarphere. The BuH is watnr at a lempenitnre of 100‘'F. 
From Table 2^ p- 4-3^ 

w — 62.0 lb [)er cu ft 

ntid 

-= 0.fXKlClH24 Hluppi per ft flee 

I J,K 4 . i\ '"Hj'rtnqii™,” flUi ed,, LonvniMUM. Qfm * Cev. tjip., 

1 ntwl JoHinioH. [aTfsiJRktbn ixf tliB' nWhuar and Gp^AWdriii ul ic^hi&U Cixnik^r 

CinI July. 10.^1, iKT-. JK 434. 




















(mincEs 


4 :J3 


TkfH 


^ Ha 3 X 4 X t^g-0/aL2 
M * O.CKK)OH24 


2&,600 


From Fig. 35, ^ - 0.^l3^ and from Eq. (M) 

- 0,fl3 X Q-TOIR-v/* X 32;2 X 4 - Q:J2 pfr 

lnvt*«li^tioTia hy BUton * a^^wi-d ttw <»pRiri4^iii of 
difrch&rgt^ of a ciroylar orifico undtir any giY^Ji bead 
to be the same wheth^T the jet be borizontaJ, vertical^ 
or al any intermediate armle. 

The aecompan>inge:^niet« from tatih^ by Faonkig* 
and Bovey * (Table 6) give eoeBieiurLlii of dkebaj^i 
for vanniu sahape# and arrang^na-ntj of oiibcea with 
cumplele eontrattion. FamuiieV table, compiled 
from experiments from several itcmrces, nmiaiiv co- 
effieient^ for orifices L ft wide, of various heighiSt 
axul under a wide mo^ of heAda- Bavey's table* 
prepomi from bis owo experiment.*^ on orifices of 
rlilferkMit sliapert, each n^lh iKe of a Hrele H in* 
in dLamotor^ iEidinitiw the efTh^ at «hape of opeumn; 
on tbe COeffidpllT. 

PiiiJi of Jtt In Fig- xand p are tbe^ eoordimilras 
of any point m in a jet du^harging from a vi-rlical 
oribee Under a head If is the wliwsit^^ La ihe. 
vena conlmeta, at the end of time f ^ pj; and 

from the law of falling bodies^ if » EiiniinatEng f from these b^tuationa, 

, 2rJ 

'r* -- y 

9 

which b the equalton of a parabola having ilM vertex at the center of the oriHee. ^iub- 
E^tituting fnr r» thi-: valuta pvtm in Eq. (6l)> 



(55) 




(SO) 


Head Lost in Dlanharie- From Eq. Sfiljp it appi'ars that ihti aelnal velocity Vg in 
the vena eontmerta i* less than tbe tbcciiTtipal velocity as given by Eq* (50)* Thw i§ 
iH'eaiw ihi? wati^r HUHtaJna a lu^s of head due lo friction in passing through I be orilict'!. 
Tran^pofling Eq^ (51)^ the tolaJ ht^ proclncing diMTharge beecnu'S 


‘-C?- 




f57) 


The lost head hi \» equal to the total bend the velocity head eorruiponding to or 

p.’.'11;^ w AC.*»»ubi«titutuig;ia (38), Ai = {I — for xhtup^jfeilari(u««, if 

Ct ~ 0,98, A| * - O.mOiA, 

^ CEi«tlQu;EBf)ia nf DischikrXE- IhfOfllilh (itriiii P&pcf rinful llti^tarlan teuitil^lte qi 


^InmPMWfii* A[iril. JFriff. Nm, Jub' P. IWMt- 

p[i, 305-1500. I>. Vi 
^ 'Pi7djviii».'^2d nJ., p*a7, im, 


■n Nbjkinjid Cetn|MiA>r Inr,, K^iv Vafk. IHHk 
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HYDKAUUtTS 


DischAJ^e imdej' FaJ-IIxie Heiid, 'Water \b duK^hniirf^iii; from m tlkruiigb nn orifii^ 
fUjj. 37’l liBving an area a fuiJ a eovMcLuiit C. TWri': la ro rompenjiatinK in- 

fluw^ ao till* rji-pih isf water will jtradually drcrt^?. At any dppth yn the area of waller 

durfaev IB .4, and ibe increment of lime required ta 
lower the water surface theinfinitesimaldiatatiE^ di/ ia 



di 


Adu 

Ca^/2ffy 


m 


TJlia L'qiiation can be i*olvtd otdy whnn A can be ei- 
pn-aiH'41 in tenn^ of Wboa thia can be* done, in* 
tii^ratin^ between tbi' liniilM hi arid Aj gives the 
time required to Jowtr thi? water nuifac^ tW dis- 
tatim At ” As. Placing At =“ 0 givies the time of 
i^mptying the vessel. The funniiU apr^s to verti¬ 
cal or inclined oiifiees as \un% rm they flow fulL 
for a qrlinder or prism, A ib canatant^ and 


i 


2.4 


£7aV% 


{V^t - vT,) 


(60} 


(«} 

iA an 


FiO. ^7. OrfGc^ under fallinfT head. 

Discharga under Low Heada^ Equation 
lusumea that diicbnrite oeeuis imder the at^rage head. For low htfads^ there 
nppR'eiAble difcmnrtf Letwoim tin? true thtMireticaJ discharge and the disebEU^* j^wn 
by Eq. (64'). Becanso It affords tbo diupl^t treatment, tbe rviCtanguJar orifice 
CFIKl 33) uitl be invtf^Pti^ted. The lifTctt ii velocity of approach will be ne^lectcai. 
The ortfice has a width L and a hei^t If, 

A] and A:l lieing the respective heads ou iht' 
upixrr and lower edpes of the orifict. Thi? 
l1lcon^tical ditnihargi' ihmi^jb any elemcii- 
tarT.“ strip of aM L discharging under a 
hejnj is tiQi = rh\/%y which, when 
integrated between the linuls As and A|, 
giw* as the diseharge* through thi^ nrifioc 


Q - CHLV^ tki'* - fn*i) ((Sl> 


1 

1 

*' f 


1 1 

' 1 

L 

u 

\ 


-- L ——i- 



Kig, 38. 


Reciaiurular orifiw imdcr low 


When A| » D, Q - CHLu/^hi^. Mhicti ui tlu> 
ffmiiula, without votocity of appnsneh eorrec- 
tltifi, for dbchaigc over a wcLr im.v p. 4—ifi). 

Ttie formula giving the true tbcoretica] dn^charge for vertical dreular orifice is quite 
complicated and has no praelical value. For Ai = .tf, Eq, iOl) gives iwulis about 1 
perwnt greattT than Eq. t54 ?; and for A i * 2M, about 0.3 piTcent greater. There are 
ndrniiar diflin'nciw t^etww?ii tbi^ cnrreapandiTig rnnnijlii;i W rircular oiificos. Equation 
^54) u generally employed for nil inrluding thote dischniiging utulor low htwln^ 

dcVLatlon from the more pn'cw* form of fonnuta being coftiioUHl for in the oonlhcLcnt. 

Submerged Orifices- 3incc thf water particles at alt points in the plarie of a irtitp 
mergcil orihci- arr subjected to I he fiarfii' uiil^aknccd pnaiaun^ rLfmllitig fnim tht' ElifTi-nmcc 
iu k‘Vi.!] of water syifaceS tAp Fig- the thcanHicai vi.4ocity through the uriEw ]b 

Pi » Itieludmg a coefficient of dischargi^ (?, tho discharge of a snbmi^rgird orihr^i 

arcao ii _ 

Q « €as/2^ (54) 


There ate but a few expcrinicnla- avillalile for dctcrmuuiig C |qr submerged oiificce. 
Fur phorp-cdgi.-d circular and HquMV submerged orifice# 0.01 eq ft and less m area, dia- 



























ORIFICES 4-3.'> 

rhan^ii]^ under hwis fji to -I ft, Smilh obt^tJuxl aii DVerti^ C of 0.60*2. EJ3k ob- 
tfiined pTmelioAlly thin samt- value for a circSc I ft in dinmt'ter and alBO far hh or£!i«! 1 
ft »quafe, ujidL>r of 2 to IS ft. For b urifin^ I fl jtqimre with rinjoded 

vorTiemp under Kinds of ^ to IE ftp Elli^ ohtainrd an 
avi^ra^.^ of O.&IS. All ejeporimeiitiS indirale that iKe 
value of Ibe etiefficUini is not Rrmtly affi^eiod by 
injbtnfcrgencer 

Gales. A gate v an openini; in a dam or other 
stmelure lo pi-.riiiit the rA,^>ngF oF wnUft, UBtmJly 
Ineludiiift memia of feg^KitLEUE oiilHfiw- TKi! tlia- 
ch4ince may be oitKer free or submerged. Gates Kavo 
the hydraulic properties of oitficea, the formula for 
dlschfiriBe heirig 

Q - fW) 

in ivbkb K is the heat! on iht* center of the orifiet* for 
fme di.’Kdianm and the dUTereiice in elevation of water 
anrfaees for Bubmcrigcd liUehanrt^^ tjincc ibcm are 
ou fftjin dftr rU of dt-^gn, gates have V'ar^iog degrees of cuntnicIlOEl with rurn^siiocktlklg 
vafiatLooi! in C\ The tresulls of many cxpcrimenla od have heen (jubliahctir but 
each set of experitnent^^ ia anpltnible unJy to one particiilar type of sttnctuie and to the 

sppriid oonditioiiH under which ihi.^ experiments 
wi’ii* purformed. Even experimnutdi on the saiiii^ 
>nnii‘turt% dUrharfdng under appanmlly Eimihir 
nonditioiis. fit.*tiu£'ntly show an iticxpKcably wide 
nin.j£e in n^ul ts. I n -si'li'c( in|t a diKchafKi' coefficient 
for purjiusL'^ of deaign, ihi^ cnidnecr ditHjId hv coii^ 
Ni-rvati^’i'^ BJid chuow a minimum rather than an 
avcrB|!o STdOe. The Jiitc of opening can be roduecii 
by opftmtion of I he gide, but ic cannot \w. irkcmaaciL 
The more cuinmon frratures eiilliodiid in Ordinary 
canal In'ud gatca an? illoFirated in Fig. dO. At ihc 
lioltom and sidi:^ of the opemug, coiitraetion is 
usually comph^tcly snippmsAd, whiJe al the top the 
contrarEion will vary with the amount that the up¬ 
stream I^KiltoEn ed|p.- of the gate or curtain wall 
niuEidinl. Experimentiii values of comi^pond* 
ing to iliffenmt heads in feet, by Newell ^ for the 
Maxwt'U r-ajial head gate <F1g. ^0) arc as follows: 

A « U.ll, r - 0.S3; h = 0.1€. V « D.S3: h = 1.08* 
r » D.6SS: h *= im C - OJtfi. other CKixri^ 
incuts op gatcii of Ehii* C^'pc show a simJIar bul 
sonietiiiuw wider range in values and even mom 
glaring incotmirtciicieSr 

Pipe Orifices. A rireular flharpH.!dgi:^| pipe ori- 
fid- b- shown III Fig. 41. Thd? vetnrity at ihe vena 
contwta 2 U given by Eq, (4E)^ Eleplaolng the 
enerio-duHH term hi withG* as wai* doni' For orifices in lanks, Eq. (4B) boimmee 











(62) 































HYDRAUUCS 


4-3() 

In pipe (iriDoa thu vifkwity of npprtrnch f«tof cannot l» umittcd. Again 

letting fii ■ CrO ootl C = €iC^ the cspwseifln foe the dineliargc becomes 

In thb iQTta. ttu; iK|UMtion requin's a tfut-anil'tr.v ifo^ution. by replftdug ^ with 



Fiq. 41. Cireullir £lmrp-Hig^ ozific«B in pipes. 


iti veilue obtaitu^ Irtun the L-quarinn of rontinuHy (Q/ai), at being the arm uT rbe pipi?, 
the ft^loning for dcrived- 





The value of C mrien unit cuiLy wilh the factors which AfTected arihen;^ in lnnkr= bitt 
ftlitu with the ratio of thu nrificu diiina'ler // io the pipe diainetcr dx and with Un* Inmtinn 
uf the pre^iire taps- indicates that the location of iHh! vena contnurta varie^i^ fmni 
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Flo. 42. OrlSce coefficient^ 


SymtjcJ 

FEuid 

BjipcrimcDter 

ScHiriM 
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KowuHeen Babi luid 

Kinje, Wbler, aivd Wuodhiirn, 
•Hydrnulic#*^ 
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Air 

Bcan^ BurhiHidiam. 
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KiiiR. Wh^, aod Wctodlntni. 
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O 
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TUBES, CULVERTS, AND SIPHONS 


0.32 fripe to 0.S7 pipi.’' btHow oiifiop plate ns ihi^ ratio flf thii 

mficv iliiiiwMT to tlu5 pipe dianieler vane» fnim O.S to 0.2.^ \Mktii orlfiec w 

at tbc! i'.nti U a pipe« pt tn Bi|. (Bl t » suru arkd only a sioKle pruviLrv tap U requiml. 
Curves Ltie relaUcKQ between C itisiJ ihr ReynoJdtii nufiiber are plottcfi in Fi|£„ 42. 

The velocity r luk'ti ia eouptitiiijc the nttiulK-r i§ the averuf^^ velocity in the 

plane oi tliber orifice. Fortiatui of the EnlmeK are' ^hown ctoHhrd Hnc^ hNvaiMe valnea o| 
R arc uneftrtain far tie? meaf^T data anUhihle in that rrgjon. Addjtinnal in/nfmaiion 
on tfn^ fncalion nt thi.^ vena cnntnietii and ihd MiJue of orifiei' meffiriiMit in given by 
King*amJ in the A^ME Power Teel Codi'^.* 

TUBES, CUlVEHTSp AND SIPHONS 

Cyliodneal Tubes. A Hhort eylLmlrtciJ lube 2?:^ to 3 duuneterv in length with ^harp 
Upfltneam conu'Ta (Fi*. 43) i^ tailed a Afonddrd *Aorf The J^harp comer raupe§ the 

jfit to contrart, but It immhi osEpoDd-i and fitb* the tube. ppatv * surrounding the con¬ 

tracted jet ift with air and iddytng waten Since the velocity at m in tln^ cuntracted 



Fio. 44. Kfwntronl lube. 


Via, 4J. Standarrl siuirt tuhe^ 


jet if! ETcaLer than at the nutti't n when- pre-wie ii^ atmii^spbi^nep it can be shown by 
Bt^mouiU^ei t?quatian that itM.* prx-saure at *» w h** than atrno^pheHc pressure. The dia- 
charipe of thi^ tube is tlu^n'fon> gniiter than the dkeharge of a s^harpHedged orifice of iby 
latne dianuiter under tbn Mtuu' head, ^^ince the tubr flowi* fulh she coefficient of con- 
traction h unity, and the of dkhhariirp [Eq. f^ll i^uab the meiiGient of 

veSocity. From eseptsrinH^nta, thi* avemgi^ ^rfa-fficiciit of dufehargn C in &.S2, Suh^ituting 
thin value of <7, Or Cr, in Ii>i, (5Sl give>i as ihe hi^ad loft in dkefmrgw 


ir 

hi - O.oO - 
3? 


m) 


where c k the mean velocity in the tube. Tlw conditions of flow in a ^hort- tube coi^ 
respond to the conditloTiA at the irntrance to a p*po. 

A tube projecting into a Inidy of water (Fig- 44)' io called a rofafruai tube. The con- 
irnctian produced by this tula? w i(reflter thou for tho standard pbort tube. Tht^ behavior 
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Hri>RAULlCfl 


of ihe water in the two kincU df tulieta La othervke oJniilar. Fnim expqtitnntitff, the ct^ 
efScieni ef dL^hArge € » 0.76 nnd thp IcmI bijad hi * 

Conkal Tulj«, A tube huviti^ ihc; ef a LniBmled eooe with water tiuuitiK tawani 
ihe smaller base is railed a ertJuwn-fnflfl Siieh tubes may have a »il■4^v^?CirtH^sred en- 
trnnre (Fig. ^51 or a rounds entraure CFl)t 46). Thi> jet conlrarte alightly at n jitit 
beyond the outlet. TIu* eoet^rient of oontmcllon detfcaacs as the a^igle of coiiver- 
S^nee ^ inm-HEiep imtil * I !^* and “ 0.62, the coeffick’Ul for a i^hflrp-ediced oriheo- 




Fic. 45i. ConverEinf tube whb ahiup FlO. CuoTTrainii tube with n>ua4ed 
coruer^ entrance. eutrance. 


The coefhcMint af velocity Cw inri^ase^ with 0. Dii^hatice In given by Ec|- which 

C w Ccf'i-r The aeeumpeuiyiiiK table of eoeffli^kjntd (Table 6) for cooverj^ng tube's with 
Bharp-HiriK'tvcl etitmiini sibown the Variation in the eoeiffideuL. Theae valties arc bEU?ed 
Upon eKpeiimeitta Ob Btsudi tuJ^ and are not generally applicable. The coefficient of 
velocity and therelope tile cij^^ffld^nt of discharae will be inerettecd by rounding the en¬ 
trance. 


Tabij? 6- CoJtrric?tKNt* not Sit.^njM-coKSEaun C0>vi!:i^n^o Tv^^^ {Fits. 45) 


4 

0^ 

3** 

10^ 

15* 

20'= 

25“ 

30* 

40* 

50* 


O.SJJu 

0-911 

0.147 

O.tlOo 

0.071 

0-073 

0-076 

O.OSl 

0.0&4 

c. 



0.002 

0 072 

0.052 

0.035 

Q.OIS 

0 SS6 


V 

o-sa^t 

0,yt0 

0 030 

0-038 

0.024 

o.ou 

0.806 

1 0 fi71 

0.R45 





The tonieal tube shown in Fig. 47 wkk 
water flowing tward the ]ttT|(cr baae w 
ralh'd a di'iwr^njr lu&c or ppntvri 
TIh^ ebtraqce e* rounded w that ehangL-s 
lb velcMitly ocebf gradually. If the angle 
of flatru S ia not too gFrat^ I he tube will 
flew rull. E3ipc!ritikenta by Ventori show 
ll'H' mml efficiebt value of ^ to he alHJUt 
S'^. \ iJlsehorge iwu tu thrcH- tina^e that 

of a ehaip-cdgod orihee having tbt^ saute 
diameter as the thioaL may obtained 
with a I ube of this kind. That the prtwmre 
in the throat is lese thonaliUMpheric preo- 
nui^ can be ebown by writing Burnoulira 
equation between poiDte m and ti iFlg. 47). 
IToxoIm, a noule ia a converging tube attached to the outlet of a ho» or pipe to 


Fid. 47. PiviHtdag tube- 

























TUBES^ culverts* ANU SIPHONS 4--39 

tht" wludi3r, Two iihaptsi uf tkDju!f>e h&ving el hlKh eKciiin^y mre eti<irwii in Fijf, 

48- Eofh of thoite terminjitta witb a cyMndri aJ rin^ irliicli previ^ntj ODULtBction, 

In tt» CQEiwrKinK part » eanimh in b, it is cur^X'd Lowiud. The roltowm^ ato cuc^- 
rienti of dbcbAT^f^ fsbtainfd by Frf‘^*m-Lri < for noEiUn of different diatnL^lerr rtiniil»’ to 
nzH ID., e •0.f«3; H in , ^ - OSm: I 
in., C ^ G.asa; in.. V = D.97ti: IH In., 

C « 0.971; l il< Ln.,C - 0.95D. 

Stibmcrfjrd Tube A. Afthouj^H exper* 

iiDii!;Dlia to eDU[i|»ikmtlvT' rlijwhor.prc^ app 

not av&linble. it h prolialih^ that, u:^ ir^ Tfu- 
oaao ‘syjth orilioesi. thi* AH^ITi^icint of dis- 
i'hfLTKt' for tiibes [C an Et|. m not nur 
teiiAlly rhajigijfl by inibin^r^noi^. f Joy 
subtwrfRxl tuliiaifrtiqtHHTitty form important 
tMirt? of eiijg;Lne<"rijfiK ntnjrturvfl- Sucb tubt^^ 
may have kD^bfi tm Or more fimeHa thtif pt!riiBi'ti>rn and nre in reality abort but 

io nmny mfftatieqa where their length is not loo gnvitp it is found eonvenicdt to oonmder 
tiu'm Of tub^ and to indude Ihe Eoes of bead due to pipe fiiotion in the cocfheient of 
dtecharge. Thn loss of bend in a BtibmerKed tube la alTooted by entranA^ cooditionH, 
bt^ing greateft for a Trentmnt end (Fig. 44} and kiaal far n bellmouthed pnlninA>. Even 
moderate: rounding of the entrance to a tube nuLterially reducep losst of hrad. To rd> 
tain maxlmuin di?ichargp, the intake natwt br jnibtoorgL'd to n depth not Icfla than the nim 
of the velocity head and kiss of bead, at entrance (see p. ), For a ^uarc-eomenid i?n- 
tnun^p themininium BubmergL'nce of entranA^ Ls eouimonly taken ns 1.5ir/2^, v 
the tn^nn vtsJocity in tbe tube. ExamplLfti of lar^< submergerJ tubep arc eulvertp^ in- 
%'urtjDci ^pboofl, imd atphon ^piiJwavm. Valued of thy coefEeienl of discharge C coixb- 
paled fnim expc^rioients by -Steirart * ofid Hop^nf outl Smith • on fubmerged lubes (3.5 
to 4 ft square are givt:’n in Table 7^ These tiperimentis abow C to vary with tbr kiigt h 
and fdse of lube but not with tin? bji-a^J. fii the table, L u the Jeniftb of tubes and p is 
tbi‘ pofinuiiiir of a eruHn Ennrtion of the tube. 

CidTerts. The uimL edtnmun purpo^so of culverla ih to pass natural Elraiimge thmogh 
an embankment. Tb- impoilant i^on.-^ideratinn is that the capaeily will be Bnffirioni to 
p*HP all oiduiaT}^ floc^bE wiihoiit danuige^ Tt is therefore oceeasary to invesEig^te roiKli- 



Fiu. 48. NouIml 



tinofl of Euaiuinun] disehnrgc. Tlu‘ ultimate caparity of tbe culvert i# reached when 
water on the upiTtreem side of tb' embankment stands wt the highest safe lewl. Tuder 
Ihw eouditiort^ the outlet wUt cuftiinarily he ifubmerBPd- A fhdd examination wUt utnudly 
nifCifwary to tWEiniate tbe two water leveb. The hErad h (Fig. 49} Ip th^^ difference in 
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Table 7. CosmcnEyiri or Disciiahuk vom Laboe ^^i ^uejmed Tvbeii 


L/p “ Irmftb -s- periim^lof 


DutfcHptiim iif cuiilTaclinfis 

f>.0^ 

0,1 

0.2 

0,3 

i,o 

All TOntens ^iJAr&. .. 

O.Gl 

O.tiS 

1 0,G8 
0,77 
OJiS 

o.i3e 
0,07 
i 0,00 
0.78 
0,t-l8 

0,74 

0.78 

0.71 

0.73 

0,fl2 

0.7iJ i 

0,77 

0,7*1 

0,83 

0,01 

O.SO 
OJt 
0.82 
, 0.85 
GJ» 

SupprPSMnJ Oil bot tom oolv ^ i - -. - - - * ^ 

Hoppro^scd on bottom rtiid one Kidc. . 

Su|>pmriHed on boltJini lind two » . . . 

Ijollom, two jind top .. 


TaBL^ 8. CoEmCIEN’jns or Dx^CKAIIOE job CuLVEffTw 


Dr^ripiicoi of cuK-i'rl ^ 

X 

i 

1.5 

2 

3 

4 

5 

6 


10 

0-80 

0.80 

0.9L 

0,IJ2 

0,93 

0Ji4 

0.94 


20 

0,79l 

0,84 

0-871 

0.90 

0,91 

0,ST2 

0,93 

Concrete psr**, bcvdeddip t-nlrAnre. . 

80 

0.73 

0.§0 

0,83 

0.87 

0,S9 

0,90 

0,91 

-10 

o.ris 

0,7a 

O.SO 

0.85 

0.88 

0,89 

0,00 


50 

D.l^ 

0.73 

0.77 

0.83 

0.86 

O.SS 

0.S9 


10 

0.80 

D.81 

0,80 

0.79 

0.77 

0.76 

0.75 


20 

0.74 

0.77 

0,78 

0.77 

0,76 

0,75 

0.74 

entrance, 

30 

40 

0,60 

0,55 

0,73 

0-70 

0,75 

0.73 

0,70 

0,74 

0.75 

0,74 

0,74 

0.74 

0.74 

0.73 


50 

0.82| 

0,68 

0.71 

0,73 

0,73 

o.n 

0,72 


10 

e,0Q 

0,91 

0,91 

0,89 

0.85 

0,80 

0.75 


20 

0,^ 

0,88 

0,87 

0.86 

0,83 

0,79 

0.75 

VUrifiwJ-clny pipe, befll end tipirtraaiii. 

1 30 
40 

0,77 

0,72 

0.82 

0,78 

0.84 

0,81 

0,84 

0,S2 

0,62 

0,80 

0,78 

0,77 

0 74 
0,73 


50 

0.59 

0.75 

0.78 

O.SO 

0,79 

0,76 

0,73 


30 

0.07 

0,74 

lo.TT 

0 . 79 ' 

0.80 

0,80 

0,79 


20 

0,55 

0.65 

D,6S 

0,73 

0.75 

0.76 

0.7G 

C^omiKBted-meUil pipe. ^ . 

50 

0,48 

0.56 

0,62 

0.68 

0.71 

0,73 

0.74 

40 

,0.43 

|0.5I 

0.57 

0,64 

0.68 

0,70 

0,71 


50 

0.39 

0,47 

,0,53 

|0.61 

0.65 

O.tkS 

0.69 


X 

0.2 

0,3 

0.4 

0.0 

0.8 

l.O 

1,5 


10 

0.85 

0,80 

0,92 

0.94 

0,95 

0,96 

j0,96 


20 

,0.76 

0,83 

0,87 

0,91 

0,tl2 

0,M 

0,95 

Cooerete boE, roundud^ip entnunv,. 

30 

0.70 

0,78 

0.82 

0.S8 

0.90 

0,92 

O.W 

40 

0.05 

0,73 

0.79 

0.S5 

0.S8 

0.90 

0.fi3 


50 

0.00 

0 70 

0,75 

0.82 

0.86 

0,89 

0.92 


r 10 

0,70 

0.82 

D,S3 

0,84 

0.84 

0.83 

0,S2 


20 

j0.T2 

0,TT 

0,79 

O.&l 

0.82 

0.82 

0,81 

^iquare-fonmnMl L■ut^]|n^^ti^., . 

1 30 

O.GT 

0.73 

0.76 

0.79 

0.80 

' 0.8L 

0.81 

40 

Q.G2 

0,69 

0,73 

0,77 

10.751 

a,§o 

O.SO 


50 

0.53 


0.7J 

0,75 

0,77 

0,78 

0.70 


























































CULVERTS, A.\ll SIPHONS 
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ibps? kvi'l*, and diinrhiiJfi-^ ubinim^d from Eq. -(54 >- oI moEV than ^^000 **xpLTi- 

merit^ to dt^tiTHiirte Ihe cwlfid^^m of dis^chtirgi" € for eoiitrrli.% vithfii^'^l-clay, porrugated- 
iiHM&l pipe culvertfi aiid wnrit-tt* bos ruJviTf* haVB hiMfH publub'd by Ynmcll, Ntigjf^rj 
and WochiJwMfd.^ The px|x‘nmeiilH wi-re poiiduetpil on pipf# 12 to 30 ir. in diameter iJid 
on box i!!tjlvfrtEt, IfOth Hiuan- ami rectojigular^ of 2 to 16 ft om^i’ectiDrii&l Kfi'a. 

of culvrrtifi I'tperttm^EkbHJ ojxin irirre 24, 30, Hud 39 ft. Fn^m the experimeiitfitp 
formulHa Were deiiei'cl for di^torniioing i*. TnJik? 8 (pvii's vnlut^ of C eomputed from 
thrsM' ffirmuU?5. In ibe^ d i? th^ duwnfter of pipe culwrti*^ r {Bee p^ 4-67j the by- 
dmiifir mdiiut of Iwix rulvertu, t^^v\ L itw^ limgth <if ml vert, rd] in feet. For euSvrrtj? nmn^ 
I biU3 50 fl [ring, ibe b^aij lost in the total length, less 60 ft^ fbouiJ. be computed by h pip^H 
or opeiHohaiiiiel formula. The value of ft to be in Eq, (54) is then the dLfren.mETe in 
elevation of water Buifaces minus the computed ]m» of bead^ and the v&loe of C to b« 
usvil lA that given in thi^ table for a mil Vert 50 ft kuig. 

A study of piitmnce aJid outlet couditjous of culverts made in CDCuiection with the 
invi-st igation of Yorruill, Nagler. and Woodward indleate^ that 45^ wfiig wuEhr uhhI in 
eoaiH^elicm with pipe culverts inereoHe the disr-hatKii- L to 10 pereeut i.tviT that obtfUEh^t 
with a Bi-might end wall and that wing walb are mote olfieiL-nl when set flush with the 
edge of the pipe than whin smt 6 in, back firum the cdi^e. V-type wing walb uBcd eei 
eonnecliou with vitrificd'clay pipe pnaluctd a slightly snmJk^r dtsnharjp« than that ob- 
likianj with & straight CEtd wall, TIh^ biivi'U'd lip at the entriiinj lu euiierctc culverts 
greatly mluced entrance Ior*, ft wm' foutaJ ibai a 24r-iii. clay pipi» 39 ft long with a 
straight end w^oll and tb' bell end ups^tct'am earriod abuut 10 percent njimi? water thjkii 
(he same culvert wilh a square-cornept'd entranci?. Hounding the i^nlmnw of n 24:-iii. 
vitrified-ciay pipi* culvert mcrcased the capacity 13 peretmt. It fmiud also I hat the 
ilu•^:harg^‘ b dccriwjwd jpEtghlly by projecting the pipe ihrough tb*' hemi w'all. There is 
little didurenve wbelbtu- a pipe with jmuare^imeti'Hj enirauce projects 3 in. or 2 ft or 
more. An Ig^in- corxugatijfbmKtal pipe with a 3-10, proji^Ction onriii.'s jdightiy more water 
than the mme pipe wfih a gtvaEer projeetion. Doubling the end area of the submj?r|Qi-Yt 
outlet of an l8-in. vilrified-clay pipe cuJvY^rt by attaching a lO"^ diverging bell viaa found 
Up incrtaw the disctieuge by 40 |a^rcent over that obtained through (he same cuKTrt 
without the divergmg end- 

Culvcrt discharge may atfo be computed by ennsidering the culvert as a short p\’p^\ 
B4.-mDulli'B equation written rmm point i I) to point (2), Fig- 49, (nliing lhe tlatum plane 
al the elevation uf the water surface at (2), gis'ei 

ft - A, + ftjT + A. m 


I n thi! above equation ht b the ent k>a^, A/ b i bi’ fiirtion |cfi^f, mid fto is T he k^ss at 
the outlet. The ontranct' and outlet lusaes an’: iisuolly eKpressed in terma of the velocity 
head a^ followi: 

A. m 

and 

r 


ft*j " A “ 


m) 


wbi^re V ia the average velocity in the pape. The frietion may be dcterrained from 
the Manning formula or the Daray-Wciabach equation as dea^enbed on p, 4-b2. 

Ktraub amt MoirtB- '* have njportiwi values of Kt and li'ell as voloeaaf the MaEiniiig 
CM3i?ffidcnt n ami the Darcy-Weisboch ccs-ffipient/, hast'd on a series or taliorAtnr>> twts 

* Flow (jf Wftlcf Uafueah CulVMtJP. iS (02<t- 

* Siktea, L. <}., ud It. M. Moilhia. '"Ili'drautl^ Tmi^ tjti Coni^tn Cuh^ PipM,” Twek. f*mr So. | 

■Iftrw jP^ St. Anth^y FuJIb llydzwtilu rfttKjnl<H-;s% Mt/iiiBapoli#i.. (ttW, arwl '"l{,^-drEiilBr Tntflifm ComMaPni 
MhCoI Cfeilytrt Fipf*.'' Tieft. A'*, A, if, Ht. Jeoftafiy F*Fls lljL'4i/«iilir lat>i5fAlJ3r>-. ArEnnfUinl^ 


atDHAUUCS 


4-^2 

alt cutitriftC: hiid <»rrupitL‘4-WL*LHJ*pipe culverts, wuru ituuic oa culvert# 

U>3 ft long for pipe* flowing fuM Wid for ih& case □[ ypifonu Sow with a free surface, 
Eauud pipes of 1^ in,, 21 in^, ami in. diameterfii were used an widS a^^ ainrhi^ corrugated- 
metaJ pipe* having the waim? pciiuietcre as the munij pipits. Th« diityrnHiutid nf the 
comigalcd pipe refer to i hi* iuaiiic! diameter^ and the height of l he cumigatiuns wiw hi. 
The entrance to the coiiri^tc culverts consisted of the grOdl^lt^ ctaj cf a hingth of ton^pic- 
aiid-groDve pipc^ Testa vivm made with the inSet miii flindi with the wall of the head¬ 
water pool and fdw with a pfojcirting inlet. 

For tbfc concrete pipe, dcsigii vaLucs of I be entrance-JciaH coi^fli-njuiit K* wi^re found 
to bo O.lO for the flush itilct and 0.15 for the proiecthig irdet. ThtHw v^ilMca apply to 
full fliw and to part4ull flow eonditiom. For corrugated-tnotal pipes flowiriK full, 
practical dtsign values of wre fciurid to bo 0.5 for a flush unttance and O.^" for the 
projecting entranetn For the ca«5 of flow with a rnKi eiirfaCi> in corrugated pipfS, the 
corresponding vaJuA** of iff^ were 0.4 ami OT, rtapccUvely. 

The oiitlet-l(wa cOtiflickiAt fif* wa^^ foimd to be nearly l.G in all 

Valui^ pf thi' MiUicung « vwi*^ pomN.!whai wdlh the pipe the hhapi' of thi* pipe, 
and the Rfi-voclils number- Fractital dtjaign vaiucsi taken m^ar the upper end of the range 
are O.Ol i for concrete pipe and 0.0^ for corrugated-imital pipe. Stmilar valued of the 
Darry-WeifllMieh / for concrete pipo are 0.0IS for thi' IS-tn. pipe and 0.016 for the 24- 
aiul 3ti-hr pipe. Corrt^iponding v-aluca of / for oorrugated-iuctal pipe arei 0.105 for the 
l^n- Riac, 0.090 for the 24-in. din.", and 0.075 for itkc 3(^kn. size. Thu results i^tai&cd 
frem Fci. (36X using t|ui coL'fficieiits given above^ are in good agrei^ment with value# 
r^>mpuU-d from Eq. (54)^ Using appropriate value# nf C from Talde 8. 


13: Heterniine the head required U> produce a djbchatge of ^ erfft throuith 
u cMincreto culvert having n bevels*! lip. n Icnglh of 50 ft, and a dfjiniEter of 2 ft. A^ume 
that the culvert is flowing fuH- 

n. Using Eq, (54) and tnbing the v^due of C frnm Ta!»le 8, 


Q - €^h 


or 

A. Uaing Eq, £601, 

tmd 

Tlwn, from lik). (57j^ 
and, from E<i, (68> 


£301* 


- 2.39 ft 


( 0 . 771 ^ 3 . 142)^.4 

41 ^ 

y ^ “ = .. . ^ * lbn5 ft |)er see 
a 3.142 

X^, 2q = 1.42 ft 

A, - a:. — « 0.10 K U42 =0.14 fL 
A, » - t.O >C 1,42 - I 42 ft 


'OiE^ value (if hf may be nblaincd from Eq. ll23>, p. 4-ii2, uaing/ 


Then, 


1 50 

^ O 0J6 X — X I 42 - 0.57 U 

h - 0.14 -i- 0.57 + 1.12 - 2.13 ft 


aoi« 


Short Siphons. When th*.' rentml portiuu of a culvert i# depressed below the entraon- 
and outlet levels^ the structure b terrood an inuerttd #ipAon or, more froqucDtly^ a jbpAoa. 




TUBESj CUl-VERTSj AND SrPHONS 4— 

Shi>rt piphoEi? art cdtitnicifily to coovty 'ftnitefii imdf’T kighwAy^, rail and 

dlilfor craaI? {Fig. 50j^. Tbt disfchargt \m by £)q. (£4), nod iIh? biwi A ia r ht diiftrtnct 
la laval af wntitr eurrAci'^. ] T all (rhoikfi;^ in |puj:li! art muEit* wi4 h riirt4:^ t hut 
there aia no abrupt -ehanj^ in valoriily In diroftiun oi Sow, ii in probable that the 
valuer oF the coefficient of discharge C gpvep in Table S for ciilveria will apply quila 
closely- In ron^vying tmal walem, the diAchai^ Ls unuidly fised by the capacity ol tbe 
canal, iuid the lu^i nccrwaiy to force thin quantity cif water ihrough a atphoo of a ipven 



rtoHH-soctiniial aaa b required, 
in ekii^ation of water 0 urfacf>^ is 


Traiin{H>nEug Eq. (54)*^ tbi'! required ht^arj cir differeftee 


h 


2g€r^^ 


1 ^ 
' 2g 


{ 69 > 


which cam^nponcL^ with Ei\. (57). 

An inv^wtipition by Stewart * of lihort romd niphijiu ijf the UJ3. Biueaa of fU'chwna- 
tiflii, baling a square cross section and four righl-angk'd turns fonc lum to dinfct the 
water vertically downward, one to direel it horlKoiitall>% one to dm?et il veitically up¬ 
ward, and family one to db^harge the water horisontally at tlw outh^t,!, chowi^d a Itmp- of 
Head of ihrr'o to five I fines i he velwity head. Tliese results show that abrupt chaJigcA in 
difeolioti of flow produce exeeaflive of head or, if thi^ head is that t hey clause 
a cQiTi?flponEiing; reduetien in ilischargi,N 

Siphon Spillways. Thi- prindple goverEiing the opctulioii id* siphoii cpillwaya ia ihu,^ 
trated In Fig. 51. Umk-r uormai cooditioas, bolK lutake and outkt are imbimirgi^t, tbi^ 
space within the tufm b^4ng scaled. When The upper water level gt^ts high lUioagb for 
flow through the siphon to hripn, air withitii the endowd fipace m carriwJ out by 



^Vor^PTdjf/ wor&r 
siiffi^ce 


^crfP&J Sffrf^ce 


Fio. 51. Siphon spillwm^ 


moving water,, and ia a abort tirm^ ibu iiaR^^way is flowing fulL Flow continues until 
the wato’r AuifaE*!; is lowemi i-nEiuglk lo e.x|HJk4i- thi^ Ee>p of tbe intake anrl hir^ak the Kial, 
Such ciphonii, if of airtight ooiistrucliou+ haiu tlie hy inrulle pokpertka of PubmcTRiHi 
tubes. Dlaciiati^e is given by Fa\. tU- hew I A be ng the difleitmce in ek-vatioii of 
waloi- Miifaci^ ^i&,9 ft in figun^). From eKpenmi'ntA on I be five ^iphonii of a i^pillwa^v on 
the Yuina proji'^i nf tfu^ U.Si. Bunau of Jb-rliiniatiuii 'Hr 51 Is a rmsn emelioti of one 
of these ^phoru), Banm * obtauki>il valiK'S of thik cot’^cbmt ieI discharge C rauintig from 
0.52 to O.Td. 

t Biir. HA^Iamatm Erptttmtnt^ D>iH 41, 42, 4^. 44. 11^ 

■ FJ. Birr. Rtd^maium iipmpinUol iksla B. CBI. IBZS. 
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HYDfLVULlCB 


'nrems aud dams 

FI™ cif v^tfT through ft nntcli or weir \@ illiiBimcd in Fig. 52. WjiltT in Wl up tii 
tlii^ wvIt through h ch&nnol caJ]ed thu Munnrl &f apfirmf:h, thr cuL-au in thij 

rliiiiinii:^l Iwing the primlji 0 / opprrwcA. The cd}te or etirf&ee over whi^h ihn water fion'w 
is railed the crtJt^ of thfr weir. The ovcrflomng water after tb* winr i«i temwd lht‘ 

napfHf, The weir Fhown in the figure i§ flAu^p-cre^ed; Le., it hajf a fftmrp iipj^tream corner 

4iji!h that tha in pa5Jiiog tourhcFF only a 

lifte. In paHfiiig ovei’ all other weirsi^ the water 
touched a smiat^ InsteaLj of a Une^ and such 
wei» for want of a b.-Lter term are elaj^sed m 
irei'ri ^harp-ermtrd. A wvir w said to have /fre 
diich^T^i when, aa m Fip- 52^ it discharged ffiidy 
into the air. if tb- dl^^hargc is purtlally under 
water, as dhown m Hg- M, the weir \b mid to be 
or droMTMaJ. ClassibHl b aecordanDe 
with dhape of noLch, weir^ may be rcdOTi£rufar, 
trion^/ar or V-notcA^ irujKtmdul, or of any othi^r 
regular form. Sharp-ertdted weitK provide a uttefiaJ meana of measuring fiowliig water, 
but they servo no ot her purpose. Wians not sharp^nvat ed are ctutimonly bcurpanupd 
in hydraulic structure# wb^re they may bo used to tmiaaiiro water, but this la uniially a 
secondary function. 

The difference in elevation between the upstream wati-r Hurfaw and the weLr crest 
H tFig. 52) If callofi tb head. The slgnlfieaneo of tbo tortn '^hcad'* a» applied to wrins 
differs from the stance term as it is commonly employ I'd in eennivtion with oiificefl wbire 
the head eorresponda to I he velocity head due to the t.bon-l iraj mean velocity through 
the orifice. For we^^8^ the head coiresponds to the veJnelty bead for the depth H only. 
The theoretiml discharge over a rectangular weir of length L, rmt including the cffeel .4 
of velocity of approach, is shown on p. 4-16 to be 

Q. - HV^ (TO) 



If iJi is tahen slh the crtHs-seetional area of tb*; lUre ftm in the plane of tliR weir, the 
formula for the thE^oretical m£^a^ v^^locity lit sj m or tw’o^thlrda the velocity 

thrnugh an orifioc! under all average b?wd //. 

Vcltufity of Approach. Tb* effeetivc b'sd produidug diischjirge ovc? a weir is the 
ptiteniial or nii*&fured hi-ad // (Fig. 52) ptuB the kini^tio or velocity hood resulting from 
v^?tocU_V of appnmch F. As explained on p. 4-22, thin velocity head would bo V^/2p if 
rhe velEuntkf in a tro^ section of the channel of approach were eqiial. Such veloeltl« 
are, however, naver ectuaJ, and the kinetic head In alwava grt'aler than the velocitv 

hc!ud due to mean veloettyr The total effective head la H -{- o —, a bc^Iiig nn empiriml 

coefficient ihc value of which varies with d^trihution of veliicitiee in the rhaniud of 
hpprnaeh but which is always greater than unity. 8bee the variation In velocititti Li 
most erratic, tb^re m always uncertaleity rL^gaiding the value uf a. ThU is one reason 
for tack of preci.4oii in meafurement# of discharge by weirs, particular] v if velucitii? 
of approach are high. 

Contnctions. The imppe after leivbg a rharpHrrwted weir sufftfrs a contraction 
jflmilor to tb^ contraction of a jet Issuing from a itharTw^tgcd orifice (see p. 4-20). If 
thi' dt?tanct^ P {Fig. 52) of tb? crest of the weir ahovir the bottom of the rhantud [g not 
at least 2.Sf/, the coritnictlon aJung the weir cnfsi, or the ctm# t4;>nJfacfiVui, will be partly 
aupprewd. A drop in water surface, called ^ur/are b^giew about 2f/ up- 




WEIE6 DAMB 




and tu tliD of ih.* wk. TtK: periimif wnim^iion of nappe 

iDc] tided both wrfaec and mdliartloti- 

Re^ctuifular Sbarp-crest^d Bmi (.^oniriniums. If ihi- jdde.^ of a rctrtojtii^Ukr 

wvlr have sharp upstrtttm edgl*^^p the nnppe in cuntracU-d in wiiith, and lint wvir end 
ccHitractioiiK. U the creel leitgth is the mme th^’ widih nf tJic duntd-t, the ddtw of 
the weir coIuciiIl'^ with the rides tit the channel, and the weir has Muppr^/uad end wn- 
trftriim*. For eumpkttie end ccntniiftlorLF, the i-nde nf the wi^ir should he at least 2,5Jf 
from th?e j4dfr» of tl^ channel. End eonlractioDa reduce the dfective length of & weir. 
From CKperrinenti^ petformid in 1352, Francis ^ found 

L - V “ t>ANH ( 71 ) 


in which t is the effective lettgih of weiFp L* the meaiured lengthy aitd N the nuiubiT of 
contnurtioiui. Far eompfe'to end eantraetlorLfl, A' * 2; for coDtrnellonj suppresFed at onf! 
endp X « L Ftriey and E^teanu and other Inter investigators ha%^ found that llkf elTeets 
of end contraetioDS do not van' dlreetly with the head. Francis' oairectioii is oLviouely 
Ln error for very short weirs. Xo better getieml fonuula than (,71) liai, howeveri bcffp 
RURK^esLecL Because of urvcertainly regardinj; the effect of end eonlractionSp wetm with 
end eofitmctioQB suppri^ssed should be u*ed wherever praciieuble. 

Z?miMi^cort of Diachur^e Fmnutn. Cpimder that water having; a velocity of approach 
V dlHchurgL'a over the weir crest -4 (Fig. 53), the tneauured head being The offee- 

live head is ef^un] to the nieaisyred head pluH; a —, a being an empirical cocffEident, of 

which the value dt!pend3 on the distribiilion of velocitle# in the channe] of appmiieh^ a^ 



FlO. 53, Uiactunija over weir. 


explained abuvo. If the velocity head of each filareient uf water in the channel of ap- 
proach is assumed to I'qual fhe average velocity bead of all fflament#^ the veioriiy v at 
any depth g ia 


if 



a^} 


■ Fbat^ih, J. ''Lcpuiiill Mjmiimiilic Ex^KrlBHHitir tUi vdii. D. Via Ioe.+ Nhw 

V«ffkp 1833. 













HYDRAUUeS 

If the velocity of ApproAch is ea amull uji to be nL^ltKihle, T - 0, itrsd 

V ■ V ^T2feS 

The poTAbaliijt A/jV asid QP are graphs of Ert?*. ^72fl) and C'?^} ^how naapecfively 
vidodties at dififenriit depths with and withrjnt velocity of approach. 

Taking the origih at O (FEg- S3), a dlstaiiee // v^ertieaily aFkivc tb? wiir crest A, the 
dwLarge per imit tt'ugih af weLr through tb' eleraenlary strip dy is dQi - pd^, and, 
Rubrthutmg the vidne of f iwm Eq. (72u3^ 


JQi - yaj di, t73> 

liitjfifDiting tha cxpnitMioii bptiriBtn the limitc H unii eero t^vim a* the theoretical dk- 
eh&rgic over a weir 1 ft lonjs 

This formula also ojtpresaes the area of the surface OSNA, Tht fomnOa for ditfchai^ 
pec unit length of weir with velocity of approuch takon as lejo is 
which is alw the area of s^uifna- OK4. Figure 53 is diawn to wale for the v aiutia a * 

1-5, U “ 1^ and F = 3. The liifferenee in the two areas therefore jdjovre the eBect of 
velocity of approach for these awiumed eoud Elions, The relative amount that the suh- 
tractive term ^ affivta the discharge h inriicated by the area OSNIK 

Writing rhf- symbol k for 1^/2^ in Ekj. (74), the tbmreticoJ iHichargG for a weir of 
length L Is 

Qt - HV'^ mti + 

Thk furtDuU esn he rraiupcM'd to 


«,-|v^L/;-.[(. + .i)’‘. (,*)-] 

In tlw riphl-bcind memW of thi* nlKive eqUBtlon, thi- exprtniaun outddc the bimektitj* 
(pvw the ibewi'tiHmJ ductianio witbojt vuleeilj- of npproafb, ami thi- lerai within ik* 
hiwrfcts is thi^ fnefor ewnif tin(r far velocity uf ttpprtudu 

As is tki ™» with orifices, <li-rivi?<l wiir fonnuliis miint Ik> rofrwtod la ineludu ik- 
luodifying influEtiw of fricticfl jind contnicliun of thi> nappe tu hriBg them Bpprcixi- 
amtely into wc^kjice with i-spt-rinwnlal results. CoJnhiniti* the iira.«iiirv ewrertivc 
fiielornnd Jij/aB imnftsinKk- cccEcient C. culled tk' ™> rtwJrOoi, bi«| applviois this 
eoemcicat to Etj. (78)„ the formula for di.ichargi^ bt^mcii 

Espcrinu-htiil iflveslijpuioii* hnvi- shown lUl C u oot 4 ecmstimi. Jt vru-i.is with H 
BJid possibly with other factore. In nider to »vred the necirt«ity of i variiblo cocKrient 
hfHl also to provid.^ a. Bimplcj- solution nf weir prabtems, it is derirebio to mndify ihe form 
of Eti, f77i, 

Idtidified lir'eir ^oruiiifn. The fnllowiag formiilii: 


Q 



. , 




(7«J 
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in Eq. (77) nidi Uw^ Srit term m t:q?An>J(^ by die blaumml theorfitn. Dmjj- 

ping all tprins witiuD the bnu!keti c^ptiiix tht: fi-mt two, Ei^, (78) beeonH^ 

«-CL//H(l+|i) ,7^) 

That Eq. (7®) h vqty nearly eqLuvflJont to (77) ran be seen from the laet thal a]J the 
terms of the e^pandeiJ serieF that are dropped are nf opposite from and Their iqini 
h tbaii the term {ah/H)\ Fratn an eKomioarion of Fsr. S3, the relative uniin- 
piprtanee of thip latter term c?aEi be rteeti -fan^e ali»n prtfttliiai? pamfEmjiii). 

By rlehnition of velocity of approach, V - Q/A = €LH^/A inpproximatelyj, whi-n> 
A is The eross^BeetiooaJ water an^a in the ehanrK-l of approju-h. The value or<? its mh- 
Flituted w an approslffiation, aiiice it as^iiime^ no veloeily of approaeh. It iji, however^ 
twed itk eorrcetkg; a lerm which w itjwlf a n^Eatively small eamTitve factor^ making the 
error introduced h^' ttiLa approxiniatioD of iiep;ligtbte impart Jinee. hViUK thtw valui-^ of 
1% h « and suhstitutijng for h in Eq. (7^) and ftHliidnft 


+^{W] 

{«}) 

or, writing a ^ngle ooeffiedent Ci for 



^8JJ 

EqUatioTi (SI) can also be written 


Q - CLfl** (i + ft 

(82J 


in H'hich <F - A/L for all wdrs, aiid for weira idilh .‘•upprt*^^ end eontnietions it is 
the depth of water in the channel of approach. 

Although two &ppro?^iinAiionj« were lutrodueed in obtaining iho above formuliu, it 
can \w show'll by fubmlluliug thr- aanie nunu'ricaJ vniups nf V and o in Eqs, (77) aiHl 
(SlJl) that, within the range of eonditionfi that occur in praeticts they an^ pnieLic-ally' 
iiienTirai eKpn.^iaiid. EquatLoiu 1.81> and {82) an* cif convenient form. Many of the 
weir formulas are written in This form, and immi of the others mn ix- n^iucenj to 
The nioifi advantage of formubyi in Ehis furto is that they provide u direct solution fur 
Q„ w^Mle formulaa of other forma require a lrial-aiidH?rror method o| cam*cTing for 
velocity of approach. Values of C and or of C and a must be determint.^d from experi¬ 
ments. 

Experiment. Then- are nmuy publikihed jvsuIIh of experiments ^ tm sharp-cretted 
nectangutar weirs performed in the United Vitale#, Frante, and Germany. The earficst 
experimi-nt# were eoiidueted lu France: more than one hundmi j-caw ago. Although 
these t-arly expehmenie were all performed with eompumtivcly small qiiantitic'S of 
water^ for the range of conditions covend^ they agree very cJuM!ly with laEcrcxperimenti!. 
In 1852, Fmritis iovcstlgtit^d weirs 8 and 10 ft long under hcarb of D.fi to Ft) ft. He 


* Tliia loUalrliic- pubkkntkona cnnlalts full it^taLb iA the KVmll&ble eE;>fTtm4^lital d>lB «i iliniT^-rf^Tffdl 
womflular ireif*: tVeir CpoSicienti. md formiaki, L'.S. CM, Snrfry n'' 9 i#F 

AphI IrrvfuJ'i'Hii L*0U, 1007, _ Thii |iapi*r fiViV ft yMy C04)n|jtch: diwqii^tiot) frf iuiwt aE th 4 i Pw 

tilpvLiUflinli iNBff'TKrnkHl ihntjr lA liSlT', iflrludutt Itifr ficwdniEalK fit KfWncw,. rt^lry. ajiU 

ns.iir4. FHftmai Ilydrft^iiE’ mK rd. 1983: ftlMO Tran±. AS€E. vuL 13, 

Ftclit Mbd FIcir of W*ut ovm Wwm. Tmri*. ¥oS. 1^. IS^ B-iuk, -4iin, ihhiOi «f 

rAaiLH^i, iJiTtolwir. IfiSS, traJm, by MjlHchali Snd TifKiiLWiar, il™, Ekj;. nith. FTiLladlelpbu, JtfiuMTv 
ISOOl Sli*^ Anm. *1 rlfliUi/M, MfmaiTMM 7. ISai, FUftHft. Vecmjt'ln? ftbrr tho Ahflit** div Wsftteri 

bM VblLkoIntniinrn rberiHlIom Z^-. Y^r. /fi i^ 1^^^ RXGBQCX. DbcuHiark of XlsUiLnt- 

innnlB,’' by bclMticirr sjkcl f unicr. Trt*!#. Vtil. 1)9, l9^;Hijta. "liaodbi|.i'h dirf fnpjunbi^rwMaiH^ltfn " 

Vt. 3, fw. 2. vtJ. I. Ahlcil-'uiX-Jt tot^. bcr^ii^xs n^d TViku. Pnx-iH^ W^r ^f^uirNiiCn^ 

rrdni. voL ilS,. I Thfi ftutluM' hi# not Umd iblE Id fibui mft'.rv-Eicc lo iny pu.t]iEsb?<i oI 

M invwtitttloo of mlMilXlilftr wtdrt by Ib^- Z^lvly &f Ehfbiiwni ukd A«l4tM(p, 
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likJ fAfinitk'tf for mtng liir)^>r of w&tcr ilmn thf* c&rJi£jr iavt^tl^ton. ^uliaiv- 

\ug Fn&iick, experinventH were petfomoed by Ptetey aiiil SE^Aruii, I8TT-IS7I>; Bn^in, 
IS34i; Fre^L^ lESO', Hehb«>ek, 1903-1^; And l^hodcf niid 1904-19^. Fir^nck 

iLHid Fteky abd SEeama expefimeulcd ud. WMfKi vilh end eontnijciinnfl and on weirv 
with end eontiiieLiDnii suppivaaed. The laler experimjcnbi wit performed exclusively 
an weira wilh i^uppreifsed t-nd eontr&etioiia. A]t4[}t(e^tlii-r these experiments cever a wide 
r^n^ of eoiiditiana ha ref^rds beii^lLt and letigib of wir. Schoder nod Tnrmir Invesik 
gAtefJ liLiuhF M i^reat tea S'.S fl, but wtlb iMs execplbn all headg were lesa ihsm IT ft. 
Tht^se varioua experiments pm^-oL many ancio>in£ ineonFixtendes^ whieh are tc!fl[?cU?d 
by di^repaneiE^ In the several weir formulas derived frcrni them. 

M «r Ponmifftfs. Formulas for disehonEe ^^ver sharp-erested rectan^lor weini htm, in 
Kem^nd, Imsch obtained by delertnininj; frum experimentR I he valui^ts of thj.* rwffidents 
f■* and «|Eq. (77]i| ort' and^'^ [Eq. (81) or {851]* The eKpi.'rimeiits show that (" decreoaeF 
ae fl iiieftosee. The eot^ffietents in weir rormuLiiF correct for the efeeta of fricttoii+ con¬ 
traction of nappe, uneqmd vebcitieH in channel approaeb, partial suppreRsion of cre^ 
eontreetion for low w<ars, and probobEy other fflctors. Below are (pven fbe most im¬ 
portant widr formulas I bat have iieen iieve]opf>d in the Uniled .^tau^ itnd Eurupo. Tbr 
fomujJfls are all written in the form for . 1 upp^v«^*ed end cO'tilfaetionSr TSit effi^ctive 
length for weirs having end contraetious is given by F^. (71). The Europi'an formuias 
are iKftseil entindy upon experimenta for wdre with end eontmetbiiF supprt'S^al and ore 
not intended to apply to weirs with end eoatractions. It la probable, however, that with 
Flight mitflilirarion they ran be made to apply to webs with v.mi ronEmetiani* as well af 
the American fannuhu?. The European formulae, originaily written In metric units, ari‘ 
here given in Enjdi^b units, fUferring to Fig. the following DDmenclaturc is uptai: 

Q ^ diFchargi.N 
// “ m^^ured bt^. 

L ■ efftictivc length of wtir (soc p, 4 -45). 

P = heigjkt ctf wTir. 

,4 = eit^^fFH^^tionol water area in channel of approach. 

V = Q/A “ velocity of appmorh. 
h =■ 1’^/'% = velocity bead doj' to mean vclocdy. 

Vm “ mean \‘eltM«ity in channel of approaeb abuw crest IcvcL 
V& - mean velocrity in channel of approaeb WTow cresn level, 
if m A/L - depth uf wator (// 4- F) for WE-ire wiEh end cantraetiomi suppressed. 
g » nr<Tleration due to gravity " 32,le (approximately). 

K ■ WTir fact or. 

In the following list of formuloa for sliArp-ereatefl rt'Ctongukr weirs, the oamiT given 
nn^ the nairw^‘= af the authore of itie fonnulas. ^kiy*" ia an abbreviation ffw 

Bwiiui Society of Engineers and Arebilect#, 


Franrw: 



Q - 3.33/,[f/f + - ft»<l 

f83} 

Flelcy 

ami St.!ttrnji: 




W} 

Baxin: 



9 -1IW (o WJ + (, ojB 

(85J 

Freoc: 


U,S (».«,5 + (, .. 
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4"4‘) 

Upbboek: 



Q - 


(87J 

King: 



Q - 

a.34i//^'*' f 1 + 

(SS) 

Swisg Society: 



Q ~ 

(SD) 

Schoder: 

r/ IV\‘* Vt? T 


a “ 

3.m.[(ff + ^) +^//] 

(90J 

Earh of the abovo formulas pxoopting Eq. (6011 can be jmi in the form 



ii - xiW 

Ol) 

ihe following being expreidom! for K: 


Francis: 


m 

Ftel^ and Steams; 

„ / h\'' 0,007 

m) 



Bunin: 

k.(3,s«+2:S) (i+o.35^) 

(94) 

Freae: 

(■*»“?) 

m 

Rehbqck: 

+ eoff-0,56+ '>*“r 

(»e) 

King: 

3.34 / H''\ 




(973 

Swiss Society: 


fSS) 


Table & |[iwB valuer of Kr for iliffmint Ik^wIk ami height^ of weir, computed with tbu 
above rormidaf). For lutermijdsate mtucw of H ariel F, K mn \w iTiterp^jIftted well wl thin 
the limit# of uacertointy that eiiat tu n^tiJt^ pven by any weir fonruila- To deteimihe 
Q, therefore, by any of the fortnula!*, it is rweeftwy only to lake from the table the K 
conespondine to the proper htihd and height of weir and to apply ihm IC in Eq. (fli), 
Centpffin'M-a ^ FormuiM. Table B Hbowp eproparatiyo dL-irbLi|;efi by tlie vurtoiui 
Weir formulAfi. To aid in maldng enmpttrit'onj, the fortiiulaK in eJetw^L a^mmu-nr anr 
plaeed ndjaoe^nt tq efioh other, The formuiafl IKiHl in the taJile an^ all based upon experi¬ 
ment* on weiTP not more than 5 Ft high mnd with beack than 1.7 ft. within tbr^M' 

limiUp the Ftoley and Steams, Rebhock, and J^wiw fomtutae give vahieH of A" 

whirht in gem-ml, do not differ from earh uiln'r hy morp ihati 1 pi'tPtml, while 1 be Barin, 
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Tajile 9. Values ^>r K tK ttie FohUlttHi Q - KUr- riu»M Vahi&up PoniiULAS 


XbLtnir Ilf kimiuk 

XI 

tS,2 

0-5 

1 

1.0 

1.5 

2,0 

3.0 

1 

4,0 

1 

1 

5.0 

1 

FmEieifl... 

0.5 

3.40 

3-,w 

3.72 

3-84 

air2 1 

-1.D3 

4.iD 

4.13 

Ft^lirv Mid .. , 


3.50 

3-74 

4.32 

5.25 





Ri'hbocfc. 


3..J0 

3,7<3 

4.11 

4.53 

4.1^5 

5-81 

0.60 

7,51 

Swiss Socieiy - 


3.4S 

3.72 

4.0ft 

4.23 

4.35 

1-50 

4-59 

4.65 

Fttriit. ... 


3.6a 

3.fi2 

4.14 

4-34 

4,47 

1.03 

4.73 

4.7^# 

King 


3,07 

3-89 

4,17 

4.34 

4.44 

1.56 

J.62 

AXAi 

BR?in. 


3.SI 

3.S7 

4.14 

4 33 

4.44 

1.00 

4 09 

4,75 

Francis... 

10 

3.S5 

3.43 


3.04 

a,72 

8,84 

a.llf2 

308 

Finley and - . - 


3.-ra 

3-47 

3,72 

4.00 

4.32 

5.31 



Rchbock. 


3,41 

3-48 

3.6S 

3.89 

4 iO 

1-52 

4>J5 

5.33 

Scuatity, . . 


3,30 

3.40 

3.71 

3-89 

4.03 

1.22 

4.34 

4,43 

Frtfsr?,, . , ... ..... 


3.53 

3.57 

3-78 

3-97 

4.Li 

1.32 

4.46 

4,55 

Kiujs. 


3.56 

3-02 

3.81 

3.00 

4.01# 

1-25 

4.35 

4.42 

Bozin. . 


370 

3-61 

3.78 

3.05 

4,0*.# 

4.20 

4,42 

4.51 

Frandii.- 

2.0 

3.34 

3.30 

3.43 

3.49 

3.55 

3.01 

a.72 

3.79 

Ffekv nnil Slunrtis. . . 


3.40 

3.3g 

3,47 

3.50 

3.72 

4-00 

4.31 

4 09 

Ri^hbock.»= . 


3.37 

338 

3,47 

3.57 

3.67 

3,88 

4.09 

431 

8wijs& Society_ 


3.35 

3.3S 

3.48 

3.00 

3.70 

8.88 

4,02 

4.13 

Frese. . . 


3,49 

344 

3,53 

3.05 

3 JO 

3.05 

4.10 

4.22 

Km^ . 


3.52 

340 

3,55 

3.04 

373 

3.88 

4.00 

4CK# 

L^mn. 


sm 

3 48 

3.53 

3.03 

3 74 

8,92 

4.07 

4.18 

Fralieis . 

30 

1 3-33 

3.35 

3.38 

3.43 

3.47 

3.55 

a.0! 

3,07 

FleW mild Jitesms. . . 

... 

3.3H 

3.36 

3.40 

3,47 

3.,t4 

3.72 

a.iiXi 

4.08 

Rehbbck. . .. 


3.35 

3.34 

3.30 

3.4« 

3.53 

3.07 

S.S1 

305 

Society.... 


3.34 

3.34 

3.40 

3.48 

35fl 

3.70 

a.s3 


Ftowk .+ .....,. 


3.4S 

3.40 

3.44 

3.52 

3,150 

3.75 

3.SI:> 

4.00 

Kinp. 


3.51 

3.45 

3.40 

3.50 

3,50 

8.08 

a,79 

3.88 

Bszm. 


3.65 

3,44: 

3.44 

3.50 

3.aS 

3.72 

3.S5 

3.97 

Francip. . . 

5^0 

3.33 

3.34 

3.35 

3.38 

3.10 

3.45 

3,50 

3.55 

Ftcky ami SimarriF 


3.39 

3.31 

3.34 

3.38 

3-42 

3.51 

3.6J 

3.72 

Rdibock.... 


3.34 

3.31 

3.34 

3.37 

3.41 

3.50 

3,5S 

3.00 

Swiss Sociely. . 

. 

3.34 

3.32 

3.34 

3.38 

3.43 

3.52 

3.62 

3,70 

Frew,*... 

.... 

3.4$ 

3.3S 

3.38 

3.41 

3.46 

3.56 

3.60 

3.75 



3 51 

3.43 

3.39 

3.40 

3.42 

3.40 

3.50 

3.63 

Bozin. 


3.65 

3.42 

3.38 

3.40 

3.44 

3.63 

3.62 

3.71 

Ftmncis. ... 

10.0 

3.33 

3.33 

3,34 

3.84 

3.3o 

8.38 

3.4C 

3.43 

Ftdcy ond Slennw. 

.. , 

3.30 

3.33 

3.33 

3.33 , 

335 

ft.38 

3.42 

3.46 

Reh^Jc. - 


3.33 

3,241 

3.2fi 

3,31 

3.33 

3.37 

3-41 

3.45 

Svi» Society . . . 


3.34 

3.31 

3.31 

3.33 

3.34 

3.38 

3.43 

3.47 

Frese. ... 


3.47 

3.S7 

3.34 

3.34 

3.33 

3.40 

3,45 

3.50 

Kin? 


3.51 

3.41 

3.36 

3.33 

3.32 

3.83 

3.35 

3.33 

Bum. 


S.IH 

3.41 

3.34 

3.33 


3.37 

340 

3.46 

Fnm^ie. . 

«! 

3.33 

3.33 

1 3.33 

3.33 

3.33 

383 

3.33 

8.33 

Fteley ami Steomi*, . 


3.39 

3.33 

3.32 

3.31 

3.31 

3.31 

3.31 

3.31 

Rehbock . 


3.32 

1 3.27 

1 3.25 

3.25 

3.24 

3.34 

3.24 

3.24 

Swi« Soddly.. 


3.34 

3.31 

1 3.30 

3.30 

3.29 

3.20 

3Jl# 

3.29 

Frew. .. 


3,47 

3.30 

3.33 

3.31 

3.31 

3.30 

3^ 

330 

Kinp... 


3,51 

3.41 

3.34 

330 

3.27 

3.2ft 

3.20 

3 18 

Bozin 


3.64 

3.41 

3.33 

3.30 

3,29 

3 27 

3.27 

3.28 
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Kin^H pJitl Fnae lomiukf ^vn valiUD* 1 to 5 peirvnt KrcBtf-r thun the P^hj-r romiulBf'. 
Tbr?fi dlHWp&Tick'^ uv Dxp^ainrd hy the faet in deriving the h^x TbnM? formuhi^p 
much WEfight wm eitl^h^ to xh\i DdEin experimenu which^ for the ■='ame diiDeri«ioa«, 
givf gn.'Atcr thAn thr ex;fK^nmL;nti of Fteloy and StcAma^ Rehbocki uid ihi^ 

Shoddy oJ Kn^notTis and MehiliMita. Thp oxperum.'ntv'^ by Francis were aJil eon- 
iJiieted under cotiiditiPna in^i^R low vplodtie^i of appno&ch. This explains why his 
f-armula^ which was necefiAanty i^ntiRdy op>n his own experimerLtAp jpvi^ smaller 
diRchariges for low WTim and for tiijiEh ht'ail^ than aJiv of the other formulas. 

[)tfcre]:>anrie& that have app'an^ii in cim'fitlly eonducLtsl expcnmtmts on shajp- 
CMtei.1 weira by different inveidijttttnry ha^Ts not betm salLsfiicioriJy esplaiiied. h is 
known, ho'W'ever, that the difteharge is affwted by < I j the slmrpnejts id the crvxl, (2? thn 
sttHKTthne-? of the u|]StrraDi faw lhi‘ weir^ the diMribuliun nf vidodlie^ in the 
clLlnnl:^l of apjiruach, and i4) the ventilatEon Iwneftih itn^ napp^^- The i!xpuiritrLL'iit!!i of 
Schmli^r and TuriML^r indicate that if the weir haH a sharp and poloibEsi upslirrani 
face ftnd if them Is no abnormal distribution of vetodfies in the chaniyd of appniarh 
and the nappe is W'cll venlilntcd, the discharge is more accuratdy spvsn by I he formulas 
itf Ftflwy and Si earns, H^shboek, and the J^wiss -S^idety than by tbosit* of Fir^p King, 
and Baxln. A departum from any one of these' eouEiitEons, however, will cause an in^ 
crva'^.^l di^charige- Schuji^r found tfiat veloeitiL'S In ihe chanuid of approach above 
and below cre^t levc L a:^cet the dbichar]Ec diS’emitly and di^igned hia formula to correct 
for this conElEtlon. Hehbock claiim tIuU .diaht Irregularity in vtiU^citii'S has but liltle 
effect on discharge but that. larKn vrariationn in tiiagnituick' of velocity and direction of 
flow may have an appreciable effect. 

The eKperiments of Schoder and othens «bow tnany uf the conditions that modify 
ihe fi(iw owr weinSi but sHtandard oonditionii unrier which the sharp-crv^ite<i weir can be 
useii for the aceurate mi^ureineni of flowing W'aE.uf haw iicsl been well thitemiiEved, 
The standard wvir has a sharp crest and snirMiEh upcin:tkiii face, but there art^ different 
dE'j^ms? of FharpnE'^Hs and smuothneits: iinJ vvirn assuming that a wpir Is' .“lel up to 
cLiiifonn to prepciibod standards, lE h difficuLt to uuuntain it in thin condition. It 
appi'anc thal in the present state uf the alt, I he shlup-cre*to^l weir cannot Iw cflJlefJ a 
pnjcw in^arumeuE for mpjwuriug water, fii a laboratory when? great n-fioement in 
!*ct.up and mt'thofifi of mrasureiOL-nt is possible^ a higher degree of precirion can be ex- 
jvi'Led thmi under ronditioiis orJiimrUy encounteny] in the ficfdr Sinct* then,' are few 
if any n.'ally pmcl"^- im'thLRis of measuring ffowiug; water, in apiEe €if \i.^ appanmt difad- 
vantages, the sluuT^-cn'stcil weir rt^nudns oue of the be^rt methmls availah]i?. If ciirt! is 
taken in ereeting and u-'niig a weir+ it should give an accuracy in measurntm-ntj af pf^s^bly 
2^ p-rcent; but in the author'p upltibiu clftam.-i of an accuracy of L pt^rcent or leai for a 
partimlar formula aki not Juslifed. 

[/« o/ WHt*. In order to obtain nmximEjm accuracy in ihti iLse of sharp-ciestiNj 
rectangular weii^, they should fje ilistallcd with vcrtinil faci^ and level cresE. Pn^fetahlv, 
end contracUonn should cuppresw'^i. The upcl ream face «if tb* weir should be p^mEMuh, 
tlw.* civst sharp, ani.! the nappe well venrilati'd. Upstreattl from the Winr theiv shoEild 
ha? H.H long a rt'ach of straight lim^wilh channel os pnirtieable+ so as to avoid e.xci'SMively 
trn^gular vclnvitiits iei the ehanneJ of approach. In orult-r I lint tht^ wuir may lo) uwkI 
willun the appruxiniate Uniit.s i^xpH'nnumlal data^ the lengih of I he w^elr should fj^' 
at least tbnv limjes the heiwl, aiifl po'fenibly the head should not be gn-uter than 2.0 or 
\v¥^ than 0.2 fr. The head r^huEdd bo nieamired at least 2.5/f upsIreAin from the weir in 
DftJer to Im‘ iieyond the effects of surfacu eoEitmetion. Francis and Fleley uid .Slcarns 
niE^jL-ured h[*ails fS, and Borin lfi.4 ft upetn-am from the weir. Othsr experiEuentom twed 
intermediate nlb+nnce^s. Tlic difference in head mi^asuremeutii at t.ht'ae two points is 
^■ery email under oil oniiitaiy conditEane and iTuppreciable for low velocities of appmach. 
The point of meoimremenl rhuuld, howevfecufann as clnwely bji practicable to experi- 
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mental conditions and therefore will Tfitr>' with tbi? farmyla \m*d fop delemimifii^ dk- 
ehar^*#. Heads are usually mwt^ured in a irtiUtug ws4S by mrAiu of a hook Thv 

pipe eonneetiiii; the well and channel of Approach ?hauM not prnjt'ct U*yoncl ibt^ ctumael 
Btirfnce. The reading for Kcro head should bo dctemiini'd with (treat care aiid 
ebceked freciufintly. The head used to compute diecharge fhoulrl he the mean of at k^l 
10 and prrsrerably 2D He|iarate TuejisiiJt^n:bents maile at equal inler\^als of altout 30 nec. 

The selertinn of a weir formula should be made after careful consideration of all 
conditiouM. From tho evidence of experlmenti, it appears that for a wry smooth fare 
of wetr and sharp crest, with adequate pravioton for ventiLatinj^ the nappe and with 
n-osonably uniform VLiodties in the ehaiiuel of approach, the Ffeley and ^steams, Reb* 
bock, !riociet\\ or (provided il Ia feoaibk- to mE^asure velocities in the ebumniil of ap¬ 
proach) the i:^hoder formula will apply more accurately. If all these conJiLions do not 
ofilaln, thi- Fieso, FLingr t>r Bozin formula will probabh* be focpre auitoiite- ^cbotler Is 
of the opinion that a combination of a nlight tTHioding of tbe m=st and rusting of the 
upHtrenm face of a weir could produce juat such a perceptogie over the rpsulta of 

his cKperimL'LitiS aa Bozin's mt'asLiremctkta show. Tbr evidence docs uoL boweverT in- 
ideate that Boz.[n'a weir locked either a ahorp cvecft or o smooth facCr 

Sharp-created Weirs with Sloping Sides. irririi. A triAnguiar or V^noteb 

Weir is shown in Fig. S4r The head, meoaured afKU'u the bottcun of the notch, is and 
the dtsfeance between the cdgi.^s of the weir at the water-surface level is L The irict€*i 
moke equal anglt^ with the vertical. The arvo of an ele'meritar>' strip, in thickness 
and of length l\ is I* djf. Xt>glectitig vetpcity of approach, the theon-tical velocity 
through this strip unsicr any head ^ is and the theoretical diaebai'^' is dQt ^ 

From similar triangli!#, I' = fi7/ — sij/ff- SubBtitutlng this vxdite of I' 
AEid integrating between the limits H and zero and rtniucingj Qi = The 

slope, honzoQtol Eo vertical ijn =■ or I * 2^//. ^^ub 3 ■titutitlK for J, 

■ApplyiDg a weir cwffirient which includes the constant terms, the formula for diachikTge 
pwr V-noteh weira beconief^ 

ClOO) 


in which thii nx'fficient C must be kleterniincd experi[nentaliy% iMt»t of available 
experiments haw been pcrformiMi on nght-aLigk«d notchca. For this angie^ z » 1. 

ExpcrimeuLs show' that C deon^ases with in- 
crij'fising heads. 

A moEt' geto-ml equotion for e^pn-raing dtv 
charge over right-angk'd V-tiotc.h wei™ h- 



Q = cn^ 


(IDIJ 


When, from a aeritis of eyperimcEits on a given 
weir, Joganthms of Q and H Etspectividy ore 
plot Tin! against each other, the plotted points 
have been found to he on a struct line. This prcividcis a situple graphi^l method of 
obtaining C ojul n, Frthm experiments at the University of Michigan ^ with heodi of 
0.2 to 1.8 ft, thi* following fortnijInL wus obtained; 


Q »2.52ff3 am 

From e-xpi^rfments by Barr: * 

Q - (103) 

I t^nrf#. JtfkL rir*., ISlA, p. ISO. 

t Jimpvtmanta On li* I^nw Witar pw Tckaffubr XpUihfc, Kmrin*trint, AjJt. A, IA. laiO, 
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Thv nt tbi^ Utdvfiffity <4 Mtcbfpin wprf perFcMtHjtMi an m right 

ajigli-it aoteh cut in a lai^ fihi?ct. of cammeirinl pkte, Thi^ fow of tb" wiiir wnm nnt 
iht^nion' u po]u»hc-^J Rjrfacso. Barr hjmhI n polij^hetl brai^ Hv fcnthil that by Apply¬ 
ing tmurt" duaX ovnr fR-i^b vafnijih to tin* fici> nf hi? woir lie eualil tU* UbHrJiattue 

ttbum 2 pnr^Qtit. From tbe ronditionri utnJi-r which the two wt? of eisperiiwjnt* wetu 
tAken, il wihjIiI uppL'&r that Eq. (102} will apply more neciinttely if the upetrewn fA«j 
nf the weir ht uopoLitthedp ami (1-03 ?+ if it ti^ pnltHbwi. OniinaHty V-noieh weim pjv 
nol rumtermilv affeeUNd by VT'iocity nf appntaeh, lieCAiise of the ^niAil relative arfft of thi* 
weir npening in compari^n with the cn>fi.i-rHA;tio[iJil art^a of the channel of appnisflch- 
Tht^ righr-angM V-noieh wvir is to be pTefem*d to the reftanpilar weir for nif.^uring 
flows of 1 cu ft per or less; and for di?c|iar^* of I to 10 eu ft ptir sec, it is at leant 
as nceumte as any other type uf wvir. “Doe advantaj^ ckT tie V-noleh weir i? that^ ht'ing 
Jiarrower^ small di?LeliaJ|P»a ueeur under (M>mparwtively high beads, atkl the tendency of 
thii nappe to adhtJit^ to the eftiat, which occyrs whtio n.'etaiigulai' weirs discharge undpr 
low^ hcArijs, k eliminated. Another advantage ia that the V-tiotch weir is mote sensUive 
to chanEtfn in flow” than the rei^tangtiJjir weir and that thi?fvfatii a smaller error in <li?- 
chaip^ resiiltj from a givTn error jn lueasuring head- For example, in mt^asuring 1 cu ft 
per see of water, with a rectangular weir 3 ft long an error of 2.7 ptirci'nt in discharge 
rtvuKa from m eirur of 0.006 ft in niifasuring head; while for a right-onglL-d V-notch 
wf ir+ for the mma error in mtaRiiipg head, the corresp^Knding errur in ifisehiirgi^ is 1.6 per- 
cent 

rrofwtoidfli IVeiri. The tropeKoidal weir shown in Fig 55 has a horisontaiJ crest 
length L and mde alopea^ horiitontal to vertical, of c/f/ =- r. As for V-notch weira, =* 
Ejcpre^s^iig F Ln terras of p and Integrating and reducing, 

Qt - + %s\^ 

This formijla k also obtoirual by adding the theonttical dlsehargc-s for rectangular and 
V-notch weiTii. Wlih coelhcients included. tJui fonuLila for dimrhajgt^ k 

Q - CiLf/^ + rszf/>* 1106} 

There ate HU experiments giving f?i and f j. 

Thf fVpoffrfh' IFcrr. A trapexoidjiJ weir (Fig- 651 having a Vhhiv of a - t//i uf H w 
calltHi a Cipolktli weir. Thk value of f is approxiimtely that lequimi to secure a tiiii- 
charge thrertigh the triangular portion of the 
ojMining that (^titds the decreafie in disebargr- 
tvBulring fratn end contmetioas. Thi^ adv-an- 
tagp claimed for this wdr U that it does not 
roquirv com.'ction for end contraction?. Thi- 
thenrctiral dkcbtLrigc through th^EriaTigular 
portion of the weir is Qj * a and 

thi? thiKindiad decrease in dbeharge iraiilt- 
ing from cot! cont.faetkm?, from Bq. i7l)i k 

* fi X Q.2v^^ f/H .Aafuining the pamo eta-Ricirnt of dlachargL' for these equations 
and equating their right-hand tm lubem, ihi?re re.-ulr? r - *4- The fummla Jtir discharge 
given by Cipolh-tti for a weir of length L ilkcharginB under a liLad // is 

Q-3,3e7/j/'* 

Cipolktti weirs should have a crest length of 4// or mote. Experimi-nts by Fliim and 
Dyer ami othem ipve a decreasing coefficient for an iiicrL^asiiig hvhd, Indicating that i 
shaukt he greater than The Cipolletti weir has inmu used extensively to Enyaeniri^ 
irrigation water. Tt should nnt ht' uih'd whri^n any degfw predsiou ia required. No 
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melhixl of comeetinff for velocity of appronrh ha§ bcon. Fiiggcflted. It it probable tbat 
ui 3 ^ DDC of the formuliLB [(S4} to p. 4-^1 for weirs with tuppmised end eontmirtiont 
wili apply i&t accumtely to Cipolletti m-im nt Ei\. i lOh) ojkI mori^ ttccurafely if the 
locity of approach it 

Submerged Sharp-created Wdj^. A prahlc ihrooith a. i^ubjiiotged tlidJi>c-rttt4?d wdr 
ifl illuttfatod la Fig. 5G. The ditcharge Q over ttieh u wi4r is rclatoil not only to ihe htud 
OB. the upeilream eSde of the wt^Lr (Hi} but alto to the tki^d on the downatr^tiL Hide (/f^} 
&nd» to li Leswr ^seteut, to the height of the wok crc#1 above tlbe floor of the chatioal 




Flo. 5fl. |'l<rt« over HibiiictgiMl waka. 


Efcrly t xperinwni* by Fftmcin (I&IS, 1383). Fttlcy ninl Sleiiru* (1882), Umiu (JSW), 
Conf (JStO), ttml Coat (1028} haw been Fiimmaructl by Veiitum] and WertMi.* They 
«howf!d thikl liie v>riDu-‘( teat data coulij bp pmipntpii in ao ordedy manner by aclectlnit 
an variabliw O/Oi nhEl tij/Hh whppp (?| in the digtihapip; nt the Ui, fomitiinsd from 
ibo (!C|UJiliofl few free ilucharfn* (unHjtinu-rgpd), which Is expreawd in ptneral lemiji ilh 
fdloWHl 

*"■ 0" !ifa«l«niled Wain, ^\n^ 
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Qj - cih^ 


(J07> 


By plotting Q/Qi fcKund tlidt ihp data tended to rfi]| on a 

^injclo rtirsTn except for ^maH vaittrai of P/tii- 

In ^^I7^ Villetooali* ^ prwnUd tb,* rwuItH of a w^niua o/ te^sta on aubmi-nfoil i^harfi- 
ra'^tfd weire. He conducteiJ teaM on ry-N'tjmgulHJ^ t.riBJi|[iilar+ paniboLle, ajid 

porportional wtiir?. He showed thjit the Teaulta for nJI types eould be represc^nted by l b' 
iringit! equation 



[■-©T 


(]f3Si 


wlkrnt n i» the exponent in the free^lii^hiinie equatEori [Hq. (lO?)] ami tbe other 
an' aa previously defined. ThL^ equation was found to satii^y nil test re^'ults wllh a 
omxiiiiiutD deviation of 5 percent for ?OEne of the iiidJ’vidua] test Ft^ulta. 

]o IH49, Mavie ^ pteaenled resultj of testa on rectangular^ tria&iniliir^ pandKilie, cir¬ 
cular^ Frutm, and eU^qyrd woina. He found that asingjo equation could be usuf to eapry^ 
the nwits for all the teffta. Hia equatfon with i>ubiicHpts changed to eonlottn vdlh 
in this hook iff 

□ r OM 1 


where S k defined as follows: 


ajVFt 

itiV^i 


(110) 


In KqL (1 lO), dj iff the wi^ unm eormspondlng to //$ and ib the weir area eom^sponding 
if> Ml- Mftvlfl liJwj presented aome inten^^dmg (fata w^hich refcuir^ from teslc tiuulo in 
1717 by Poleni- U was found that Poleni's results agreed within 2 tts 4 percent witii the 
Mavis data. 

Thi^ author has plot tod the curvi?* shown In Fig. 56 based on the resultif of the work nf 
Viitemonte and Mavia IrifarEuatiDii it'garding the ex^periinental arrangenu-nts for the 
90* V-notch weira and n^etanj^ular wvire is given in the following table. Tt may he notcKf 



Mavis 


ViHemonto 

Channel width., 

P for 90® V-Ti«tch w'cirw.. 
F for mctuxkguln r w^eirw * *. 

4 ft 0 Iei. 

I ft B iti. 

1 n 10 bi. 

2.D fl 

3.02 ft 
2.0 fl 

1.0 n 

1.25 ft 

Widths of pEJtehcs of ree- 
langular weiis, ^ ^. 

1 ft 3 in, 

3.02 n 

O-.l fl 

1.00 ft 


that th<‘ channel widths ifilTen-d for the two of tests, tliat. F was diffeioiit for ah caM-», 
and I hut. rectangiilar wvint of four di ffemot widths wvre test id. Gurves I anil 2 are 
eonipwitc rumMs li>aMxi on the rt^sylis of ik> two Inii-stigalors for the 90^ V-noteh wdra 
and the reelanpjlnr ivcirs^ n-iipeetiy^lT. Curves t and 2 ililfer by mom than I perw'nt 
from the test n'wijlts. 

Becauw Ktts. |tOS) and (1091 both indicate that Q/Qi is a function of the 

author baa prepared eurvi^ 2 which is an average of reffuils obtained from Eqs. (IDS) and 

t Vvi^Lauiisn-B, 4 auu R., @tibiii«eati4-wdT fJMhMntH fitudlisi, Bsi D«. So, IW7, a. KHL 

■Mavis. Y. Th Ho*' tp CntnnlaUr FIjW C^vwr l5nhcnuifi»d Tttiq-Iilpl' wtufa. Wnf, Afspt-fffrtJrtf. Jvly 7, 
iiMa p, ^ 
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(lOOl* fibtaiiiL^I fmm t‘ithi.T t*qiiat jun by \v^ llmii 1 pefef?nt from ctirvi? S. 

C^n-e Z mny be ujkhI io eonipute xhe dtMharm’ of a nubnwqp.^l sharp-m^iod wuir of auy 
s'hain'- Tbis ciirwt? i» ilm m Agrtvment vdih Ibj? result.'i nf tbw invr?Ei^tU>Euf 

sumniarift'd by Vctuianl and as- well ju with +littA by It 

AbouM bo ootod, bnwirver, that for Miiiir of the wdre the re;Futt> ixiuki be ropre* 

moro rlnfioly by nn eqiintbii difTonug slightly from Eq§. {108]> niuJ {109} and by a 
eurve difTeriniE atj^hLly from 2. and 3 Then^foro, if gn^t acenraey la cj^ntud, 

it Is rerommendo^l that tbo |taitici|lar widr of a i^itniLar one Iw icstqd in a lahomtuEy^ 
undiT f^indiEionfjb to fiiild <!^>ERbtioiijL. la imdng the ciirtt'a ahown in Fl|^. 

It bi recnnunii! ndt^ that //1 lie at li'asE 2 .£//1 iipfita'ani from tlii^ wnir pjifI t liat 

Hi, be meftaurvid beyand thi'' tnrtiak^nce eauMKl by the luppi*. 

E^rtijilr 14; I>elurtiiLnp Ihe flpMehurge qf a V-TK>lrli wHt if H\ Ui f>.9 ft^ Hi in 
0.3 ft, and <^| = 

fl. Uao curve 1 of Fig. 

<?i = 2.5 X ® “ 1AK2 iw^rt 
Ih/ffi “ 0.3/O.O - 0.333 
Q/Qi m o.fl72 (from rurve 1) 

Q = O.SiT2 K K02 - l.SGflef^,ft 

h. Uoe curva 3 of tig. 56. 

= (0.333)= * - 0,0*H 
Q/Qt ^ O.Vt7£ (from tnifs-e 3) 

m 0 972 K l.fi2 - l.a^Jsee-ft 

^'jompAp 13: Detenidne the dinehiirjce af a pamboJk weir if Ift 0 3 ft Hi ia 0 4 ft 
and 0i - 20^,3* 

Qi, - 2.0 X {0.3)* '* - 1,23 9«>ft 
(Hj/IUr - (0,4 = 0.25 

Q/Qi « 0,39 (from ciirve 3) 

g ^ 0.30 X t.2S « l.N isec-ft 

Wfliffl Rot ShATp-cfested. Weira withoiit j>hiu-p m-stfl have a relation to iiliarp-crRfiti^il 
weirs HJialqgoils to tht- mlatidii of tube? to sh&rp-edgtNl orifit?etii. The ca^l of a flam or a 
epiliway fium a raiial or nwEvoir ia a weir *tt thin tj-pe, Weir erenM are btnlt of varfoiie 
diioeiisiuoa and nhapes, tliL'ru iMaiig no s^tatkclardn of pnirtice in thin n.‘gard. The relatioii 
of direhuygi^ to IkanS being different for ililToreiit shaped, to dLtennine tliin relation for 
any partirtilar form of wi'lr rn-st rfc^iiirefl an indi-pendent cspH^iimental invi^rtii^tiEm. 
The itumlaT of lectinim tt-jat havr* tuvn invi^tkgiated ejfperiinentally is oji^iwaHly limitij^^ 
Then' ttje avnJliible, how.x^vt‘r, ther ivf^uHs of sovi'ral aerii^fl of ekpe^rimentn op different 
seerituts fwe Fig. 53), whieh fkirkii^h much val liable informutien relatkvi? to di^hargen 
over weirs of the same or similar shapes. 

roaufthePM of The effiTi of the HliBjjpe of crest on th^ rknppe fckrm is iHuf^ 

tratwl in Hg. 57. Thr- nT+angular section as i-hown in n ban a sharp ii|isEmnm comer, 
and l^ rauH' of tiw' narrow rn^i width 6 , the nappe springs clear ant! £iL*k-buTP- kiecun^ as 
for a ahaip-rrtiPled wrir. Keetinn 4 b* the samt- uj? p eKcept tlmt the widlh h gn-nter. 
In thLii ra«?, fmi fall nf the iwppL- is interfered with, the conditioTiP of liisehnrgc cor- 
nvpottrjtng to E bort' for a .«tjitirbmJ short trjb- (ft*c p. 4 -STj. [ n Rem^THl, if b is ahoui 
or less, tht' nnppo wi II ehtar j ot b-rwim it will touch the top of thi- eresl. D^eharge 

i? tiimwNf by rounding the idjo> of ihi^ eresi, m illustrated in b Thn napiMT 

onnEinues to contFmet for a short didant^e af^er leaving the triangutar sect ion shown Ln e. 
Ttm ojp?c serticn r h SO dci^lgnixl Ehaubc nappe adherek to the Eiownstn^i face 

i&riTUfs. J. C.. Il*p*ruii^,w Mi StnM.V\ Wflf, MJHI 3it.^JuJn:. y#irt, Aua. U. l&IO. 
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It Appears froiu t'XpehmpDt# ihat^ lor iiny pf tbf* ncctionn tJietp in t\A\ 

MLtiipk^ r^latiDii bvrw^LMrn htmd ftnd dUokajp!^. Th? «?nncJitiaii U fyrtlw^r PomplicaK^I hy 
thi- thuit fur A ipvifii ctuit ihv iuip[N^ niay ASfiume a TAricty pC rnrm!i and that fiirmpii 
rorin thiin' id A diifcn^tit rrUUou pI iu^aJ ta diHi^harfo. Tht‘ nappt may (IJ 



FlO- iTjT. Crtwa of Wtir treats. 


frt'tJvp tmii^hin-p; only thi* npHirt^skin pitst ed(p^r (2) ludbf'ro to top of (3) ildh^^n:^ in 

d^itrnfitr^am face; {4> Bilhe^n* id hoth mp of civpt and domiKtrt'am fAft?; (5i n:<ttLaiD lie- 
ftial adhere to top, bo dotachA'd fmiti faci*, 

and become v-efttKl uncierncath; ET) !*■ di'pivisal with air iniprinotiLii! undcriu-<Atti al Ici^ 
ihafi atmospheric pru^^^nJR^ Tbo nappe may nadi^r^D sewral of thew modifiratioFtf in 
sueniKnun a* the lunad b Varied. There are iTrtsin lypta of mdr, mch an are shown m 
Fi^. 57tf, for whkh, rram I hr nature nf their a^Ttion, ihu iiappe can assume only one form. 

DijM^hnrge FormuUi. The fyllowinj;; iinmencktnn- i* UM>d: 

Q diacharpr’. 

H w nu^asurc^d hend (fiee Fi|g. 57). 

L m. length of wrk* 

A «■ crofta-fleclioiiul aJtu of chiuinel of apprwich+ 

V — velocity nf Hppmacli. 

C » wt4r cwfficienti 

The basic f^arnmla 

Q^rui^ (ni> 

Is adorned for all w'eirs+ experimental value.* uf C lPom'!^Fpo^clins diffei^tit valu^ of 
H ia-liiii for each form of creat. Tlte more imporlanit cjwt fomus for which er- 

perimontal dnta ate a^aJJable are shown in Fig. SS, Thk figun,' ar^l tb* accojispanying 
table of cDcftidenla are from reinilta published by flnntpn/ Ik^fori' eojuputing his %^aliic« 
of C from e^eperimenta^ Horton corrected for velocity of approach hy adding to 

the meBatptHJ b’ad. This mi-thisl of comMriing for veloeily of approach should, 
theit^fure, be used wnth bis valm* of C. With wlwity^tf-approoeh eortvetion^ Eq, (111) 

^ G€ot. Slif^ Wntfr ^Mpxdv and Fijvr llHtr+ In tfan pM|H!r af? cQntui^^ Uw ^MiiIek 

euT qn fTittaiPt inwnttHttiivfi ^ dfl Wl# AFjvnMmU flWiidW#. 
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&f f/ot¥, Lsff fo 
Fir, 5S. WciM-resl 

Wejr CoEnroEKT C for PinnaRK.sT HEADa // OF Chest Moqei^ ts Fjo, 5P 
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3.32 
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3.2a 
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3.20 
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13.22 
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3.3@ 
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3.53 

3.87 
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3.88 
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3.30 
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t^eCPCREV 


<?-C/-(//+^)‘‘ (1,2) 

Or, following the methtoi al tf^iuetlon i^wn c»n p. 1^7, 

* - CLH'> [ I + omr- (^)*] (lias 

Brmd-erttltfi IfrfM* The weir jwEtion illu<it rated in Fi*. fljJ hw a broad and apptwi- 
matdy l<«vel crest, a shatp uiwlrram comer, nnd venical face*. The sharp earner pn>* 
dtieca a contraction of the rwppe. [l appears that, if the erpat width b is sulGcienr )o 
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pr«vt?Dt the nAppe from Fprmgioi clii^ar^ the coeffirient for n-elrp of ihw type him a viaty 
lu-Arty fKitiMAat v&Iul^ of 2.63 tn 2.&1 for hi'tkdjt of I ft or niorv and for all erest wallh^r 
WoociburQ 1 found fsw Tahlo JD) thiit thj» coiiFlAJit vuliie w not. niaehed below heodn of 
lA ft 

RniindiiiiE; tlie upitnuiii rdriiin- of a broad-ereated Vi'eir reduce? eantraction aiiJ 
the weir ^^flirient. WcHxlbmtL found tIiLat for hi^d? of 1.6 aud lesa there 
wfti no n|!|}ree^tEible beneEt from raaiidiJiK the comer uu a radium i^rvater tf-utn 2 in. 
(see Table ID}. CurvBture on mdii of 2 ^ 3 , fi, and S in. n^peetively isave praedeally 



fffi. Broad tr^etM welt. 


the }^mp coefflcleni. Aleo^ eldptioil ^ntraiK^®! (pLve iiraetiL^aJly the coef&eiexite 

ua HrenW enlranirets. If the upstrejim eonwr ip roUntled juiffieiejitly l* pre^'ent ean- 
traetion and the eral i? ^w-u iiiffi(4ent dope In off^st^l lues of hEaid due to frietjort. 
How: CK*<;iirB at critleal depth (#* p. I-S5), and llw ratinruil fomiEjla for diselmii^ m 

Q - ZmjUI^ « 5.6TLZ>*» (1 14^ 

vrhr.n* D (FSjjf. 54l) b the depth of water on tb' wefr riesl be!lua^ the dottadftip curve. 

orMibum found frtun oKperimcnt^ in a ynunolh woodi'o ftutor- 2 ft widi^ ii'itli modiib £eui4c 
cif planed lumber that tb* gTt*t^t he ccnilJ nbluiri with a crest slopo of 0-02B 

Were 1 to 3 percent lef§ Ihun are pven by Eu. (1141. Tablu 10 giving value* of the co- 


TabI-k ID- CoKFrfCiiiNT (' roH BROAn-canoTJ&p Whiks fou I>irnitti:NT Hn.^na // 


Upfltrecun corner 


O.S 

0.0 

1 

07 

03 

O.S^ 

1.0 

L3 

l.l 

1.3 

Hliarp. 

I^vel 

; 

2m 

2.150 

2.00 

2.m 

2.<50 

2.01 

2.ti3 


2-in. mdii4» ..... 

L4?vel 

2.78 

2.7M 

2.SO 

2.St 

2,sa 

2.84 

2.8;i 

2,85 

2.85 

S-inr mdiiw... *«. 

Level 

2,77 

: 2.751 

2.^ 

2 OS 

2.83 

2.84 

2.85 

2.85 

2.85 

liUtn.iadluB. 

larvel 

2.7S 

2.70 

2.80 

2.81 

282 

2.83 

2 85 

2.85 

2.85 

8-iEi. radius...... 

larvei 

2.7S 

'2.70 

2.80 

2.81 

2.82 

2M 

2.84 

2.S5 

2.85 

3- by lS-4ii. ellipse. 

Level 

2.78 

2.72 

2.80 

2.H2 

2.83 

2 84 

2,85 

2.85 

2,85 

by 4-iii, ellip^5^^- 

Level 

2.77 

2.7ft 

2.80 

2.81 

2.82 

2.83 

2.85 

2.80 

3.81] 

1^1 n. radiiia. ..... 

Slope, 0 004 

2.515 

2.SM 

2M :! 

2.02 

2.U1 

2.tJ0 

3.88 

3.87 [ 

2.87 

ii-in. radius ... 

Slinpe, 0.02t> 

3.07 

3.0fi 

3,05 1 

i3.04 

3.03 

302 

3.fX3 

2.00 



efficient C (Eq. (Ill)] for broad-ertisU-d weim fO ft wide b takeii from Woodbum'e ejt- 
IK^riments. Tb? coeffident for all the mruJob with ruundtHl eiitranti- eurticr appear? to 
Ht^P^^uich a canuiKin valun* of about 2.8^ wbirh OMinuiis eErn^rtant for the htgla'r heailfi. 

The drop in whaler surface (FiR. 5fl), lafglecting velocity uf approach and cnlroniTe 
losK*#, is A ■ w^here b tb^ vidurity on the weir crvFt just l^elow the duwndrop 

t tmln. of iLrwi'^rmtnl WsJrP, wilh pnpBkdji I# A. H. AiSCif, &fc|KtHt3iW, ISKJL Tliti 

SMPet HO STiavdtft Bqxm.ii?Ol *3 bUicO' o ( CWkUlIihu uf flaw avur bmul-crnUd «lin. A 

-nrielr of ihekWw Wbh mvi'fctWi-OKl. 



































HYDRAULICS 


4-^M) 

cyr^'w. [ji thw P ™ V *^h jncludinic a dttfclmrpff cwIVlticnl^ V ■* 

If ttu^FT ill aplifccdnfjlt VL-liMity of ftpprottrh, nJ^^EiTtinK ejitniticiF k ii* till? 

In dut to vckicity bellow ibt; cit^wmjrop ctirvc- aiJifl vi*lr>eity uf &tdpn>ftc1i, 

Hjp brwi-rfi'jtH! wtir ie ivfility, h phort channel^ ami ilip cftnditbiw of flow <?<ir- 
rcffpond lo diL^ iNjnElkiaini at the entrance to a canal receding water fnwly fratn a rti«- 
ervnir or other eompardtivi-ly large body of water 

xStdwierped Sr^rrii and lHaFU^- The gi^iieral laws goveming (ht^ fluw of water ovi'^r siiib- 
mergEHi uliarp-erx'zrted weir*, dewribed on p. tI-Mh imdoubtedk apply to subtncrgi^d fiaiua 
and wpjrji out Kharp-cfe^ted, Lut, *liice dischujge is affected by tbe ^hape of the weir 
inert ion, prt'eenl^ a separate prohleio, aotl I'lteli n^itLilred a separale cxpied^ 

mental iov'esiigatiotL. Ffom tht few experiiuenls aetdldble^ it is Inipo^blu to develop a 
general fortnula. The following rules wilt be hi^lptul iti some bislaons] (1} If the depth 
nf eubnii^rgem^L' he not greater than 0.2 of the head, ignore the Hiibniergeuee aful Inat 
widr an tbough it harJ fni' diaehnrge. 12} For iiurmw wr>im havdiig a sharp L|p!itn''iun 
OQrtnJrp u-w a submerged-weir lonmita for sharp-irn^stwl wnqja. BruajjH?ri"»le€l weirs 
arc not affceunl by submergence up to approximately Q-d^ of the hcaii- !4t For weirs 
with narrow' roundi'd cfesta, inereaH! iibH:harg!:v ulitatn^ by a formula for ]^ubnv^rged 
sbarp-erw^ted weifa by 10 perceul Of more. Of the almvc rnlfa, 1, 2, and 3^ protiabliy 
apply quite aenirately. whiJe 4 is simply a mugli apprnxiniadon. 

Fallx and Drap^. If a channel having a rectangular FWH:tinn to rmiiiate-fi abrupt ly, nJJnw- 
iiig ths water to discharge freely into the air, a ennditiun analogous to that ilhifftratiHl 
in the rigbl^hand portion of Fig. la produced, and dLwharge ij givt?n by ibe right-hand 
meiiibiFr of Eq. <I H:)- depth £) should bit mt^asun-d a short dislaiice upstn-am from 
the cmrt of the falb well above the effeets of nurface cofilrEictiun. ChrLal drops arc n.!H- 
quired to drop water to a lower elevation uud at the same time biaintalii a idvcn depth 
in the Canal. In ^uch atruetures^ How occluw at eriticat depth, and dischaqp^s can be 
detemiLned by the prindplcs and formidoa given on pp. 4-S4 to 4-S|l. 

FLOW W ITPES 

Alany Litveatl.gatoni have; ^^ought to determine the taws governing the flow of fluidw in 
pipes. From the tlnie of Cheiy^ (t775> test results gave information which pcrmitteii 
the solution of practical problems involving the ffow' of water. The early formulas 
Bx the Chesy formula fp. 4 OTJ were ba*ed on the assumption that the pressure drop in a 
ptpeliih.' w^aa related only to ihi; velocity, the dinieuHiotL» of the conduit, and the rougji- 
now. The work of HagL'n Poiseultle I IS4<tb n^d Heynohif? r<howred clearly 



that the iktudsy utifl vtMx^sity of the fluid ai’w. inflmmct^ The pn^um drop. Finally it 
haw become generally recogaiziNl that roughiuiiH k a relative quanlUy, i.c., two pipits 
have the same roughness only if the ratio hetw'wii ^kuiet average dimeEtsluii of thi' irregu^ 
lariili^H of the w^all Rirfiire and the diometLf of the mpe is the iMie. 

[.jiTiiTi sr Flow in Pipsa. The low* of laminar flow in pipes w'ere determiniMi expt'ri- 
mentaily, indepenihmt ly by Ha^n and PouH-mlle. The Iiagcri-P»w* uillLH law eon lie 
derVL>1otM<[l fruRi fundamiMttttl prinHpli^ w fullowt; Cotudclnr th»‘ fom* Bflin* dll b 
cyliibJer «f Huiil of lungih f uiut nujius g, as shown in Fig. flO. If steady mution oxiBts, 









flow im pjfes 


4Hil 


thi? fflinre by ibt' diffctnti^ in p^rraiimi! tm tlit^ cmii nf t!>i» rybnder nm^t be 

littluncLyJ by ftirot^ muitinjf (tam llit> ehmr Mtn*a» ai tbf baundArien aa exprtjsmJ hy 
Eq. (nS). 

^Pi “ ■ T2#yf (JIS) 

SiniFilifyin£ and inrrodurlng the value eT r Irnm Eq. (3), the abov& i;!4iii&timi bqconie» 

du ( 


ip - Pj)lf 


-2ii 


dsi 


the minuis Bigo Ix'inp ineltlded bemusf iurt^nient^ of u and s are ^^ppoeite in ingQ rs 
jahown in Fij 5 . GO. The athivM i-qualioa Kkfiy be aotvL'd for du and integrate aa folbwjs:: 


a ■ jdu m 


-jpx - 

V 


+ c 


am) 


The value of C ma.y bo oblained from the l>oiiiKlar>' conditioD that tf « d/2 trhen ti » 0. 
Then 

{pk " 


C - 


ItW 


and 


(Pi -?t) 


(-'■+!) 


CUT) 


\ 

am) 


Thid equation showd the velocity dktFibutioD for lammai flow in circular^bipca to he 
a paraboloid of revolutiozL The value of Vnu may be dgtertniiied by letti^ u v 0- 


_ fA*J — JDsJff* 

" 1(V 

The dkcharee is obtained by integration as followg! 

^ = JdQ = fu d.4 = /u2r^d|f 
^?libatitqtitlK thi* v^iie of u Cftiia Eq. (117), 


and 


Q 


rjpt — 
l2S/if 


CMW) 


The nvera^ velocity e may be obtained from Eq. (IIS) by dividing by ihn 
pipe. 

_ (pj - ftiiip 
* ” 22td 


area of the 
( 120 ) 


Tt may s^n from Eqn. (IIS) and (120) that fof laminAr flow the maximum velodty 
in twiee nvcfraKu veldcity* The expre^ton for the ehange in pteioniietrie head in 
a length I may be obtaitwid by solving for fpi — pj) and dividing by the apeetfie weight, 

-i— (121) 
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IjitrthJurlni; Rvyntjids number, the above expre^ion heeofnee 


M I IT 

lrH% 


im] 


If in Eq^ (122) the rougkoeMii cwflirlpnt/ is used in pki» of 64//f, the exprE^^ilqn becomes 


h 



t123> 


which b the well known Darcy^-Webbach rormuk for flow id h beinff the eneri?;y 

be® in feet of pipe b ftMit-ponjnd'^ per pound. It iti oIrut frnm the above that for laminar 
flow / IB eomplelely independent of rouj^hm-^ byt vane® only with EtiynoldA nuniby. 
i.e,, with the n-Intiw islren^b of the vijeoiiB and itieJrtinJ forces. Ttn- straight line whown 
at the left aiil^ in Fig^ 61 in a gmphieaJ representation of the relation 


/- 


64 

n 


(124) 


The 42xperlmeiitaJ work of Hagen and Foiscallle and t4rftfl by many later inxTatlgators 
have eetabliBhi(>d the aeeuracy of thia relaLionsliip beyond question. ^ well dot's the 
relation hold that the application of Eq. (121) to circular tubes is ote? of tfu’ mo?t basic 
JUethodB of detertukLjng v^cnsity. 

Thy Haguii-p03w:]uille law, Eep (11®), or tin? corre^nding relation between / and ff, 
Eq. [124), apply wbim R is than 2^000. In the range of Ib'jmoldji iiumbi'-rs from 
2j0CK) to 4,000, flow ebanK4^ from laiDinm to turbulent. Values of/are niicertaJn m thif 
ranp^^ If a pipclLtw^ were to be deeigned for flow in thu ra^gf.^ the only i!*fe jffocedurc 
would be to assume (hat flow b turbulent and aclect / by csU'nding tht* rurxr(.fl &howii in 
Fig. OL 

The frinetfc encrjjy of laniinar flow may be evaluated from Eqs f^ i and (3S> k-tting 
a ^ da « 2rsf and vubililuUng value® of u and r from Eqs. fUT) and (120) 

mspertivelyp os follows 

r2 f A * 

a — «- f 

2^ 2^r Jv 

rntegratinn of ibi^ ahovi* eTpreBsion giwa a » 2. 

Turbdent Flow in Pipes. VlTien flow oeoira at Ih'ytvolds sutnlx'ni gnatcr ihso 4.000. 
vsluiv of / iii lhi‘ UtarGY-Wi-iKlmeh formula lBk|. fl23)| var>' wStb rnughm-M as wtH m 
with msrcMty aitcl density. Turbulonl How may bo divided into thnw cab-pirKis, 
namely, flow in smooth pipes, flow In the rvlatively roujjh piiaw at hi|$b vrloeitiss. and 
flow in llw' transition loiiu betwf>en the fiist. two categonv#. 

For the enHe of flow in verii' smooth piptai. values of / vaiii' with /f, aii ^hown by the 
lower eurve <d Fig. 01- It i^y ho seen that this curve never beeomes horuoutal, which 
shnn's thni the fluid properties inflw^nw Ihc flow throughout the ehlinr raiigi* tif itrynuliis 
numbens. CJlass pipes or very stnuulh drawn tubing would fall into thw rateguty. 

Flow in rough ppi'H Bt liirg.- valum of ff in iltustrated in Fig, bl hv Tht‘ *one nbovr and 
to th<< right of th)' bmhen Hne. This is called the cone of fully tieveln|x<ii turl.uleiiee. tn 
this aoue, the / rum.M bi comi* borijcontal. thus showing that flow is entin jy indepeudenl 
of the fluid pnppertii's. Xikumilst ‘ sliowcd that values of / in this soiie fl'epend only om 
the relative mughnMt t »/rf) when- * is the dimetu^on of the roughness and d is the pipe 
■iiaovier in the oartR- units. [Ic determined this by testing ppes which had been arti- 
fleially roughenMl wit h sand of a unifortn nic. 

iNcErrcbd, J,. '‘HtnMminctwu. in raukn Robna," ForMboncMl SSI. V.O.L. lOSS, 
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Tlii^ third dutt^arj- at turhutfni flnw in (wpw o«:nn* wiw^ii vuSm* erf /foil in tlio aoru; 
bvLwtvn the mrvi! far eunootb pipt# juid i br brnk^n Eiiir in Fig;, fli. Flow in 
pipi^ tjsually ocenr^ in thL-* catt^eory. In tbk xcm, tbi- / cur^tf^ ftsr voiicHj> vaIueh t£ 
tttlvf ruLighnci^ ikipati rrom thk^ irmootli pipt^ njncB nt liK^tioci and b^enw 

hniiaontAl flj* th^v ento the none of fully ^-viflapi.Mi turbulcairp. ]t waB ililfimit eit first lo 
apply tin; prinidpSp nl relative tu commi^r^bd pipe bomnee j^uch u sfumll imni.ber 

of eKperimtintal pointii escteoiied int* thir jme of fully di^^^i-lopL-d tuHjub>n(:i^. This 
difficulty o^'emme by Cok'brtwjk and who di^Tlnpi^ a reJatiuluhip iH^twern 

/ and R, Eq. (125), which applies renaonahly well to nil the imMillofi cuTVtw. With tht' 
aid of thu cqtittUQn, Colebrook » waB able to tmighTM^ vnlura to vnrious tonui^r- 


Vf 




(125) 


cial pipe miiturialB by vompEirinff vjitu(M of / for ihoise pipes) with .Vilninidiie’B valqw for 
iLrtificijili.v roufchem-d pipe- a^vus?» cairinl tht. worlt further eiiiif preseDteil the table 
of vbliK-s of roUKbuefls shown as an insert in Fig. til. The broken line separating the 
transition ion« ftoin iW mne of fully de^ssloped turbiiienri' in Fijs. $1 was also jeugRested 
by aouM-.’ The vsnoijs eurves shown in Fig, fll <^ftv presented in this form hv Moody.* 
Auxittaiy ssiies nt ihy top of the figure permit one to enter the dingmm with only the 
v^ue id if it is aisinnt-d tbat the wiitet ot air teiupumtuie is HOT- VcJiies of kinematie 
viacosity r to bo mted in computing B nmy be obtained from Tabk' 2, p. 1-a, Values of 
/for water at ordinary temperatures flowing in m-w cmrt'iivn or sbe^l pp,; may tt|«> 
ubtatDL-d from Table II** Values of / fnr fire huae computed from test data of the 
Underwriters Labomtuiies, Inc,, arc shown in Table 12,* 

Koughness inereases with ugp in pipi* which are subjeet lo cornisiuo, fpjwn ’ re- 


TADI.E: 11. Valucs of / uv Dahcv'-Wkishach FoutuLu 


rfN^ 

2 

5 

10 

20 

3 

t}m2 

0.027 

0.025 

o,twa j 

3 

o.tm 

0.02S 

0.021 

0.022 

fl 

a.Q2G 

0.023 

0.022 

0.021 

13 

0.023 

0.021 

0,020 

OOlO 

18 

0.021 

0020 

0.010 

0.018 



2 

5 10 

20 

24 

0.010 

0.018 0.018 

O.OIT 

36 

0.017 

0.0 Id 0,01 ti 

o,ob> 

43 

0 .015 i 

O-OM 0.OH 

0.014 

1:10 

0 .013 ; 

0.013 0.013 

0.012 

73 

O.OH 

0.011 0.011 

O.Dll 


TaIhA 12 VaM Es or / hw IVateh Fmiwino is Cottds Ki Baiiii.uMm Fire Hose 


Nominal 


Vclorll>v ft per sipc 


aiiLmcLcr, 

in. 

4 

0 

10 

15 

20 

26 

m 

m 

11.021 

0.023 

0020 

0.023 

O.OID 

0.022 

0.018 

n.» 2 i 

0.018 

0.018 


1 Cni#«<LUKiK. C- F. Turfatlmit ikiW in Pt[rt*. wiHi Phrthrulaf lleffviinnr to « ■ 

brtTjBcn ^TjMlii Bfid l^lie IJkWt.J. itiM. Oril £nirM. F^ruiirJ^lB3P ^**^^^*^ R«iW» 

i CcLlklU^CE. BiiL i vaw. 

> Ibipikta, HturrtJi, "Ei^tiuLlutii oi n<wtid*3^- HoiiicEjiik.*^ of lK* ^_ ^ ij j ,- 

Cotiftmft-. {'flit. !m. 07. JtM?. frarr«iinfli ihe HyilwilKk 


* MiKFfiT. F., FrkibiL Fmiian for Fs|ic Flaw rnini^. ASMU. ^tfoTciiiW lB44 
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FLOW IN FIPES 


4—1>5 

pcM-trfl taR* in vhick dm^rvatiooa wfjv on iptlvajuicd ■Li>«| pipe m wbirb it waj* 
fuund (Iml ibc vduu of * w&h doubk^ within 3 ycuTB aa thn fHBu]t nf mixifnite condi^ 
tifjiiri of list. FaH;'miin * a fimubi^j- of new wrou^sht-ifyo pipea and bdihc ^^old, 

nwty" wrouj(lit-iroh pipni of tbe fiamo eke. The mu^tmow of hw pipws wm evaluated 
by the author^ by iruitipariiHm t^ith thn Nikurad^ daLa, with the following refruha: 


Type of Pipi" g, ft 

24ti. new wrou^l-txDi;i Q.0QQ14 

2- in. old, msty uTought-iron 0-003 

3- tn. new wrought-iron 0 . 06 DL 5 

3-itj. ^^ll^htly maty w^nmuhtdr*™ 0.0DQ4i 

3- iiL Very nwty, old wroui^ht-iron 0.0001 

4- in. niiw wrou|;ht-jmo 0,0001 a 

4-ii]. old, maty wmnght-iftm 0.00*^ 


It niay be tiotetl that the mughm^ Riie k from twenty to sixty litnea Eaiiger for very ohl^ 
maty pipu tbati ita M'w pipe. If the nsluti^'e roughne^ ia obtaliied, howi^ver, mid in- 
M-rled in Fi^. Ul, It will fw wen thal tlie valium nf/for the maty pipe are only two or 
throe times as f^rmi ai^ those for new pipt?, 

E^camplf 16: The disebarge thrmigh 3,000 ft of IJ-im new mst-iron k 4 eu ft 
|3«r ae^r^ The vi'aler k deOvered Uj the pipe by » pump at potut I and the pipe dlwhArnLes 
into the atmoephere At point 2. Point 2 ia 50 ft higher thnn point 1. Pelf^rmins pj 
the pressure nt whieh the pump nrn&t deliver water t* the pipe. 

Tile BemaulU pc|mitkm for points I and 2 U 


1^*, pi 

2ll IF 


4..,.^ + E + ,+,'g 

2gi If d2g 


Takbg the ihtlum through ptnnt 1 nniJ knimdni P| = 
lieeomes 


le 


“+ 4 s 

d2^ 




ir, and pi 


0, tbe equation 


The value ol e ia determined trorn ^/ur* 


IT 


4 

0.7^ 


5,1 ft per see 


and the value of/, from Table Lip is0.021. Then 


DJid 


pt 3.000 

- 30 -h [J.Q2J X -V“ ^ 
i^ 1 64.4 


pi m m 4,700 lb per ft 


Examptt 17: Castor oil at 6S^F enters 300 ft of l4n. pipe at point 1 under a presmre 
of 10 p» gage and dkeliargr® into ibe atmoapheTi- at paint 2. Detmnine the diarbar^ 
if point 2 U 5 ft higher tliani point L 

Taking the datum through paint i and canreling out equal veloeity-Liead terme^ the 
Bernoulli equatinn from 1 to 2 Ljeeomea 


ur 


5 +Ar 


1 FaniUfta^ R., ''Fliirw af WKEf^r in Fl|>t^ and Pip^ FJidAn/' AS.VtK, Yeak, 1044 . 
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From JAbSii 2 thf vi^iisomiy hi 0.0204) nluip |H^r umi ji.^umiii§E ih^ apmB? pnvfty 
tK^ b$ 0.960 th£ Reynolds number is 


R 


dt p 




1 ^ yaoflo X 

12/ \ 32.2 / 


r 


0.0206 


7.6r 


Although r is nnt yet kuDwnK it ii^ from Xbp. Above that flow k Iniiuiiiir. Tlsore- 

forCp Eq. 022) mAV be ili«J fcn- dptermiuioK tlie enciKy k»5js ^i. Numericnl vnlue^ 
may now be eubfltltutt'd in dir BeriiouUi equal ion oa fdlonit: 

ID X 144 . . 154 300 

D.m9 X 0^.4 7.0r 61.4 

tmd 

23,S -5 

p *-—— - 0.040 ft per eec 

470 

then 


Q ^ . D.00N5 X 0,0l0 - 0,000219 ru ft per see, m 0,099 ^1 per min 


E^mpS£ IS; Determine ibe dlsclmj^ of WAler at a temiH^tmture of ijOT througli 
12,000 fl of new ea^Hron pipe. The water eDlem the pipe at u pressure af 20 pnl 
gape at point 1 and leavea at attnosphene pres^re at paint 2, trhicb ia 15 It lower 
th^ point 1. 

The Bernoulli eqiiatioa froni 1 to 2 taking the datum thmugh 2 and tangling equal 
velodty-facad terms gives 




or 



20 144 

“ 02.41 


+ 15 


61,2 ft 


Tlie vabie of R in terms of r ia 


r 0.0000141 


47.300P 


and the value of i/D is 0.00083/0.67 - 0.tJ0l27, .Vi^-uming e to be 5 ft pi^r #ee the 
first trial value of R b 233^000 and the valtie of/, fmcp Fip. 6t* b 0.0215. Then 


and 


0.0215 X 


12,000 



61.2 


r — 3.2 ft per sec 


The eoiTccuri Ttejmcilda number is 47.300 X 3.2 ^ 15!,000 nnd the cumwpoindinB 
Tnlucor/isO.022. Ttie new value of e is 3.15 filler see. N'o further trials are ne,MM«irv 

and the disnharpe may be eoiiiputi>d as fallows: " ^ 


Q « oil K 0.340 X 3.15 » 1,1 eij ft prr sm 

Other P5pe Foimutu. Of ihv many publinhcd pipe fonnitW, otily a few will bi‘ dw- 
eiuwd. The symbols eommcnly used in pipt' and apcin-rhannel fo^nliu nre gjvrn in 
the following Ibt: 
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I kinglb di pip<;, ft, 

A • IdM in I ft ol pipe^ fl-lb per lb. 

M • h/l * encrgj' Iws |w?r fool Uingtb of pipe. fFiw ctwinnelft and horitonuil pipes, 
1 ia aim the tlope of the i-nergy ici^ndjeiiL) 
d » diiiiucHter of pipe, ft. 
cf^ » of pipe, in. 

fi » titvM id rriAKtf metldn of mLnndj, m\ ft, 

P w tiK> 4 m vpludt^ in pipe, ft per aee, 

Q « ■ dtsrharKr:, cu ft piT sec, 

p « wetted perimeter - irtf for round pipes flu wing full. 

r ^ a/p hydraulic mdius » d/4 for round pipes flowinic fuJL 

The Cheit/ formvin- Thw forttiula [Eq. (123)J wm tha earliest atlcfiipt to expreiu 

V - cy/rt (jse) 

eiierfEj" l«» io ronduita algebr«f!aJty\ If bi this formula r h replaced by d/4 Bod g by hfl^ 
the ealue of A ii given by the exprearion 



from which it rati be seen that the Darcy-Weisbateh foriiiiila [Elq. (123)J is- a rearran^ 
nwnt of the Cheiy formula, the rou^shtitiM coeAieiL'tLlii bein^ related an fo!low’d<; 


/- 


k 


im) 


Frotn the previous diacuasioii eon.cei'iimg Fig. 31 It may be condudod that the Chirzy 
formula would give excellent re«ulta for flow in rough eonduita at large Reynolds num¬ 
bers, where the oicpODent of e le approximaudy 2. Wlien Ijiicr invt^tlgators found I hat 
(his formula did pul adhere to test reeultg for Fiudolh pip* with low wlodtien Dther 
rnipiHcai formulas were devised to satisfy each pariictilar group of t«ti. Only in rpcent 
yeans hijus it biTome ge ni^ndiy rvcugnticd that all Kunfa U-jtrt can be unifled by mciarui of 
Hrytiolda number, 

A dimenrional invwtlgatioh of the Cheiy formula will eHow that the left tenu ha;* the 
dimenMon L/T when-aa the right side k simply The exprvsfiiqn is ifa^rufom not 
ilEinensioiially homogeneous and can be used iu the above fumi only iu the foot-pound- 
second gystem. A similar rnvEwiigation of thr Parcy-WekiMiA-h formuln will show it to be 
dimensioimily eorreet. 

ffaztn-WiUiam* TIiLm formula, chwipHal for bolh pipt** and open ebatinelaH 

liM been used uxletizively for pipes. The selection of cxpoiu^nta wan made with a view 
to obtaJniikg a mluimiMn variatiun in the cnefhcieiit Ti for all conduits of the same degree 
of roughnesa. The formula as published by its authoia * is 

t »/ “O.OOl-P^ (129) 

The expn^on O.DOI^"”, wliicb cuu&k 1.3IS, was introduced to equalize the value 
of Cl with the value of c iti the Cheay formula. The authors of the formula "If 

i^xpoiKuita could be selected agivoing perferfly with the facts, the value of Ci would de¬ 
pend upon ihc rougbinw otily, and for any given degjt't^ of rnug^nead Ci would be a 
constant. It k nol isiesible to it'ach this actually^ because the valuM of the exponents 
Tttry with differ^Mit ffurfaces. anil also thedr value's may not be exactly the same for lar^^ 
dioniraeni and for small ones and for steep ilopes and for Sat oni^. Exponents can be 

I WiujtA^k 4J¥d UiLtas. -"Hy^raulk Md kI. Jpini WB*y A Boai, laiL. Nh* York, IflAl, 
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«el«ctc(J» Tinm-ver^ TiepresentiD^ &pproximAtciy AvcT&gu fomiUlaoi, tW iba* v'EiJuf^ of 
C| (qt & giv'en condition of suTfaee wiil v&ry m iittb ik* to ht.^ practically euiuiLimt, St«in>ral 
mieh Y-Kponcnti&r fomiubkA have been fitigi;L4t4xJ. Thiov fortiUiliui anionic ihe nitMl 
^tLsractory ycit dc^'iited, but their uje bEa bwa llialtecl by the dil^eijlty in inakEnit 
putationB by tbem. This difScu^ty^ leaj* rlimiamlA'd by ihs uw of a slide ruh'^ cenHtnicted 
for the purpoEi?.''^ 

The fotlowibi; ar^ vdues of Cii For extrenicly fnnoQth, straight pipeti^ — 110^ for 

very smooth pipts, ^ 130, For atooDih wooden or wocni^tavr pipos^ €i « for 
new rtwUHd“sti?e] pdpt^ Ci ■ HO; for vitrified pipes, Ti « 110, In eslliualijii^ duehartti'S 
whole tlk^ carryiAg capacUy after » w^dcs of yemrs is the contrcillinK factor, for cast-iron 
|Mpe Cl * IDO; aftd for riveted ^^teel^ Ci *• 05. For n!d ireu pipes in bad coudiilon^ Ci * 
SO to 60; and for small jtjpk's badly lubercuUted^ Cj may he as low aa 40. 

F^rmuhLr This is a general formula which eari bt? applit^d tn all lypcM of 
condiiita- In the furiii for open channels, it is umialJy wrtLiep 


II 


L.4S0 




(laOa) 


It la applied more oonvenicnliy to pipes in one of the followini; fomw: 

O.oOO 


n 

0,4^ 




k ** 

iQ^ 


A « 4,0bJ'>* 

^ /2,I59( 

* - i^T 


2.l590n j!4 


(iSO^j 

{I20d) 

(laoej 

(130/) 

fiaptf) 


The couSicient a inemases with the degree of rotighru^. The reason the formula is 
expn^-saed in thre form HSOrt) Instf^nd of the obviously equivalent i-Jipn^cin a =■ 
is that in the form used it gives practically the saiue results as the Kntter formula when 
the mnti* value of a w uh?< 1 in each fortnula- VaJuia! nf u tn be i 4 jk?c| with tbe Maiming 
fnrmula art' (pven in Table 13. Moi^t of the etpc^riineqts published give rv^sulta Eying 
between the estreimw of these vnlues, r^mooth pipes: at anmll diatneter lake a somewhal 
amaller coefficient than thiwe of large diamter. For rough pipes, the coefficient does 
not appear to Vary with the dhumder. l^inct* iron and steel pipiw deteriomte with age, 
for irtFtiinatiiiK discharges of such pipes wtu-rt^ iht^ c^nrying eapacily after a nerie® of 
ycare id tht* controlling factoTp tbr^ larger valuer of a should foe use^i. 

Sdtrfinn of a Pip^ FormuJta. The rhirey^Yewhiwh foriuuk has the duitinct advantnp 
ef being appUeable to any gystem of unJtJi and to all fiuidB Hewing in round conduits 
whether flow is lamiiw or turbulent. Therr seems to bo liltk' question that because nf 
its vptTffltility It will eventually take precedence uver all ollter formulas. For ujw with 

I Ftpv ta W>u»f ^ Opoi ChMJMBvh ud ?\pm. CirH tiJ. W, 
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Tari.i^ 13. Vah es or h to Be Used with the Mavnivo Pobmi-la 


Kind of pipe 

Variatinn 

Uac in diiiigninE 

From 

To 

Fntfit 

Ta 

Cleon uneoaled ea«it-iron pipe 

l>.011 

0.01^ 

0.013 

0.015 

Clnali COtitfKJ eont-irciu |iipc. 

Dirty or tulieietihitLij ewHi-inm pipe 
Rivele^i-stwl pipe, _ 

aolo 

0014 

0.012 

0,014 

S.Olili 

af>i3 

003o 

0.017 

0,015 

0,017 

Loek-bir mid welded pipi^. , 

a.OlO 

0.013 

0.012 

0.0] 3 

Colvunized^roii pipe. +.. 

0.012 

0.017 

0.015 

0.017 

Brass and gliw« pipt' 

VVood^tiive pipe. . 
stiiidJ diameter.. 

O.QfK) 

0.010 

0,013 

aoH 

0,011 

0.012 

large diamE>ter-... 



a.012 

0.013 

Concrete pipe,.. ... 

with rou}^ iointp..., 

0,010 

DOST 

o.oie 

0.017 

"dn'^rniJC,'* njugli forais,,. 

“'if-f t mix/" atecH forrns. . . . 



0.0] 5 

o.oia 

,,,,, 

,,r- - 

0.012 

0.014 

%Try smooth.. 



0.011 

0,012 

Vitri^ed Slower pipe.. . 

Commoinrlay dmiuage tile. ^J 

oidio 

DOIT 

O.OJ3 

0.015 

O.OLL 

0.017 

0.012 

0.014 


water at oniiiuj^i’ tempemturt^^ no om* of the aiwi^r fortmiiap po*»e*ies n i3Wke4 
vnutAgu^ from tbc* itandpoint of if it hn used wiih rare and uadi»nitaiHline. 

Eaeh reqmrra the i>olectton of a wiryo a^jut tbe saim* range of venialion, 

Ttk! uula conaidiTAtiork ip (hat ihr engineer know the formula and ijo thotouichly familiar 
with ihtr eoeftlciiMite ihnt apply in eaieli rase. The Manning formula Ws tbe advantage 
of \mng applk'able to i)oth pip^p and open ehannoli^ and itP exponents lEind lhojn£elvo& 
moT? family to algebrair manijiulation than thoee of tho HojLoti^WilliamB formula. 

Mfnor Lossea, In addition to the frietiau lu^s Eakiiij^ ptai^i^ l hrcjutthuut tln^ length of a 
rondtiit, there are local Iosk^a at each point wheif^ an aeeek^ratiim orenrs. J^ueh losiOA 
are caJkil "minor lo*^'" i.Hwaujw 'm 
very long pipc^ they are rn'Kligiblu 
compared with the frirtiDn lowcs. 

HoweTOr, in pipt-a thaJi l,0Q0 ft 
tong, the minor iBsy fjc of tlh> 

pfline order <*f magnitude as the fric¬ 
tion (oMT. The mopf cotnuion minor 
J^ww# are due to sudden irnfargi^ 
ments. sudden eontraet ioniip beneb^ and 
valves. In all ra™ it Ls eommon 
practice to state ila^ loiw ex e function 
uf the veIcKiity head as folbws: 

1131 ) 

If thert3 is a permanent i.^Katig^s in pipe 
illaim>U>r, lln‘ velocity in the above cx- 
pn ssion b llie one in I lie smalJi'r pipe. 

The lopa du& in sudden eFiiur^ewsPif may be evaluated from basic prineipN. In Fig. 62 
h choBTi a section thnotigh a round pipe in whieb the diameter b puddenly increased. 
The fluid hetn^en poiatj 1 and ^ U undergdng a chaTige in momentum which must 


































4r-70 


HYDRAULICS 


to the foTW. 

a« followa: 


wait fibitarK thw may be matbctnAtif^ly 

t 


w hich, for thts caae showTi In Fig. 112^ beronir^ 


{pa — pi)os - —■ {n — ^ 
& 

The Bernoulli equation tuitween poinia i and 2 £s 


(132) 


IT 2^ If * 

^quntiona (132) and (J33) niay be wived simultaneously for ft* with the result: 


urn 


2p 


(134) 


TbiF equation agrew very well with the Arehet * rurmuLi |Eq. (l35)| which wan deiivetl 
pxpmmental]y. 


K 


i,m 


if, -- 


{135} 


A Bpci^ cue of HiwIdEn enlafuEnu'iit owuia at (he outfet of « pipe bonoath the wntt r 
mjrface of a i«em>ir. For this case the value of j, Ss appn,itirt«telv wfo and then-ron- 
the value of H* bewmFa nearly «iuaJ to the veloetLy head in the pipe. Values ithtained 
from E(i. (1W> (vducHi to the fonn of Eq. {I31> «wuU in the valuta of A', given In 
TiAle Id. ValiuiB of K, for (ffadual enlargement computed from t«*t of Amlrw and 
Gibwn * aat? given In Titblc 15. 


Ta&lk I-I, CoErncitsji'T roa SunDEjf EsLAntjEMEST i?i Fifes 


^Telcwity 


lialiu (jf smaller to lajrgFr dinmetiU' 


iti ^iiuiiii:r 

FIMV IT 

0.0 

O.l 

0.2 

0,3 

0.4 

0.5 

0.6 

OJ 

0.3 

Q3 

2 

5 

lO 

20 

40 , 

l.OD 

0.95 

0.03 

080 

0,8l 

l.OeJ 

0.&5 

O.Ul 

0.84 

D.SO 

0.95 
030 
03^1 
0,80 
0.7S 1 

0.36 

o.so 

0.77 

0.72 

0.1^ 

0.74 
0.60 
0.67 
0.62 1 
10.58 

0.50 

0.56 

O.M 

0.47 

0,4^ 

0.41 

0.40 

0.37 

0.35 

0.21) 

0.27 

0,25 

0 24 
0.22 

0.15 

0.14 

0.13 

0.12 

0,11 

0.04 

OM 

0,CH 

D,(M 

0.03 


T^ule 15, CoBmetEKT AV ron GnAQrAi^ EL>:MaoEHEyi' Pipes 













































FLOW IN PIPES 


4^71 

Tjib4c 1ft givt# v&luai of £oi lutfd'm cpnirfwtimi on Uid work of MeiriiiuiTi 

nod Brighlmore.* TMti by Gibtdn * pv^ vuliip# that aitr of th** swm^ pinitjrof nmgiiitiuJi>. 
V&luL's b&god oa liafLs by Wuisbsoh an' Appn>xlouU-<fy tbu natnt^ bjf tbiw of Table 16 for a 
vulflrtiity of 40 ft |ief A ^pt'ciEil csjge of Huddeu rontmelion ocmrt^ where water 

oolerti a pipe ffotn a fTr^nrqir, VflJiit‘jfl of for thw eondifiiOP: are pwo lo Table 17* 

ift> ColsimciEST raa CojtTiUctloN ts Pirsa 



Tabuc it, CoEinciEST Ktf fob RstaAA‘e£ Lchai ts Pipes 


J>?8criptioa of Eotmoee 

tonard projecting_ 

Sharp-comercd«* ^^ 
Slitfbtty nHloded^.,. . 
BiMlTnoiith, ......... 


Coeffident 
. aift 
. 0.50 
. 0.^ 

, 0.04 


Average valuei of Kf for lotfe^ at pite Eid/rra oa deieniiine^i by Cor|i nml Ruble * ans 
givi-ii in Table IS. 


Table IS, or Htnu to 0\rr. Valves 
VjdMea of Kg La hg ■ Kg — 

I 
I 

D 

L\ 

_J 

T 

d 



XoitLitui! Ratio of heighI; d of vol^t' o^ieldilit lo 
diameter djainelpr i> of fail valve oppiting 


o! vnjve, 

in. 

H 

H 

15 

H 

K 

J 

H 

150 

m 

22 

11 

2.2 

1.0 

H 

310 

40 

J2 

5.5 

1.1 

028 

1 1 

230 

32 

n.o 

A2 

000 

0.23 

m 

170 

23 

7.2 

33 

0.75 

O.IS 

2 

14(1 

20 

+15 

3.0 

0.63 

O.lft 

4 

01 

16 


2.6 

0.55 

0,14 

6 

74 

14 

5,3 

2.4 

0.40 

D.12 

S 

lift 

13 

5.2 

2.3 

047 

Ojn 

12 


12 

5.1 

22 

0.47 

0.07 


! JM.. p. er^i7. 

J GipMir, A ''''Uj-ilrauUEB oact It# ApjpLi[;B.tiaik«,'^ 3d oL, pi-. Ml, iSlCfS. 

^^'Buxh u 4 Hivieoa. "Applwd fulfil ^ Sll. iBSr 

;Coiir Mad RinuL ''En>cnnpHib pu Loiit ol H*Md in Vilv«* ind Fiipm of One-hall to Tmntca tnrLot 
D\mmtl»r SitH. Vmiw. ir^ Miti. vul IX. Ni^. 1. p. 541. W12. 
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HYDRAULICS 


Tbe minor lo(» at a r«sulta from a djFlcirtiocfc of the vclodty diFtnbutiQm tiM?rvby 
c^auain^ additioaaJ alicar iitrciwo! H'itMn thv Said. Tlu- normal vi^lwity diaiHbmion 
mav mn b*.' restored far a diilancti itH i^rwil 25 diiiiiiuL4>» tht^ buod- Tbc lipnH 

loss ia c^naidcred to the lost? in ex 
of thi! [a^ for an ii't^unl len^h ol Ftrajgbt 
|j|pr- Tftfila by Beijt ■ Indicato that tli^ 
|rH 0 a function of tbo fclati\ro rodiuj^ 
{R/d » N^nd mdiua ^ [lipo diainct-fr) 
and tlu^ n>it:|£biLi.'i^ of ibk." jaipo. Tlirou|i^h- 
oiit tht^ raikici^ of bi^ ittiLa, for Rcynolcb 
number^ vaning fmtn 20,000 to 300,000, 
he found that ibt' bervd loew was independ¬ 
ent of tbe Rtvvnolri^ uumbor, I’i^jun* 
63 w the eurvn plnttid by Boij f hrotiitli 
hin teiFt rmilli®. Tht^- Usdic run on 
-i'in, pipe having a roughne#® auch that 
the v&Iuc of/in tbu Darcy-Weifbaeh fomiultii varied fruni O.D20 to 0.025r The meaRi^r 
data available tndimte that vciy smooth pipe will haw values of Kt which are appeosq- 
mately 70 pertcnl of those given in Fig. ti3, vthih roughiT pipe will have correapondingly 
larger Values. 

Eramplr liJi Dctermiiie the pressun'' at point 2 of Fig. 03 if the presjurc at 1 is 20 pei. 
The avenige velocity nl 1 in 10 ft per nee,, dj J in. and dj is 10 i[». 

The BomouJii equation between pcLnta 1 and % taking the daluiu through the center 
of the pipe ia 

2if ir“2tf'^w''' *2p 

From tho equation ol continuity. 



JZ_ Radius of ben d 
d' Diam.ofprpc 

FlO,. EiirnD' fOfid in |iip« bend. 


^ m X 10 
" 100 


1.6 ft per sec 


From Table 14^ ^ 0.67, 

InaerthiR uumjiirical values in ihe BemoiiUi equation it tweatnaa 


Tlieu 


(i0)‘ 20 X m 

64.4 62.4 


‘i:!i>Vr! + 0 . 67 ^ 5 ^ 

UA 04.4 


nud 


£2 

IP 


45.7 ft 


p% * 2,910 3b per aq ft 


Hydraulic and Energy GradicutB, Lus^j= of head nits illustrated graphically in Fig. 64, 
which shows the of plpi« .4lf^^D of differi-Til dkuieterF connecting two nwen'oin* 

wid dbchnrffing undE-r thi.^ total head H. The peczonieUT Uilw^ m may Imvu any posi¬ 
tions in ibe pipe line- The locu,'! of the elcvutionft to which whU.t wdll rbe in such plcisoni- 
cter lubes! b tonned the hi/draulifi pradi'ent The hydraulic gradiem thus shows the pres- 
piurc head al any section of the pipe. The Imc showing fho prrasmv head phis the velocity 
heaii fkp-» ihc' iotal hi'ad) at any section of the pipe t^^rnaciil thi' Thi-^ 

two [mvn arc parallel fnr pipt¥ of onifomi dionn^ter but nnt for thotk- <4 varying. EliomE't^'r. 

^ ^ HtMwrrrrX 

U i'l 11 li TihIv- I uflU ^ 
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Thi‘ lews fiT heaii ilmi fficlion Hi in a pvtm of pip* i# ilwayn tbe drop (nf a 

pmcticAllv MfifttiJiE rat4>) in tln.^ eiKTgj- gnuUf’nt^ and for fAptiB of uniform diameter U uf 
iiJiAO the rlmp in thv hydraulic padient. 

At thr A, thp drop in thr hydraulic pndimt rtprcftcnia Un^ low of Iw^nd iit 

enlmnin^ plus thi.* iMrlocity ht^adu At B, win'iti Ibp pip** chmiift.'# to a Rnialler diameter^ 
the drop equals thr li>w uf hcjid due lo eontrtu'tion plu¥ the increase in velocity head. 
At Cf the pipe rJmnjp?* to a kr^^r ifiameter, and the hydraulic gradient tiscaf an amount 



FjU. 64r Hydraulk and v^aeffy irndienl^ 


equal to the decn^a^ in vtilumty hiiud mi niiH* t hi' Icwa* of hn-ad due to untarBemeiit. At t he 
outlet £>, ihen.'i m a Itfesa of hi^ corresponding lo tin? toss due in otilarg^-ment, and T-hc 
h>'flRtulir (gradient, k •nhKhtly lielovi' the water pujrfare to the resetviiir. A !<horl d^it-anee 
below the outlet, the hydranlie grudient eoinrHle^ with the winter suirfare^ as the velneity 
hiTnl U soon dissipated iti turbulencer The rnci^'' gradient Is alTected ouly by low of 
Ih^tird, not by in velocity head, f^ince tty.*n? can Iw no how without loss of headn 

the ener^" padicnl drops proftressively. Where them k only loss of bt=fld due to friction^ 
the drop Ut gnuluat, bul tbmu in an additional jd^rupt drop when' minor lotssie* occur* 
Pip* Syaloms* Proldiiiiifl involving Ilow in paraiJW pip*'?' cnaF he solved by mt ans of 
I he fol hming pri neiploH- Beeaust" ibe pi pes l>c‘idn and end ni a c^^miuon point p it folkwH 
ihat the pressLm^ drop muirt In* the i^ame in oaeh pipe, ft has pn^vioualy IxMm shoivn 
I hat for pipes of uniform riiajueter the enej^Ey low in ir<|Ufll U* tho drop in pressure head- 
Thefi.doR*, negli^ting ipitior lowes, it can be staled with n-fenince to Fijs^ G5 that 


f f 


(lay 


Fiitlhemione. the H-um of the disebarire* in ibe pnrailel pipes uiu^ be equal tn tlie diif- 



i harp‘ ill ihi- appmooh or outlet pipt', so fhai* for the syateni ghi^wn in FIje- liG. 

(Ji 4" 1137) 

Hiid 


u^rt “ oiT^ * + 04tb 


nmy 
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Flrwllyv lutrgjeciinK^ minar losse-:^ i|m^ total pmswurv dwp H niay be crvalu&tcd fdluw?: 


H-f '"^'4-/ ^*»*\, ^'** 


nm 


[f^ for ejcampl^v the value of H in. Fijf, (i5 \m knoim and it ia dkxin^ u> compute the 
diBchoj*^ UL eiieli pipc% Eq?^ (13d) and (139) to^^hef with t be tw equat ioos Khewn aa 
Eq. (ISS) provide tbe four equatiooB required fur the {h!terpiiruitIon of the four valued 
of avkiTnge wlueity. If jipeat rehuemeor is di^aiied, M'vi^r%l tiiab may ho r^ct'^iary m 
unJer to determitM^ the evaet vsdui’s of /. If on tht^ other hand tbe diik'hor^ through the 
system IB known and il iB dt^rvd to (itid //, Eq^. 1 13111, il37h fl38F woiitd first be 
Bolvqd for<?j, Qi. and elfkjr ht or *nie value of If w'outd then fH! detenninod from 
Eq. kny ylhiT .*^Ljituhle pipe formula might haw been i^trl in Eqp. M3fl) and 

1139 ). 

Probh'pu^ involvixiK a of thm pipes ^ueb ob h illLjBtmti^d by Fig. M may be 

pnivt'd by fijFt a^uniiitK thiii tfii^ prc^JiBure at the juuetion tif the throe pjpi'ii 10 jnich that 
there will be no flow into or out of the interm4^Jiate rewirvoir, Wiih r^'fi'n’iiipf* to Fus- fifi. 



Fsu, Gfl. dliur^htirHi eir nl diffErout elr^ntlona iu miikiiHaiud 


tbi* above aBBimiptiuu would n^iiure liiro dutJmrge in pipe 2. On the l>aabi of thiB 
sumption the dificbarKt! in pipes 1 and 3 may be detennined frajn F/i. (123) or any othi r 
pipe formula. If Qt is greater than Q^, fluw^ mujit be into a^eervw 2 and 

Qi ” Or +Qj (140) 

ff U ks&a than Eow Ib out of 2 and 

fl4l) 

The solution may then be ^mpletcd by queoeseivo approximationB, aBButnsng in eaeh 
iiSK either a value of the diacharec in om- of the pipe* or the pi^euf^^ at the jnnetloo 
of the three pip^, until Eq. (i40i or (141) is satisfied. 

FLOW Wrra A FREE SURFACE 

hJuEh of the wlteei wmk mi flow in E^ndiiita wa# applicable to optc chaimelB a^ wt'll 
as ppee. Tho Cht'iy formula |Eq. {m)h for example, has been used of much for tk 
diwgn nf BLWors and eanah oe for the deaign of pipta. This formula, with modification^ 
Whirh mil be difcuisertl ktrr. ie Blill u»d for rhe edution of open-ehaniie] probtoiiiB 
There iB 1m nii‘d for a knowli^di^i^ of the oEwrl of the fluid prapcrtii^ of openrchonm^l 
flow than, on pipe pritnatiLy becauBo the; opi'n-rhannel problems oncounterod in 
enc^nt-tfring work deal maiiily with wnter at artfinniy lejnpomlurta flowing undiT fully 
turbulent ™ditimw. In certain important oases, bowevorp a mom nsmprtbttunvi- 
UTulerstanding nf flow with a fw^ surface ia iata^Mvary. One such ckbc- is the flow eDcoun- 
lefvd in small-Bcale hydraulic modeL^. Another is tbe flnw in thin sboEta pindueed by 
rainfall on fiat surfnei.^, TbeBo and ut her inatanoos- are of stifficiEn-t importann^ t-o- war* 
rani a brief dlactiBEion of laminar Dow in eboniiels. 










FIvOW WITH A FREE SURFACE 
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L-aminar How vith M. SuificAx Thr i&w of EAmiitu’ fkm wiH) a fm nirfaef^ Tor 
the nase erf widt? rectangulnr chttufu'-t^ may la* devirlDpird in thi: aaiae manner tw finr pipi^p. 
CflnwdtT Lbt fna* taaly of fluid ?homi in Fi|f. ®7, havimt a width nf I a iength i, and a 



height ID — j^)h If ii m the Blopi+ nf the boitiim, the artmunatitiii tif fortu^ in tb' din^rtion 
of flow givra 

rf » wiD- y}Ui (1421 


fbpladng T with itp va 3 up fimni Eq. ( 3 ), rmrr&iiglDg ibe tenii», and Fimplifym^, the 
above rquation biMJomc^ 


and integmtfon ipvta* 



CN 3 ) 


a-w) 


The vaJui- of C in Eq> f 144) niiL^t be ^tq to ^tbfy tlm condiUnn that u - 0 when » 0, 
The imximum vehidty tnay be it^itained hy let ling thim 


Thr diiiebanse in oblmmal from a isuntmatipn nf Ismail of dif^h&rge, ulilixing 

I hi' value of u from Eq. f 144) as JoUpwa: 


from which 

3^ 

«nii the uvi'wgK velocity is 

Q tHl//' 


(J4IM 
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Fuully thi? Rery ttoldfi ntitnb4>r ( Dvp/^} kulv be in ifwiuwl to give 



It will ht recalled that in the difeiiAdati uf pip€» flow il wa^^ coovi-nient lo the 

Has^^^ii-PGiwaiUc bw for laminar flow iiitfi ihp form nf a eonuminly upcd turbulenf-flow 
fonuiila {I>arcy-WpM»arh). Tii thi? amop Hmuner Eq. <1401 mill be related to the Mail' 
idnK fummEa (p. 4-gO) for flow in open chaniu-b. WliPii daw is uniform, « and rbe 
Mannitig formula gives 

nV 

for nirttingylar ehaiuwk whicti hit widt- with iwspcet to their ihfplh, the hydniulie 
rmliuii i« owly cttual to tbu depth, Koptadni; t in the ahoeo e^raifiion with D and 
m'tUnif it equiU to the vilue of it pwn in Eq. (149), the rotlowing n-latian bptwwn ihu 
niij^niwi coeffinent *i, the dept h, and the Reynoldji oundjer io obtaini'd; 

n’ 0.2n» 

D**” R 


Thi? ivlBtion?liip ewjwponife ti> Eq, f 1241 (or flow in pipi-a. It i? plotted in Fiif. 08 



FlO, 68. Varintiaii of fougliiiesn roeltiHent witli rt<'>-niildA niuhhpj- for open rhunnpl*, 


toother with « number of pinm? dotorroined experimentally.« U wUI be Rein that the 
points pintled in Fig. 68 fallinr a trend similar to those for smooth pipes shown in Fig. 
(lU 

Tl«< tnmsition brtiwwn Isminw and tnriHilent flow takea pW in > iif ReviioUs 
tiumbcn. varyini; ftem «I0 to J ,20(1. TW %idues are appmxiinatelv otK-fotirth of tb- 
eortespoodittg VEdiaw far plpta fp. 4-63). which might have been expected be«u?i> valuw 
of Reynolds anniber for pipt^ bosi-d c* the hydtaulk radius W/4) rather than on the 
dianteter woutd be utiednurth us large as the values plotted in Fig. Ql. 

Turbulent Flow with a Free Surface. In the turbulent rati|p> the Matming formula 



















































































FLOW WITH A FREE SURFACE 4-77 


ifl UBcai Jiioat frLH[|iM+iitly.^ 

fortmilB 


Manning proposed I he falloning vaIuc of c In ihu Cheiy 


l.mr^ 

C “ - 

n 


tl5l) 


whi^re n ia th*: cwffifk'iit of rciughiMes[i liswJ ih iht^ iwlier Cranguilli^t-Kiitler for- 

Vii-liiiw of n ppepar^tl by Hnrton ■ jwv pvpii in Talak* W- 


TABUn IR llnRTlJS'tt ^"Al-tlHS OF n TM W|tH TMK FfHUlUL^i 


^urfaoe 

R.»)t 

Gnod 

Fair 

Bad 

V’^itri&xl jsetfLT pipt!, .. 

J0,0l0l 

0,011 

0.013 • 

0.015 

0.017 

rommod-^'liiy UntiiMtRt' iilis- 

O.Oii 

0.012 * 

0.014 * 

0.017 

CtlnzL-d brickwork. 

1 0,011 

0,012 

0,013- 

0.015 

lirirk in ceikiciit niorttir^ hn<ik sovvera 

0012 

D.0I3 

0.015 " 

0.017 

fffinmt HllrfjijndP.. 

0,0 LO 

0.011 

0.012 

0.013 

Cemcnl mortar surface . 

0,014 

0.012 

0.013* 

0.015 

Coivcrete pipe..... . . 

0.012 

0,013 

0.015'" 

0.010 

Wuod-AlaVft pipe. . 

Finnic Hum^: 

> 0.0 LO 

0.01 L 

0012 

0.013 

PUrnHj.. 

0,010 

0-012 • 

0,013 

0.014 

L-ripkned.... 

0.011 

0,013 ' 

0.014 

0.015 

Wii-li bulti^tkft..... ..... 

1 0.012 

0.015 * 

0.010 


CW'TPte-liinMi rhuaneh . 

0.012 

0.014 • 

D.Olis • 

0.018 

(VEKOist-rubble surface. 

0.017 

0020 

0,025 

0.030 

JJrv-'tubhlu eLUrfiw’e .. +,. . 

O.02.> 

fl.oao 

0,033 

0035 

J>rk'±w^-urihliir aurffiA-e. . .. = . . 

0.013 

0.014 

0.015 

0.017 

iwndcin'islnr motn] Btiiniv, smooth........... 

O-Oil 

0.012 

0.013 

0.015 

i^rrugutt^l...... . . ^ , 

Cniij&Lg liiid iUEehes: 

0.0225 

> 0 025 

0.0275 

' 0.030 

Earthp .4i|iuj$ht and uniform....,. . 

0.017 

0.020 

0.0225 • 

0.023 

ItrH’k PUtSv smooth aJttl uidfurfii . 

0 025 

0.030 

0 033 * 

0.035 

jugged and irregulnr .. 

0035 

0 040 

0045 


VVitidiiiE HliJgtfiMh cEiJinU. . , 

Dn'd-KiKl eailh t’llillinek . r ^ , 

CnnoJs with rtwjcli Btony lieda, weeds oei 

0.0225 

0,023 • 

0.0275 

0.030 

0.025 

0.0275 - 

0.030 

0.033 

ciirlh bjiikks. . _*.. 

O.Q2S 

0.030 

0.035 * 1 

D.OlO 

KnrlL bottotu^ rubble shli^ 

^altiraJ slreiiuk cluiiutela i; 

0.028 

0 030 * 

1 

0.033 * 

0.035 

1. Ck>unr Atniiidd l^aJikn full Aliige, no lifli? or 

0.025 

1 

0,{t2TS 



deep pHwdll - • , . r, -. 1- - - - ■ ^ - 

0.030 

0.1X13 

2. 1 :^ 111 ^ It but sonu* wi'tidM and stones... 

0.030 

0.033 

0.033 

0.040 

3. Winding, aoitie mid eleaEi... 

4. Same iii« 3, tower fitageSt more ineffi'i-Livi^ 

0033 

0035 

0040 

0.0-15 

slope and stM'iinrLH. + .. .... 

0.040 

l).(M5 

0.050 

0.056 

o. i^4iiiie m 3, AoiTu* wtHaLi and si ones..,. 

0,035 

OIMO 

0,045 

0.a50 

b. Ijibniie m 4, stony seetioiki*. 

I. SruKK^itk rivet reaches^ raibtT wi'edy or 
with very dve^t jxxjk... ■ - J 

0.015 

0.050 

0.055 

0.050 

0.050 

0.000 

0070 

0.080 

S, Vef>' weedy rvftL''hra. 

0.075 1 

0.100 

0.125 

0.150 


* V^JiiJjpp rg4iiQKi[il>' riwd jjk tlrtv^nilig. 


Tliif< rortinjla as U k lijtLiuliy wriltoii hi 


I Am 


H.H 


i\52a} 


* ±^jiibgti» ijjhhI ir ucmikrutiuLJirl rorUkiiLlf* anv Jr^pdi cq) p. A- 47 - 

If. w., of HycCiiiJici ■' 4th Ifry. 

* HoMIhijri. Jt £ 1 ,, Kabke BetU-r KutlC'F'^ Fftfinula CkfcetEtifiito. fin* Ae 


Frh, 34, AIa>‘ 4. tflajQL 
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HTUBAULICS 


Table 20. Valfes of K fob T£.VFE£oit>AL Cuanxels is the Foh.^i:m Q « — 

n 

D ^ ciopth Wat^r auil b » bottom ificJth of 


fcjjtio slopes of Liluuiooi, mUo of b4iqi^ont4iJ to viTticaJ 


D/b 

1 \*er- 

K-l 

J4-1 


i-J 


2-1 

2W-1 


4—1 

OM 

t46.8 

147.2 

H7.6 

1*18,0 

148.3 

148,8 

149.2 

149.5 

149 .9 

150,5 

a 02 

72.4 

72.9 

73.4 

1 73,7 

74.0 

74.5 

74-9 

75.3 

75,0 

76.3 

0.03 

47.0 

48.2 

48.6 

49.0 

4U.3 

40,8 

50.2 

50.6 

50.9 

51.6 

o.tw 

35.3 

35.8 

36.3 

36.6 

36,9 

37.4 

37.8 

38 2 

^,6 

3i),3 

0.05 

27.0 

2£l.4 

28,9 

29.2 

29,5 

30.0 

1 30.5 

30.9 

3L.2 

32.0 

Ode 

23.0 

23.5 

S3.9 

24.3 

24.6 

25.1 

25.5 

25,9 

26.3 

27.1 

0,07 

19.5 

20.0 

^,4 

20,8 

21,1 

2K0 

22.0 

22,4 

22.8 

23,0 

0.08 

10.8 

17.3 

17,8 

18.1 

18.4 

18-9 

19-4 

19,8 

20.2 

21.0 

0.0^1 

N.S 

15,3 

15,7 

16.1 

10.4 

16,9 

17.4 

17.8 

18,2 

19.0 

O.IO 

13.2 

13.7 

14,1 

14.4 

14.8 

15.3 

15.7 

16-2 

10,0 

17,4 

O.IJ 

11.33 

' 12.33 

1 12.76 

13.11 

33.42 

13.9 

14,4 

14.9 

15.3 

16.1 

0.12 

10.73 

11.33 

n.o5 

12.00 

12.31 

J2.8 

13,3 

13 8 

14.2 

15.0 

0.J3 

13.80 

10.2<) 

10.71 

11.00 

LL.37 

11.9 

12.4 

12,8 

L3.3 

14.1 

0.14 

)l.00 

0.49 

9.01 

10.26 

10.57 

Ll.l 

n.o 

12,0 

12.5 

1 13 4 

0.15 

S,32 

8.80 

0.22 

H,fi7 

9.88 

10.4 

10.9 

11,4 

11.8 

12.7 

o.m 

7,72 

8.20 

8.01 

8,90 

9.27 

9.81 

10.29 

10,16 

JL20 

12,1 

0.J7 1 

7,19 

7.67 

8.07 

' R.43 

8,74 

9.2g 

S+.7T 

10.22 

IQ. 68 

11.6 

o.ii 

fi.73 

7 19 

7.61 

7.96 

8.27 

S.81 

9,30^i 

9.76 

10.2! 

ll.l 

o.iy 

Ik.30 

6.78 

7.19 

7.54 

7.85 

8 39 

8.881 

9.34' 

9.81) 

10.7 

0.20 

5.144 1 

6.40 

0.81 

7.16 

7.47 

8.01 

8.50 

8.97 

9. 13 

10.3 

0 21 

5.60 

6.00 

6.47 

6 Si 

7.13 

1 7.67 

8, in 

8.03 

o.on 

10.00 

0.22 

5.30 

5,75 

6.1fp 

6.51 

0.S2 

7 - 3tv 

7.85 

8 , 3 a 

8.79 

■ U.70 

0.'23 

5.02 

5.47 

5.88 

0.22 

6.54 

7.08 

7,hi7 

8.04 

8.51 

. 9.43 

0.24 

4,77 

5.22 

5,62 

5.96 

6.28 

0.^. 

7.32 

7,79 

8.26 

9JS 

0.25 

4.54 

4,00 

5,38 

5.73 

6.04 

6.5S 

: 7.08 

7,56 

8.03 

8,95 

0.2ti 

4.32 

1.77 

5.16 

5.51 

5.82 

6.37 

6.87 

7.34 

7.81 

8.74 

0.27 

4.12 

4.57 

4.00 

5.31 

5,62 

U. IT 

6^67 

7.14 

7.62 

8,54 

0.^^ 

3 05 

4.38 

4.77 

0,32 

5,43 

5,98 

6.48] 

6.96 

7.43 

8.3ft 

0,iil 

3,(8 

4.20 

4.ft0 

d.1>5 

5 25 

5.81 

6.31 

6.79 

7,29 

8.19 

0.30 

3.52 

4.115 

' 4.44 

4.78 

5.00 

3.64 

0.15 

6,03 

7.11 

8.04 

0.31 

3.48 

3.61 

J.yj 

4 Ji3 

4.94 

5.49 

6,00 

G.48 

6.96 


0.32 

3,34 

3.76 

4.15 

4.49 

4 SO 

5 . 35 ! 

5-85 

0.34 

6.83 

7,75 

0.33 

3.21 

3.64 

4 02 

4.30 

4 IS7 

5 . 22 I 

5.73 

0,21 

6.69 

7.02 

0.34 

3.09 

3,51 

3,89 

4 23 

4.54 


5.60 

S.Of* 

6,57 

7.50 

0.35 

2,Ofi 

3-40 

3.78 

4.3 2 

4,13 

4.98 

5.49| 

5.97 

0,45 

7.31^ 

0.30 

2.88 

3.2lr 

3.67 

4.01 

4.32 

4,87 

5.38 

5.86 

0.34; 

7.28 

0.37 

2,78 

3 JO 

3, Of 

3.90 

4.21 

4,76 

5 27 

5.76 

6.24 

7.18 

0.38 

2.68 

3,WI 

3.47 

3.81 

4JI 

4,66 

5.17 

5.06 

6.14 

7.051 

D.31I 

2.59 

3,00 

3.3S 

3.71 

4.02 

4.5? 

5,08 

5 57 

6.05 

0.99 

o.m 

2.51 

2.02 

3.21J 

3.62 

3.93 

4.48 

4,99 

548 

5.96 

6*91 

0.41 

2.43 

2.83 

3.21 

3 

3.85 

4.40 

4.91 

5.40 

5.88 

6.83 

0.42 

2.36 

2.76 

3.13 

3.46 

3J7 

4.32 

4.83 

5.32 

5.80 

0,75 

0.^3 

2 . 2 *^ 

2.68 

3.05 

3.38 

3-651 

4.24 

4,75 

5.25 

5.73 

6,07 

0. II 

2.22 

2.61 

2.9S 

3.31 

3-02 

4. J7 

4,08 

5J7 

5.t)5 

6.00 

0.45 

2.15 

2.55 

2.91 

3 24 

3.55 

4.10 

4.01 

5Jl 

5.59 

6.51 
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20. VAii+BH Pi- K TftAfEKHPAt, jn thk FormuiiA Q = “ 


Sj( 1(? sJopi^s of channeK ratio of bomootal to v^ti^il 


D/b 

Ver- 


H-i 

1 ^^-l 

1-1 

IH-I 

1 

2H-1 

3-1 

4-1 

0.40 

2.01* 

3 43 

2.35 

3.18 

3.48 

4.04 

' 4.55 

5.04 

5.32 

' 6.47 

0.47 

2.03 

' 2.42 

2.70 

3.l£ 

3.42 

3.07 

f 4.10 

j 4.08 

5,-kt 

: 6.4! 

0,43 


, 2,35 

2*73 

3.00 

1 3.36 

3 01 

4.42 

1 4.02 

5.40 

6.35 

0,40 

I.U3 

2.31 

2,5“ 

3.0*) 

' 3.30 

3.S5 

4,37 

4.86 

5.34 

6.21» 

o.ao 

1.87 

2.2<] 

2.01 

2.1H 

3.25 

3.80 

4.31 

4.8t 

5.20 

6.24 

0.5L 

1.S2 

2.20 

2.56 

2M 

' 3.10 

3.75 

4.^1 

4.75 

5.24 

6.111 

0,52 

1.78 

2.1U 

£.51 

2 84 

3.14 

1 3,70 

4.21 

4.70 

S.I9 

6.14 

0.53 

1.73 

2Al 

2.46 

2.70 

3.(Hi 

3,05 

4.16 

4.65 

S.14 

! ii.oti 

0.54 

t.m 

2.m 

2.42 

2.74 

3.05 

3.60 

4.11 

4.6L 

5,00 

; is.m 

0.55 

K8S 

2.02 

2.37 

2 70 

3.00 

3.55 

4.07 

4.36 

5,03 

«,(10 

o.sc 

1.6J 

i.m 

2.33 

2 m 

2.SH5 

3.51 

4.02 

K,'>‘2 5,0D 


0.57 

1.57 

1,04 

2.2V* 

2.61 

2.01 

3.47 

3.08 

4.JS; 4,y0 

5.1+2 

O.oS 

1,58 

I.MO 

2^25 

2.57 

2.87 

3.43 

3.94 

4.44 

4,02 

5.SS 

0.50 

I.5D 

1.30 

2.21 

2.53 

2.83 

3 30 

3.00 

4.40 

4.88 

5.S4 

a.oo 

L.46 

1.S3 

2.17 

2.50 

2,80 

3,^ 

3,8Ci 

4,36 

4.85 

5.SO 

0.61 

1.43 

1,70 

2.U 

2.40 

2.76 

3.31 

3.83 

4.32 

4,81 

5,715 

0.fi2 

1.40 

1.78 

: 2.H 

2.43 

2.73 

3.28 

3.70 

4,20 

4.77. 

£.73 

0,03 

1.37 

' 1.73 

2.07 

2.30 

2.60 

3.24 

3.7(^ 

4,25 

4.74 

a.aip 

0.04 

1.34 

1,70 

2.01 

2.30 

2.6*1 

3.21 

3.72 

4.22 

4.71 


0.65 

1 31 

1.67 

2.01 

2.33 

2 63 

3.18 

3.69 

4.10 

i 4.68 

5.5'.3 

O.tiO 

1.2S 

l.l>l 

1.118 

2.30 

2. m 

3 IS 

3.iHi 

4,16' 4.i>l 

5.60 

o.or 

1.26 

l.OL 

1.115 

2,27 

2 57 

3 IS 

3.63 

4.13; 

4.61 

5.,>7 

D.OS 

1.23 1 

I.5S 

lAj2 

2.24 

2,.>1 

3, Oil 

3,60 

4.10i 

4.50 

5.54 

o.m 

1.21 

I.SO 1 

l.Si* 

2.21 

2 51 , 

3.06 

3.58 

4.07 

4.56 

5.52 

0.70 

1.18 

1.53 

1,87 

2!To 

2.48 

3.03 

3.55 

4.04 

4.53^ 

S.41I 

IK 7^ 

L.16 

1.51 

1.84 

2. EO 

2.46 

3.01 

3.52 

4.02 

4.SO 

5-46 

0.72 

1.14 

1.48 

L.82 

2. ta 

2.43 

2.i#8 

3.451 

3.1H+! 

4.48 

5, 14 

0.73 

1.12 

1 . 4li 

1.70 

2. Li 

2.41 

2.S111 

3.47i 

3.5)7: 

4.45 

5,4L 

0.74 

1 . 10 

1.44 

1.77 

2.Oil 

2.38 

2.03 

3.45 

3,i34i 

4,43 

5.39 

0,75 

IM 

1.41 

1.75 1 

2. {Hi 

2 m 

2 01 

3 42 

3.92| 

4. 11 

5.36 

0.76 

1.050 

1.311 

1.73 

2.04 

2,33 

2.8S 

3,40 

a.tKj 

4.3S 

5,34 

0.77 

1 037 

1.37 

1.70 

2 02 

2.31 

2.86 

3,38 

3.87 

4.36i 

5.32 

0.78 

1.018 

K35 

1 .6S 

2 00 

2.24 

2.84 

3.35 

3.85 

4.34‘ 

5.30 

0.70 

1.0DD 

1.33 

i,m 

1,07 

2.27 

2.82 

3.33| 

3.83 

4.32 

5.28 

0.^ 

0.^182 

1.31 

K64 

1,115 

2.25 , 

2 80 

3.31! 

3.81 

4.30 

3.2ti 

0.82 

O.lMtl 

1.28 

l.liO 

1.02 

2.21 

2.76 

3.27i 

3.77, 

4.26 

5.22 

0-84 

0,017 

1.24 

1,57 

t.S8 

2.ir 

2.72 

3.^; 

3.73! 

4.22 

5.18 

0,81^ 

0.887 

1.21 

1.53 

1.84 

2.14 

2.68 

3.20 

3.70 

4.18| 

5.14 

0.8S 

0.8^ 

1 . 18 

1.50 

1 81 

2.10 

2.65 

3.16i 

3.19}^ 

1.15 

5,11 

O.W 

0.831 

1.15 

1.17 

1.78 

2 o: 

2.62 

3.131 

1 

3 (13 

4. 12; 

5.07 


0.805 

L.12 

1.44 

t.75 

2.r>4 

2.58 

3.10 

3.60 

4*o«; 

5.04 

0 5H 

0.T8I 

1,10 

1-41 

1.72 

2,01 

2.55i 

3.0;! 

3.57 

4.05; 

a, 01 

O.iHi 

0.758 

1,07 

1.3:* 

1.611 

1.LI8 

2.53 

3.01! 

3.54 

4.03! 

4.518 

0,i|8 

0.730 

1.05 

1.3*1 

1,6*1 

1.05 

2.50 

3.01' 

3.5! 

4.Q0| 

4,96 

KOD 

0.714 

1.02 

L34 

1.114 

K03 

2 47i 

2.fiO> 

3.48 

3.97| 

4.93 

4 

- + ■ 1 1 

0.001 

0.274 

0.500 

0,743 

1 

1.74 

2.23 

2.71 

3.fi7 












































4-SO HVDEAtTLIC& 

It MB Jitpo bp tr(iiufp€»ed to th^ roSl&Hinis Tgrcn^T 


Q m or^* ^ 

n 


("»>’ 

* “ 2.2Q$2r^ 

urn 

<ng)’ 

2.a082r«o» 

{laid) 


Tn Eq. for i^iiniUir ftw value of ibfi PX[H¥4<don Titriw 

AH t hi- Piichl -t hirdis power of curre^nd mg lineur dimeiiHiorui. 11 can be writli-n 

in I he c^quivakiit forni 

<?“—ft*‘**^ (isaa) 


fCp wbkb ta tcnmxl t he fii»char(fi* /actffT^ liepeuibi for vaEiie ob the miio i]f the 
depth of water to eome nther iliie&r dinu^rkiuou cif the trtHs fli.>ction, 

F-nr trufK^ioidaJ ehaimt^Ls fmcltidmiE irettaii|^oi&r aiuj Lrianeular Bectiona) 


uaH(i + *y‘ 
^ + 2 VTT^y* 


rt53!ij 


when? X » D/b m ratie of depth of water to kwttoni width of th&impi (Fig. fV9) and 
f - e/d * mde slop™ of chaiinid, ratio homontal to vertkiii. TftKIie 20 eonlidti»$ 
viduee of K conwipondiiiK to D/k for vaiitrUfl dde Blopce.’* 








Fro, TmpejiOlHfiil ^rarml M<^.|jqrp, 


Valin* of K for cirrular mnduit^ flowing partly full, n)rr?«|>ondiiig lo difTen^nt mtio? 
of depth of water to diAnirti?r of romiuir, jut given in Tfihb 21. 


EsQtnjyle 20: IhMermiire I he widt h of trapii^Dkkl eonmtc-lined f'hunnel nH^tiirwi 
to rarn- 2f>0 ™ ft per nt a depth qf 4 ft. ITie eliannel has a pmJe of 1 ft per 1,000 ft 
and ride iilopesfl of 1 to 1. 

The value of a from Table JO h 0,014. Srdvlng for K In Eq. fl53a}^ 


Fnjqi Table 20 . 


and 


200X0.0 14 

“ " 40.3 X o.oaid ■ ^ ^ 
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0.S2S 
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D 

0.325 


4.85 ft 


> fDT lJ«^ ifprti ahmneM Mfr by in "H*nilhi»L oj 
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Tablk 21, Vam^ea ok K koh CiSu:l l^B Vhankels is the FotEXCM Q - 
D ^ dppth af wtttKf and d «» iliiiiiw^tifj- of tlibUiiiLd 


DM 

0.00 

0-01 

002 

0.03 

0.04 

005 

0.06 

0.07 

a(Ri 

0,0!» 

D.O 


1&.02 

10.50 

8,57 

7.38 

0.55 

595 

‘ 5.47 

Q.OS 

4.78 

0.L 


4.2.> 

4.04 

3.gt} 

3.09 

3.54 

3.41 

3.28 

3 IT 

3.09 

0.2 

2.W 

2,S7 

270 

2,71 

2.<i3 

2.56 

2.49 

2.42 

2.36 

2.30 

0.3 

2.25 

2.20 

2.M 

2m 

2.05 

2.00 

U9ti 

L92 

1.87 

1.84 

0.4 

1.80 

t."rt 

1.72 

1,09 

\m 

Lh2 

IJ9 

1,50 

1.53 

1.50 

0-5 

1.470 

1.112 

1.415 

J.3BS 

1,362 

L336 

1 3LL 

L280 1 

; l,2t!2 

1,238 

QM 

L2lo 

1.1'J2 

1.170 

i.ys 

1.128 

1.105 

1.084 

1.064 I 

J.Q^ 

IJ023 

0.7 

3.004 

0.11^ 

1 0.065 

0.1447 

O.SP25 

0.910 

0.8! H 

0,874 

0.S56 

0.838 

m 

O.^J 

0.801 

0,757 

0.770 

’ 0,753 

0J36 

0.720 

0.703 

0.687 

0,670 

«, 

O.b.'U 

0.637 ; 

0.621 

0.6CM 

0.5^ 

0.571 

0553 

0.535 

0.010 

0.496 

l.O 

0.403 











Sei^tian of Createst Efllciencf. Tlii^ frtwn wLiub of gfvalA-tiT- hydraulic ^ffidency 
b thti oEiL' that, for n given slop? aatl hkm, hatn the dtuxiiniiM CApAnty mad 
ihe^ »bort«wt m«UA-d pt^iriini-ler- This t^n be seen froni im eo.miiiiitioTi of ( I 52fe) 
fp. 4-SO). Tboy^b there are usuftHy pmctieal ohjedioiLs to nnioi; tht^ tbeorelicAlly mnfii 
effiry^ni iH^tlun, partieolarly for efnth eoiiab^, the iiitnetiL'dutkJujf HUch scetiorL*^ i^houhi b^- 
ht^own imd adtu^rod to elwaely m condjlioiii* appeiw Eo inastify. 

iyf d] possible citfsf ^^tkone for QptYn chiUiTieM, for a ipviiu iin^ the BDioicirele hji^ the 
-diortest perinw^ler ftiid thft?rcfore the hiRhe^t hydrniitlr eMeiuney. Tbe hidf hexaipoo 
hftg the ofErit'fiev of all irapemidDl sieetioiw. The n^rtauigular ik-tition of higlvsst 

efficiency lian a depih of watsT ♦'spiaJ to oiie-lialf lb*' width. .\ ipraeral eKpreisdon for 
wfithni [M^rinn'ti’r of a tfapeEolJAl wet ion (hoc Fig. for noiiiiaieluttiro) can be expn.'^eed 
in terms of b/D and s ■* f/D Ttkc finst d^irivative of ihh* fspre^iian with n'srpect to 
b/D equated to lera nMluce^ to the folbwtng formula for fjetenniiiijig tha- diim^iuiiom of 
the mwt eWinent trapfiolilal aertirm: 

b - IDiVi -ff - i] 


Tr angd tiruiB in Open ChAimels. I is optm chHiinels^ tliert' are |o«*ea cont-^poiiding to 
minor lot»ea in pipes; byt. wboie vmei Howsi wiLh a free surfuns ikny eofidition produdng 
H of head a ilrop la water surface I hat mM pmvidixl for in de^ignlag 

thtt ehtuujeL Also, whertsver a changi^ in wluciTy !iemn=, the dcsiKii must previde for 
tile change in walir'fftirfacv elevation reiiulritig from different in wloeity heads. The 
short tt'ftelies of ehanmd tliat are itwil to coaiiL^^t coniluitK of difrureiit form are termed 
frianjifiTon ^fryrfi^res. Kjounpliii' art the eaiiiinetions^ fnitwiNMi llmai-^ atiii eaiuils. Klptn.ins 
and ranals, tunnels and ranala, and i^nalB of diifen-nt iTUf^-st^etioiud area. It is usually 
important to kwp of head at (m-niiitiuna tis small practicable. 

If a conduit earthing water with a volooity pi chanip^is to a enrnlkr enis^ wet ion in 
whieh the vel<wity b p, the total dn>p in water aurfare 


h 





(155) 


Thi- iiia.tiinuiLi Value tif tin* i^adEi lent may h^y aj^ grea* a 2 i 0.5, (Sr- vaJm^ fur nhajp- 
rt tfnered odlraiicH^ to iHFR-r^ p- f 71 )h but thi^ Value ran he p^r^iitly n'^hnn'iJ by prnjK-r 
design, k sholihl Fh- noteil, hiweVer^ I Hid even wirh J&^rn thire is still a rimp in wafer 
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HYUKAUUC^ 


mdoffo eqimi to iht: in vi'lwit-y hcadi<- irb of chi! utmost ImporLanev thal 

ibis drop in wsittr ikirfiiw? bp piu^idpd for in di-^^ignins^ tr&n^llions. \f tbo ilotfli&ritp h 
from a tv^rvcAt or othor body of f^JniintmiivLly stil! wott-r* Ps may be iHjiiiFidi'nAl epm. 
If a eoudkiit canyinis aati-r milh & vt-Jocily v chiLuges to a Lafitur cro«s ^tiun in wbieh 
the %tbcit_v la ti, tJi* total rwe in water surfaeo ie 


h 


e _ .. /r _ 

2f 2fi * \2j sj/ 


(156> 


If ihp trtmsitioEi is made abntptly, approaches unity, making k approx-Emately i^ro 
\mF of head due to t;*nlar|fiPtfH'!rLt in pippa, p, In a propei’ly denj^pieri traivdllun, 

bowevpr+ a lar^ff part of th« diffomnw;! in vplority b-ads fan be ronvprti^ into viatic 
head- 

Propt-riy and improja^rty de^ipied trianfitions are illu>^tralod in Fig- 70, This drawing 
m reproduced from a papot by Iliiidb ^ rlo.fcnbiTi§; in dr tail practices in the Bureau 



g!-?* ^V‘20 

o-eop ssc.fr 


An^fur 
mrfar Si^face. 
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kSpy'f/tffli/ jM/# 


Fjo^ 70, Trali:4itiuo atrycturiM in ofn-n chana*Lii, 

of Keckmktion. IF ihc chaD^ in uvcUon ie artompliiibi-<l irith otnuRhi pitkp, u «h(iwn 
to the left in the ERure, there i» an aiif^iUir ehaiii^ in water .xyrface wimre the tniwilion 
endt! whwh produce* turbulenre and reoulte b Icm* of hewl. fn n proporlv 
trnnirition, chown to ttip right- b (he fiKure, the «at(’r iHirface i» a ttmooth eontinuou# 
curtv ftpprojcimiitiOy taogient to the water ^urfaM** in the two clunneU There are no 
fi^ed nile» for deKi£tiiDg imiuiitioiu. A aatmfseiory water euriaee ean be (uwumed. and 
then »ttiirtiire climeiuioiui am he computed to eonfemt. Inlet and outlet *tructure» <for 
conttaclion or exjM&jiion uf jrtream) may be pven the eaiu« form of trandtion. The 
valur of A'c [Eq. (I&5)| in a well-deiiened inlet may be Tee* than Q.fth. and a value of 0,1 
ia nifefof UM In dwtBnbg. A',. Eq, <156), fnr a well-dwigm-d outlet ie likelv to be lew 
than 0.1, and a valui.^ of 0.2 h safe for li«l> in dt^igning. 

Information which is useful for the desigii of tranrilion* for hipth-^eiodty flow ha* been 
reported by a numiKJ- of 

Obstnietioas and Bends in Open Channels. Ohslnjetions to flow in opeu chaODels 
ntay be taused by aubmeiip^d wcIm and gah-». which are irenu^d io earlier artielcs {see 
pp. •!- tiO luid 4- 35). Other common obiri ruction* are piiMB and abutmenta, which produce 
toeae* of head resemblitiK tmiwition ktasce. di«cribod in the preceding article. Such 
kxnre may Iw dividi-d into ihnio parts: (1) the tiansition Tons where the ehnnnel chunges 
(o the reduced section; (2) the inereiaiw in friction kuw. due to higher veloeity between 

’ The Hy4ni»)k riwtp. of nom* and IVamiiiiMn, TVo**. ASCiS, to). 02. tflaS. Thh nna, ■Ue 

«)»■ many riananlg «f tnnotion tinciuna «iiud tp Sittermt o.D 4 ltiia>i;. 

'*"'^** Velocity non b OiHw Cbuiheb, A Sympo- 



































FLOW WITH A FREE (SURFACE 
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m a 




pwm; juid (ft) m iTiLC^itioD iosa wh^r^ the ehonuLd 

rhfmi^ hirC^k la nutmai Ktlion. Eqiuiti&n# 1]S&) imii 
i Appljr Vi cU^tji'nnmiiii; toiaefi at tht Lwip uath^ of 
pif^n urnrl nb^iint^iit#. it l» prob&ljlc» Xhul Aiid A"^ 
cjui bt‘ kt'pt to DJ Und 0.2 rvspi"«?tHhLdy hy comful 
Fl>r cnnien^, tJiriy limy upprCuich D.£ luiJ uiiTly, 

BjcrerinienU by NnEk^r ^ «1 ili w^xl tuodi.d A 7J) to 
prodm?!* A nurumum larbulutire, mcMix-d B prio¬ 

ri uei^d i^xtVL^ve ty-i+mdurn^^ 

TW lonfs of ht? 4 x| dur tu cum^ or blrwi^ Lo opi'n 
rhaniH^lH irt amaW if velociijtM air toir^ arid oj^iaanly 
no x^rreetion if nmde for ibifi loss are 

frequent and ihnrp, if vdocitwa aJp rplaJivrly highp 
a greater ilope fhoukl be provldt'd for omiiTd rt'ttrhw 
than for tangrints. It is common lo altofr for io«p oI 
head at eurvee in selecting lU?. couffiLwnt n for the 
Kutter or Muining formulafi. Tim of ihc 

value of n fbould be miide only after rarefuJ ponfidef' 
atiun of all conditions ami a study of available v^perimental datar 
Stages of Equal Energy. AmUOiv water to be flowing in an open channel. Fig, 72, 
at s depth D and mean volocity », Tin* energy hj-ad if* at any given crewfl seetion or 

the energj' per pound of wate^^ referred to 
tb*‘ bottom of the channel, hi 




71. Modeb 


/mfllilHjJ 
of tiridaT 


— — —=J 


L luwsr sfags j , 

1 

11 



T 

Fin. 72- Drit;itliii ot equal En«TO% 


- A-b 




057) 


or, for a diichaige C ita a channel of ctchth 
secllonal nrm a. 


n. 




im) 


The emre Fbown in Hg. 713 ia a graph of 
Eq. <157) Of (158) for a TeetangLilnr rhannO of unit widl h whh //^ a ponalant 

value of 10. In thta case, a ^ i>. If appviiesi from the ctirvo that them an^ two di^ptlis 
dluidral^ mspteflvely by £>aiid Du Fig 72, at w hich any given diifchat^: wdJI flow with 
the eir^lvctcd enurKV' head or, what ij^ the same thing, wdth the isaine cnnleiit of 
energy. For example, if the diffeharm^ ficr foot oT tvidlli ( 1)1 = 50, t he deptfut of iNiital 
discharge aa dcUTmined frntri a salutioii ttf Kq- il58.i art rwpectively 9.5S aiid 2.24. 
This quantity of water cannot flow m this rhannel wdfh this energj’ head at any oiht'C 
depth. It appears that «u Qi inerenia-a the two depths at which tJu' water has the mine 
energj" content approach each other. Tbvy reach a eonunon valmf of wlien. — 
97. 7. For any gn^ter Qu fht^ vwIum of D given by F^. (158J Ik come inuiKJJTjary. Thw 
Ib iheft-^ore the diathurgi* porwible in thbf chaBnel wdth Nt “ U1. The depth at 

which maximum dL^haigv occiin* h temuxl crihfMt tlfpih. 

\ graph of (157) or 1158) with the dii^rliarge piT foot of width givi^ii a conslant 
valu.- of 50, ifl nhown in Fig 74. From thbi curve, it tluil, wilhiti the limits in- 

dieated, for any given dssetmrjp.\ there an' two depth.-i at whieh fhr inu-iKy wilt be the 
Mine- As Ht decn'asds, ibi^ two deptlw of cfpmt ejuTKy approaeh eiudi othiu^, and they 
reaeh a common value of 4-27 w hi;n //, dJO, Thii in the Diiniiiium inerg.v head with 


i BridBtf Piffl to &f W'aier. Tm*, vaI, BS, IftlA. Tti* |j*^ cgdi^ «- 
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HYDKAULltS 


wbbh 50 cu rt ptr see oin Hjijw in tbU ebflLnni’l. Tbij di'^pth of 4/2? ft, the eriti^al iJcpih, 
is thi;p: aIso thi'< ckipth ol mmimum enen^cy. DitLKnhnei of MiiiilAT form ahJ extiibilmf!; bll 
ih^. clmfiieteriMdw 7^ Ami 74 nm bi- catistrtictfHi for bjiv ahapt^ of cluuioi-l. 



Oi^Pitcharyi per Foal Wtdih Hf=E>iirq,]f Htsd 

Fto. 73. Gmph or a^> «itli /f^ - IQ ft. Fio. 74. Gmpli of E^. {ISA) witb Qi ^ m v^K 


CHHcoJ Dopth. .\s illQirtnittKl ii^p 04 ;tEvi'k by Figs- 73 and 74 , erideaJ dupth can be 
defined as ( 1 ) the depth at whitli, for a given energy eonlent of ibc w^ater in a cAanneh 
maximum dkeheuie occum; or f 2 ) tbo depth at wbieh in a given ehannel a gi^'eo quantltj 
of water flown niih the miniMUjii ciintcint of encTgy. It wiiJ be absL'rved frofii Fig. T 4 
tlut at or iii'ar critical depth a relatively Jarg? changii^ in depth eorreiponiis to a relatiirly 
^mali change in energy'. Flow In this region la ittendore quite imstable^ as Is usually ht^ 
dicated by characteristic water-surface unJulalianfi. 

TbEtre followB- a derivation of a eritenon for determining wbet^ m Juiy given c^ hnri mil, 
flow octtirs at entieal dcplb. Equation {158) can be written 

+ i | (15S 


In this eqilation, f/, m the rncricy Uiaid, ^ Is the maximum depth of waleip Q is the diJi- 
ehargf, and n Is the croaft-iwctiofuil area of the etreaim a is a function of Eq. 

can bn whiten 





2j7 


(m) 


For any given dafehargF.\ eriticaJ depth is tin? deplh at which //■ is a minlmunL An 
exprvH^ioti for critical depth is ihua obtaiiMid hy differentiating tb^ above situation with 
nwpeci to D and equating to Thimp 


fW) 0- 

From Fig. 75, if 7^ id the lop width of the erww Bcetion of the streamH An « and 

in the Umil 


da/TdD 

























































FLOW Wl^rii A FREE SURFACE 


4r^ 


ThMcfore, Jiq. {!«)) mn bt HTitten 


T 

1 -I - -0 


r 




ir H?e cull fl/r the ftw^Aifc depth i>„, Et|. (162J ran be eicpfisspi>d 


#1* * 
fffl* (T 


(161) 

{im 

(163) 


EquAtioiiA (163) and (J 62) are geikeraJ and appli^bte tq nil i-haiintd^. Tht^^ Indicate 
the relation hetwceiii cfwm section and dbachar^e that 
nmel exirt for flow to occur at critical depth, t^periai \] 
forcflulafc for flow al critical depth in a g^ven form of 
ehatinel am obtniiied by e^pfftwiang o and T or a and 
D* in \erms of d±cat<neton«. apphnng to the ponkuliir 
eroKe scctlour 

iSceftwoT. A rectsUXffuJar chanUL't ha? a Fiu. 75.0|>en rbnniiri Hecllon. 

depth of water D eC|tJal to the mean depth and a 

bottom width freciual to the top width T. For dilj crows mxtim, ftom Eqe. (1621 and 

am, 

F* 



and 


/>c -- 


n Q| is iht; liiarhjiTgg per fool wiiltli of (tlalinol, 




and 


Q, - 

F« any rwtaiiuulflr chiuuKl nf wMlh b (ff - 32,16). the diwhufse ie 

g .. 

KUmimitihB a U»m Eqs. tl 64 ) and ( 166 ). if flaw w nC sritiwl depth, 

r - 

//, - !ia 

a - Hfi. 

Mulwtitutitie this vwluu of Df in (167), 

<?, - Vf 

□r fw any nttariipjlar ehantiul uf B'idtb b (5 “ 32,13), if U! at eritteal doptH, thi' 

o-iomtH," (m, 


From Ecje. (157) ood (164)* 

and 


atH) 

(165) 

(166) 
(167) 

(It®) 

im\ 

flTO} 

(171) 

(172) 
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HTBRAtrUCfl 


Trapej^kkU Tbc nhuwn in Pig. OD hiifi m depth D and 

bott^im with &. The ratio* hod:iGantHl to vertical, of the i^lopp of thti jkiea of thij ehaiuiel 
ifi z. HxpEfr^ng the mean depth in (163) in termij of ebantHd dkneiuatjijid, we 
obtain the following relations betw'een tihtical dt'pth Di^ twmfi voloeity p; 


and 


h ^ 6 

P w J±±j^ . ^i>. 


Abd, in tercild of cHLtcal depLll jilid difiehiUKO, 

b + 2*JJ, 


0/ - 


(1 + 




{174J 

{I7b] 

fI7S) 

(177) 


Prom Rqji. (137) nJul (If>3). cj’-Xpn.'aaiag in icma of choiuml tlunf-ndons, 

3b + 5iJ>i 


II,- 


or, in the InmapOneil fonn 


2b + -IzD^ 


tJ, 


't 

^gff. - 36 + VUirll/ + lOitfJb + 


10c 


(173) 


(179) 


Tf and cbaitncl dimemions are huown, the nh^va vainer of substituted in {JT7) wilt 
givn Q. 

Fmw reetangles and triangles arc special ca»es of tta|H.^zuids^ the fomier having 
z « 6 and the latter 6 » 0^ formulas applying to sections at these forms can be obtained 
frniu (t74) to (17i) by suhstituting tbe proper vidue in c^tuAtion and fiducing. 
The solution of the critkaldepth equations for trapf soidal channels, as well as similar 
relationships for eimilAr and paraholic ehannoU^ may crimplihod by uiioaiis of ap- 
propdate tatilr?/® 

Critical Slope. Unifurtn flaw' al criiltmi depth will occur when the (p^le or alopt? of 
lh& elianncl b just equal to the \tm of head per foot msuEtitig from flow' at this depth. 
In any ehaniud far any ipveii discharge there is one grade that will maintain linlform 
flow ex critical depth. This b termed the criiimf sfep^. For any grade flat ter or steeper 
I ban eriticai slope, the depth oJ flow wilt he reapectivoly Rri>fltcT or leas than critical 
depth. 

In cfljHw wbeft' noiuLniform (aceelerated) flow passes through the critical stage, eritical 
depth will occur at the Hcelion at which the energy' gradiEiiit has critic^ slope. The 
Approximate position of the section whei^ Eritical ifepth will occur can thus usually be 
pr^ieted. Examplcf* of flow pacing through critical stags am? contamed in the following 


pagea. 

^substituting the value of in terma of jD,, giT.-^n by Eq. {l^} in {I62t) and reducing, 
we ha\'e 


tf 




aeoj 


1 Kiwa, IL ^’ILuuibwil aJ 4Ui ed.. iWSl. 
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tn xltuM t^iiAtion, tf ia the critieaJ alopep r ie tbf bydriAtllic w the mean depth 

q\ ehaoiU'l, and n k the eoefhdent of rou^neiu in the formula- Since a? varkrj> 

At the Aqimie of thk coefficient, slopes computed by Eq. (180) likely to show con- 
fidemble VAriAUCQ from actuat canilitions. 

In^Asc of Slope or Section, The chjumel illteftratod In Fsg. 76a haa n gnidually 
increjsjfdti^ ppiylc. At ,4^ where critical niope i}€cux»^ tbr actimJ energy gra£lient coinddea 
aith the fiiliiilniiim enor^.^ i^mdientp and ffuw ia at rritloaJ depth. 

The ehauneL j^hown in Fi^. 76h hin=i an abrupt ehanite at E to u grade ii^^ator ihan 
eritiiaJ atcipe. Upstream fmin E whore the f^de k less than crittcal slope, the water 
surface drope faster than the omal bottom ic critical depth It cannot drop below 



Fio. 7S. Hkftinplea of dow at criUcid depth 


critical depth sinee thk k the stage ciF minjmnro encrg>' and njiy further ilL'cn-aaie in 
depth would ie£|iiire the addition of energy frotn an outride source. If the J^radc down¬ 
stream from ^ k critical slope, flow will be uniform and at critical depth; otherwis& it 
Hill be aceetcraTod and at less than criiical di?pth. 

H a channel having a constant gmde tlkal is h'ss thjui critical plupt* suddenEy expands 
to a sufficiE^ntly ipumt nidlh, coftrJiliotui contmlling ihc water su^fAK^ upsiream from ifui 
scelion whi-iv thi; espanrion hegiiis are much thi^ fiamt’ as tbose upstream, from the abrupt 
change hi slope. ]ii eaeh case, removal of nstriction coucea tb? water to accelerate, 
and criricnl depth will be at the place where tht? ctuiage in channel tondilioELc occur. 
Below thk E^ectioo, as the stream erpanflN in width them k a ci^rrTsjKinding decrtaise in 
ikplh which causes the water to diSL'liarge umhjT an incoiasisd head and prndtirea an ae- 
o.^teraling velocity^ 

Chaonel Entrance. The source of Jtupply may be either a njaervtur or another ehaiim-l 
whotn? isUige is grt^ater than critical depth. ITie cntraticc shown in Fig. 77 k rcjundcd so 
HJ* to redurt^ losxtos of head- Tht^ enji*r>^ hiivd is and the head under whteh water 
enteni the chanii«i is A - ^ bung di'pth of wati-r ami A the diRiwen^t^ in 

lev-el betm>f>n tb^ rta'^y gntdient anii the water surface ju-^t downs! n^ani from tht? 
CrtfroPirf drop The fJkehaffKe Into the channel is 

<J - aV2Sl7/. - tlSl) 

a Wing the area of the emsH soction at which D is measured. For a rectangular entrarure 
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thi- pur fsKit icktEiL b 


bydraulzcs 


Q, « DVl^dL - m 

if Lhi! clmkirjul tt gmdt^ to or grriittir than ttitiuai p1opt% discheUipp al 

critical duptb and D beeonips Dt. Actual dbeharps vdW sSwa^-s he PKinw^what liw thais 
ihe throrpttcml dbehitri^^ given hy ibe abnvi^ formula?. 



CoiifitrictioaB, Curve? of the ?hom) In Fig. 74 tu shmw the effect of a 
in n ehafttit! on the WAlei^tFurfaci^ profile. In Fig. 78 i? fltiiiwii the rvflulf of rAi^ing 
the bottom 0.^ ft in a rvetan^lar c hann el in which the ck>pth wm origiruilly creator 
than cfilieal depth. XefJeeting coergj- which am mbtivdy small for a pmoothly 

rounded riflc^ raising the hotioni reduce# the specific Ami thus reduce# the depth 

from 0.0 ft Ip 0.63 ll with ihi* nv^ltlng water'Purface profile iihown. The Ainpimt of 
Additional risi^ iA™§flary to caU#*? flow' At critical <lepth is indicaled by thi* daubed Une^ 



Fio, 78r Flow over ri» in ehafiliel hottemu 


A eonatdcrmtirDi^ of Fig^ 7S will ahnn' that, if the originnl di'pth were ba# than a 
riae in the bottom w'ould caii?e au incrcAae in depth, thus pro^luetn^ a ptandii^K W'ave. 
Wave# of this type may be ohAerved when^wr witer flowj* swiftly over a rocky atreani 
bed, 

if the riK? \b carried beyond itwj pdnt shown by the ciasbid }\m- (Fig, 7ft), hDckwamr 
niwfl uceiir becAmw tho minimum vnhie of speeifle enetKy bA? been reached. Under 
lh#f^ condition# critical <ll^plh will ntiil oceur and a hydraulic jtimp will be formied below 
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tJiv rae A& Fhown in Fi*. 70- cij Ui^ lyi*-' are ralkii crifiiii/ d^h m^m 

nnd are freqututly u^ed for eLl^ eilwharigt^ iti ti|M;ti dhtutni^l'^, A ptaisi’ w 

upetreatn from tbe riw? to ifurtymre thii di'pth H, pliowti ju Fi}?. 70. This vaiui^ w iiisteftiKl 
into Eq, fi73) t* obtain a first iriid value of the dUrh»f|^n Eiastd on tbif vaJiHi of Q, 
an approidmate value of n and ri^/20 ran t» eompiited. TJm? sei^f^nd %'atup of Q ia com¬ 



puted on tbc hm^i of /f. * // + P|*/2fl. .Several m« of romptitations are usually re- 
(tuired in order t* di termiTie an e-wt ais^m-er. It u impoasihlc to tpeaKure dircrtly 
because Jtv exact lacaLioii is not ktiown. 

In Fig. a njrve uf tke type shrswEi in Fiff- 73 ufeti to ilhititraie th*' effect of a ron- 
AtTiCfiofl in the channel width on the wttter-?urface profile when the orlg^na] depth wtis 
l^ter than The coast net ion increases the dbHeliar^- per foot wEillh, thu# causing 



Q^40 cfs 

Fio- Flow pjwt a eonstrictiOH Eu ehaniH*! width. 


the depth to dt'crease. If the onginal depth had ticlow critied, it may be wen 
from Fig, «0 that a conislriction would Inerts- tht^ depth. 

GradireUy Varied Flow. A immbtT of cases of rapidly vary'ioR iioiiUiiiform flow hav^' 
been diwjuwBcd under transttiuiifl and coast rictiona. In this siL'elinfi tbi' type of accelerated 
nr retarded flaw w hieh often extends over long rEack^ nf ckinnd wiil be liiscuswd. The 
Ih'rnnulli conslant as given by Bq, (.3fl) may fs' written as folloisa for open ehajmels. 

fi-^+li+s (I®) 

3ii 
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FLOW W[TH A FREE SURFACE 4^91 

The vd Ilea in £q. (]S3> are ahuwii KAphlcBlly in I1|t. SJ, DUferantiatinn witli mpeci 
to cliaiiince (Jniijt din chaiuiel t kivcb 

dli , do dt , ^ ^ 


Uu^ negative aigiw being included jh> tlu&l rJawnTfetreJ slopctf in the diiecLion of Gon- m&y 
he con-^dered to bo positive. For the poftiriilar caso of & wide leeUnguJor cJumncl, 
V ^ Qi/D and 

dr dn: p&Vr d±- 



Al&o, dil/dx y the fflupe of ibe eBdjiiey gmdii^nt t and ds/dx is tbe ilope of the bottom 
ii- TLd" gujii,»fml differentiaj equntion for nommifonn flaw in wide reclangnlftr ehamii'y 
may ttow be obtained by inserting the sdwve 
valMos in Eq, C1S4) and nearninElng terms. 

Hum 

* (iS 5 ) 


dx 1 — c^/g£J 

Whi^n Gow b uniform, the channel bottom and 
the energ5? graditMit are paralli-l Hi » j} and 
dD/dx becomtas tens. Wheii Sow h at critical 
depth, 1^/gD » 1 [Eq. (1G4>| unJ dD/dx ib In- 
Gjiity + While t hia latter oonditJon \b obviously 
not attained^ Sow at Dc b iharaeleriatl by 
a wavy aurface. A Hurful tftifdy of Eq. (lS5i 
will obow 12 po6Rhle n^giimita of Gow bb illiiis- 
trated by Fig, 82. The acheme fur idtijitifyiag 
the voiioiyt regimea U patterned after that 
UmhI by BiLkbmeteffJ in Fig- 82, Di y ttu‘ 
depih of normfd or uniform Gow, i.Cr, the depth 
at which the enoi^v gradtEnt^ the water sur¬ 
face^ Old the chnime] bottom are parallel. 

PeterminaGoa of llie Waler-snifaca Proile. 
EQuation (JS5) ii not in a convenient form 
For the computaimn of backwater or aeceler- 
ated-Sow prufUea- tf for c^ilhcr of the profik^ 

Mhown in Fig. 83 the Benioulli equation ifi written 
folluwdng e3ipre«aiun iia obtainL»i. 



FlO, 8:^. Profile through Open c:hftlitle]. 


from point I to point 2, the 


ikilvingfor f. 


^ + Pi H- jjf =■ ^ + Pj 4- ti 




ti ^ t 


tj - a 


(183) 


flST) 


All cjcomiiiation of Eq. {tS7) In conned ion with Fig. S3 will show that when y greater 
than /i|, y grpnter than t and when fh y Icfw than /fi, «i ia Wiv than with the result 
that the value of 1 is alnwye positive. 

> BAxaKararr, B. A, 'Mlydniqna ^ Opm duuneli,'' IKIlL 
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tlVDRAUL|C& 


The. of t in Eq. (187) u dctcrmmcd ftom tbe Manning forraul* [Eq, (1534)] 
iifriiiK thr AWtofn' depth in lW T™;k Alibnugh tbn Manning rnnnula was derived for 
imiforta flow, U Wn fmiiul that ii givps ajainfae^orj' for gnMiintlly varied 

flow^ provided thMt rciactK?fl (kjf=i kcpl short. Tt w difficuil to give a nilv eonceming the 
m^iximurp length of rvmh Id be ui^ed. In genora] it may be stated that velocity chaEipfOS 
should not exoeed 20 pertaent nar shmi3d the rhange in de|Jt h he cnore ihnM I f l. The most 
direct method of imng £q. (i8Tr iis to eonipule the dlrttancr froio notiie known depth tg 
^me other as^nH-^ depth- Haiiing determined t froui the averuge cundition^^ I may 
be determined directly. H the length d the reach and the depth at one end are known, 
the depth at the other end mu^ be determined by sncceniave approrimatlona. The 
latter method \» for natund streama where It \k nt.'cenmry to compute the depth al 
picdetenmned sertionsi. 

Ceuml with Steep Slope, [f water entere a raiut] ^Tom u reservoir or ftoni uLoutfaur 
canal in which t he velDcity of approai-h ia hiw. than the velocity at critiea] depth and c bo 
alope jj of the rt'oeiving channel hi jfreater than critical slope, water will enter the retKiT- 



Fin. profile throuith chnond haeinit rttwp Hlep#, 


ing channel under cenditiona of imutimum discharge, i.e., at mtiral ckipth- If the' 
entrance h&a a rectangular cruffiscclian, dbehorge \m ffiwn by Eq. (173) (p- ^-85)* For a 
trapcrtotfloJ rhanmh the H-Jigehargu ran he. obtained bv irutntitutirk|{ thi' value of ft^-en 
b_v Eq. (170) m Eq, (177), 

If It ia rx»qLiired to dcrign a canal with ateep slope to carry a given discharge^, the c-n- 
trance liinM^nsionn for flow at critical depth are finit determined, juuJ computations for 
auccessiVEt n^ckot^ (a, b, etc., Rg. Sd'i nm then be made. bi?inre the velocity is JiccE^lcral- 
ing, fmcccsHiveJy HUkalh>^r cnwfi sections of camd will be- required. From flS7)* tb- 
dertariCC to any Mumed cross fleetioTi tan bo dctcmiiDod After the dimensians at the 
lower end of reach a have boon decided on, thh FcctitFn can he taken an the upper end of 
reach b. GoiiipLJtattoiuH for reai-hcM b, c, d, etc., procec^J the same aj^ fur reach n. If ex¬ 
tended far enough, tho chanoeL will approAch a ininiinuni cress section ib^ dimemrions 
of which ran be dclermined ftmn the Marosing formula tsre p. ^-77). 

Short Canal with Flat Slope. A short catial with unrestricted outlet ^ Huch as might be 
Ufled o!* tt spillway for a rt^rvoir, k jdiowa In Fig. gS. If tbs slope of tho bnitom nf the 
lanal is gnliter than critical tlopu, disciuirgi.' k diUrmiruKi by conditionB at the intake 
and i» IndeiariHlent fif thi^ ^Inpe. This ca^e k ih^«cribed in the preceding paragmpk If 
the cauaj doci Hut haw dope enough to com- water at eriticoJ depth, flow at critical 
depth pe uceurti a short dlirtance upstn^m from ihv outlet. The diMhaf^' under thc 3 ^• 
condiriorui must lie dcterminEd by trial aoltitiofiji as followa: 

A tlirtchargc Q u fltnl mounted. Diaehargjt- at intake is a functioTi of A - - f)* 

(bw p -1- S7) Freni the givim entrance Eiimeafiotui, h is eomiRited for the aauumffi Q, 
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ivnd Dt tilth mitbel u eomputc'd fpQm tJ6lM or (177>. THeI ekfvttlioiw of 

at f hi' twi^ C'Uik uf the rimnne) can now be eiuterniJiiefl By dividing the rhaitnel 
into B5 many n^aehf^w as may be futicJ neft'ssary' nnrl iLiitiR Bq. PS7)'| the ^lope ol wbUt 
F urfaec can bt? computeij. Trial snlutton^ are ronlmtHKl mitU the nisj^un^ direhange ie 
flueh that llie computi'd valui^H of iiJid h |iqve The ulope of water mjrfaee required for 
thiH dEwhaq^e. 



FjOd S5 h Can nl with fljn 4 lo|jte^ 


Hydraulic Jump. It Jia? Ijeen ebots'u on p. 4-S3 that, when water m flowing iu an 
open ohatinel at any depth olhor lhau erill(;al tiepEh. there fs auothfjr depth or at 
nhieh thLt qucuitity of abater will Imw the «iine content of enerKii” and ihat at nJI Inters 
medialo atagir^ the cuer^' content is Jeiw Ehan for theft? two deplhfi^ Water s^nol be 
made to ehangt^ nbiuptly either from one staice of tiquaJ encqtj' lo the other or froni the 
higher fitage to a dtjpth titan critical dcpih- Water Unwiag at a depth lc€^ than eriti- 
ftkl depth will, under certain enndition^, rhanip* suddenly to a depth gfeater Lhan critical 
depth but less than the other depth of equal energt^ ThiH oliaiig^* nf etage producea a 
Alqii'oaiv^ commimly called the hydraulic jump.' A hydraijhc jump tt'ill occur 

only where water flowing at a iXepth thau critical depth eotera a i?iream having a 
^ope less than critical slope- U ia commonly ulisierved where water, after paaidug at high 
velocity over the spillway of a dam {Fig, 88)» encoiuitera the ttul wntqr^ 





Fjn, W. llyrlmiiUe jump. 


Aa shown in Fig. Sfl, water flowing w ith a velocity Fi ami depth Dt jumps to a dcptJi 
£>3 with a corresponding wloelty V*. In all ca^, /3^i ia leas than critical depths and Dt 
ip gri'ater than critical depth hut Ipfw thaii ihu ilepth al which the en.crtO'’ content of llw* 
walef is the same ap for depth f^i.. There Li thup a hiss of energy (or bead) in lb& jnmp-r 
fn a short interval of iiiue. the mofw of wator abed moves to the position and in 
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HYDRA UOCS 


rhaxkgin^ positioni^ loeei muth maim^ntiim. Ati^Ltrdjtijf t« Ncwtnd'a Kcodd l&w of motim 
the r&te of loss of luomirnttiin muiit bv dquaj to tbr imb^aJicvd force acting cn Llie moving 
moBS to itlArd ilA motion. Otherwise elated, tbii unbal&nned force mufft equaJ the rate 
in change of momentum. C^oMdering the imthnlanced force F acting on the mast^ if for 
the time the rate of dLschaj-nrEi being Q and the mit weight of water ic* 


F 


' 9 


{im 


The unbaluici-d force hi the cLLffcruocc! between the byifmetaUc forces oorreapomliog to 
the depths and or, fur niictangtilar chann^k p. -^H}^ 


l>2^ fJru? 
2 ^ 


im) 


EcmatiiLR the values of ^ in 08S) and (ISS) and anbetitutuig FiDi for Q and VxDffDz 
for Fj in (1S3) and uoducing. 


r,* 


g<fi, + o,) 


(]U0) 


The solution of Eq. (190) for Dz fives 




j 3Fi^5r ~5? 

2 \ p "*"4 


iKiniliu-ly, from Eq, (IW after eubetitotinf Vzfli/Dx for 


am} 


i>i - 



am 


Equation (191) give* the depth of water after a jump in rertangular channel^ where Fi 
and are known. Equation |19SF i? useful in determining tbfl position of the jump 
where Fj and D* are kuowTL More giwra] relatlonrilupe which are applicable to 
ehonneU of any croM-aectioEial iihape can fre derived in a similar maimiirr* 

PofiitioD of Jump. Hyditiulie jump enn occur only whi^n waiter ffowing below critical 
fttage eatens a channel in which low^ i>i normally alH>ve critical stage and where the rt*- 
qaireiuentit expressed by Eqs. < ISL) nr (19(2'! can U' fulSIled. If at imtrrnice the normal 
deplh exceedfl the Upper Cull jugate depth^ there can bo no jump. If thia nOflTUll depth 
is leas than the upper cod jugate depth, tluj stream will continue in the lower stage until^ 
through kws of hi^ad nnd conM^uent iaereaso in depths Di and ora brought into oon- 
jugate positions and ibe jump must occur, fn paji«(iiif ihrough the jump^ the flow cnay 
ehan^^ abruptly from nonurififortn to U-nifunn or frotn uniform to nununironii+ or it may 
be nonuniform both before and oftui' th^i jump. The uvdhod of deti'fwiining the position 
of the jump for each of these three eonditioiis is diPciiEKed below. 

A fwsp where normniform flO'W la^eomes uniform ofU^r the jump is diuisjtrHtcd Uv Figi 
87. A given dinrhonp^ Q *!nlers a canal of unifuim crc»s section tlirmigh the gate G al 
1™ than critical Htaige, ihi^ jpude of the canal being W than critical nbpe utkI the unU 
form flow drplh Dm tMiing hw than the upper conjugate depth eorn-vpondinK to that at 
which Water enters the caiiaJ. Mind- the gnuli” of the caital in not suff!ck!Di to irom pem^te 
for loss of twad dm* to frictkih, the water Itiereaties Ui depth as it passes duwiectn!>ari:i from 
Gf and the waler mjrface fllopc^ upward. A jump will occur at the seetioti where the 
depth Di becumen the lower conjiipite di^ptb corresponding to Dj. Since and ore 
known, i>i con be computed from formula (192) for reetanguhir chanuels. With the 
I Sum. it, '“UHidliMk id Hjdrmuliea,” 4iii iMt 
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vekMHt^r ami dt^pth at Q known, tbt^ diptan^ dowiurtttsam from li» to tba wtirni nf 
depth Di, wJiiEfti ihu jump oeeura^ rnn be obtained frotn Eq. (1S7>. If the veloHty chan^.‘ 
in not t*q fo-ai, to»i|mtatiD!ut may be iiiai;le far the inojido o'aeh; otherwise ihe diptanef 
should be dividfid into two or more reacbi'#. Fm the eam'' wbeji? ibe umfomi flow depth 
ia greater than the Upper tonjuipile depths the jump will d-ffwii out the jet and move 



FlO, ST* Hydraulic jump downvlrefurp from gale. 


up to the gpte. The solution of the problem under such eouditiona ii dcpcribetl ebe- 
where.^ 

Uniform flow chaiigt:^ abniptiy in u hydraulic jump to normniform flow' when a channel 
having a ETjadL' »t€,vper than ciitkaJ slope (eee Fig. 83) encoutUerB liackwater. In this 
caac, by a method cairc^poudlni to that described above for computing D%i if Dj and Q 
aft' kuawn, Di can he coEujHiteii from formuJa (.l^t) for nictanpLlar channels; the dis- 
tariCT,* Tjfwtn'a.m from thit dam to the section of depth Di, whvfe the jump occurs^ can bo 
obtained from Eq+ (lS7b 

An e^nimple of nofiuniform flow' occiming both before fuid after a jump is affoithd by 
the overflow dam illuslmted in Fig. SS- The slope of the apron L» insufflctcnt to provide 



Fw. SS. H> drauhe jump dcwnUrcam from spiliwiy. 


for loss of head due to friction befom tbe jumpp but it m more than tuflicient after the 
jump. In both cases, thernforLS the dcptlw inemiae with the distance doiv^nstream and 
flow ia nonunifoim. To determine the position < 1 ! tin* junipj the discharge Q must be 
known, arvd data must be nvailatile for determimng the profile of water suirface in the 
higher stage projected aoua' diatanoe upstream from the place w'heic the jump will occur. 
The water surface in fhe lower fitPire jclusi be cotnpuUid downstream from a known 
di,‘ptb^ as from the toe of the dam, to a place beyond the position of the Jump. Trial 
values of fh Jihould be cnmpuletl for three wetiuos a, 6, and c which will loeato three 
points b\ and e to w hieh the water must jump at the nripeeUve eertionl^. One of the 
pointa shoiild be on oppt>HiU* side of the jump from ibe other two^ and| prefcraljlyp 

i Kiho, II. ^'EfudtKK^li qf Hyctfflulici." ith S-U. I*W- 










i-m 


yes 


tbe^ mkldhr peint ^huukl t» mmr tb« junap- Thv. iuu^rhe^tifiit of the lloe^ o'frV wilh 
lii^thur wiiter-fturfftce profit Ibe pneilion of the jump. 

Rt^finuJiK'nl m ^mipurtiTjoiis for deUTinimn# thi* po«iLiuii of thi* iuinp not jiyttiG^d, 
loi«f of bc!Bid VMim na thi; of tht? coeffirieiat of nju^biiE»« u, fortmilti 

Add trnins in cMl imatuii^ itn valud hiv mognifH;^ vhim tht* compuiiKl loc« gI boad k nub- 
^liluto^l tn fonnuk ' ISTJ. It also should bc' umfenit^xd llijvt the Jump dow not ocm^ot st 
n crofis Eirflion, ni! hast Wn hut ihnt it has itsuaJly, Jiceording pjcpi^rijDi'als 

hy BalchmE'ti'fl imd Mntjcki-,* a lErngth of four lu bvi* tlnu.^ the dopth nftor jump, An * 
m&ttor of i^vFctaurbn, m d«LJi^Eitii|^ nprons or otbi-r }(tniipturfii< Up eromon, tin' 

oamputiaJ pcjjtitiotk k^hould bt* tbc! i>L^miin£ of tlii^ jump with the find about 

fjullK'r d,owtuitmam_ 

Abrupt Irtnalntary Waves. The gate O fFIg. 89} coatroiH the oDtiiLhee of water into 
ramO of rectnngnlar ifiofition which ha^ boeii cnrr^'Ln^ 0i <^U fn-r stst pfr ft width 
of chaiindd nl a dk^plh Di nnd ^^elocity Vi. The Kate opeidtiK bf EiHi^udwd to 1 m? suddenly 



FlG-8tl. Abrupt wmre travelirijt d(iwEi.iii™ni. 


iiten^nHsd ifu^dently to inrn-aae the diiclifii.tK 3 ' per fixkt width tn Qt. Thk cau^ an 
abrupt of aech^lenitjoii to travel down the eaiial. IJpsi tyam from the wa^e, tbi! 
modifyinK elfectj!: of frielion and ehannol elope bctoi; ongketi'd, caeh eroes section ha^ 
the BAine depth Ih and the Hwiie velocity Dowtuitrwn from the wave^ the depth Di 
ami the velofity V% remuJn the sarur a^ before lha a^lditionaJ water wsta Mdmitted. 

Condition# at the end of 1 sec are illuBtrated in llu^ figure. The aecvleratuig watfi\ 
which travels with a vekwity r*, is at a distjmh' r* lielow the gate. During the htvi 
secHmd of inereftsed ^bsi-hurgis the lotal volunu- uf water that fintered the canal wa# 
Qi « Ds f'V Thw voIumL^ is rvpo'w-nted in ihr figure hy ib- area dbrd. The IncrenSL^ 
in volume over that which w'Ould have ptisse^J thrtiunb the gate in its ori^nsJ podtiou, 
or Qa ^ (?ip in rppnsNcnted by ibi urea poised alfcbraically^ 

- DO (lB3i 

□r alter aulwtittititig FjDj and ViDi rorpi-cti^^ly forQj andf^i and transpcHHing, 

V'l - (/JiV, + E/JC, - DivJ) ^ (IW) 

Df 

The mam of Water ddig fFig, 89) bus hail ita velocity inerYaaod from Ft to Fs, and it# 
EuuaiL-Dtuzxi ba# tb^reby laim increased. Tbe muss being caJhjd the unhnhuiceci 
force to rhajige the monwritutzi in 1 is 

F - .mv, - r,j - 0 - 

ff 

4 ^ A., inti A. K. AI^TTCa 'J^« JLIik 1 |i m 'I'tthm rif Ir Wiififildf^tVp TVflw*- 
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Thp mibaJ^ndvd force ii ^uaI to 
ihp ili'plhfl D« AJvi Djy or 


thf? HiifiTiHnf¥» in bydcTHttitk pnutiiiiff cciT»ponclinK to 


~Y~ ~ 2 




i>|ii 4 LLnf{ ibe viLluefl of F in (f^> ajid flSMi) *nd irdyriupt, 


2Dj 


Uh- 


m - iW - ri)(r* - V0 


^ubsUCJutmi; Vt from {l^W> mud mttldn^ iilpebriiie tran^oriDAtloru?, 




(len 


{ItBi 


The MimJJArity of Bq&. {W) ittid (ISS) pbuws* thul the hydrauitc jump and abrupt 
biLury wave aie different nupiifeislBtionj* iif the patine pliEUomenun. 

Eqtiatton (lefi) eim also he writlen 

r* “ ^^^2 ^ i ^) ^ ^ ^ 

For the cftse itlMtrated in Fjjt- the Ripr befon? the fadieal is positive. From E<i. 
with Vu £>i, and i)j known^ T be vrlocit y of the wo™ oflc lie detenuined. If the diffierertrH- 
N-twwm fh and X>i ij* in eompariBon with fh, Eq. becomes approidnmttly 


Thlp appro.vimiiU- rormuln W long. be«n known and ia commonly u#cd. It w inteneating 
to note liiat. with Vx “ tV Eq. (300) bprotma iiJL-ntLeal with (16Si (p. 4-851, the formula 
for vvlnrity correspoiKling to a given critical depth. 

If Ui iii Eq. (109) 13 sero, becomes jnanite^ This means that tb^^rn can no abrupt 
wav'c whtm waler i§ ffuddi^nJy arlmilte*! into an empty channel. It has been commonly 
olmervi>d that, following the faiintr of a tlaiiL tbi- Bppnjachiyf in the form of a "wbU"' 
of water. Thw eli«rr\'atinn: ran he ccirrept only to the estent that an ubn^pt wave forms 
to aooolerai-t^ (he water nlo^ady in the Htrcani. The height of wavi? depends Oo the rfoplh 
of water in the rlkannel bcfti^rt^ the Di4l4jitioikal water amves, 

Tlu^ ct^mpli'tc i^Eution of a probl™ uf the type illurtralwj in Fig. ^ requiiiw thnt^ 
for givi?n of ^1 and the depth />j A3 wtII fw iJh^ velocity of the wav« be dt^ter* 

minifd. By eliminating Vm fnjjn Etjs. 0^} and (1981 and subatitntihg Qt/Dx for the 
fullnwiiig n^lalion is <d}tain{‘!i].: 

- Di^ifh - W (2011 

\lJt th/ 

This equation can be stih-ed by trial for Dt, and then p« can bo ubtaimid from Ef|. (199). 
It win usually ht^ i?a-ler^ however, (193) and (198) Pimultaneously by trial min- 

tions for Vw rnirl Dm. 

ff instead of the gate bt'iiiK itpened fnstantaiieou.^v, as indicaied in F7g. 89, !l is 
opened gradually, tbi^ additioEtal water can bo assurntnl to pass dow^ the chimnel in a 
sprka of wAvm a, b. t, dp etc. (Fig. 90). lh«^ ileptlw of water at thfi^e waviw laing rrspets 
tively /><,, Db, etc., nnd velodties in the chaimel nt the wavi^, l\, Ft, K, eto. The 
velocity of wTive a, frtim Hlq. (200)p fs d" ^ ^ wavi‘ h b + h*, ete. 

JSinoe tW depth at any wave is greater than the di^pth at the wave oeitt below ii, the 
velocity of any wave Is gn^ter than thi' vekwily the wavi' rwst bidew (t. Each wave 
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thcn?^^^^p teniii lo ovt?TtaJkp tb? wftve^^ fmthtr dpwiw!ti™iii mmi iq bec^ilw pnw'esmvi'ly 
tttiort^^r. If fontinusi fur Lnmifih. nil thv j^mal] wavfw wUl mmhini? into oms kripr 
wnvi*. The temkncy* tben^on.% w for flow ultiiualdy to ivrrm with one abnint wnve, m 
miidtr&ted in lljC- even whi'n th& gate is Oi>iriw>tl grfl4u4*lh% 



The etnerfll pHneiptea Hpplyiog to sudden iocrrai#i? in dlBchArgc at l-hu intake of a 
cbannel apply ahso to sudden decreauie in dbeharge at tb? outlet. Tb* bttoi- caae in 
iUiiatruted in Fir. 9U The gate G eunlrtils ihi- dkcSml^o ffom the lyiiud whi^h has bi'en 
carrying Qi oi It por sec per ft widih of channel at n depth Di and velocity Vh Tb^ gale 
opening iB assumed to be rafduced inatantaneoualyH and the dischajfge per fool width of 
channel to be redueed then^by to Q-r An abmpt wave of deceWllon travels up the 
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canal with a vidocily PowKulieajn frotii thi> wavi.\ frielion anil ehAnn4!-l j^Iopo lLx4n^ 
Doghtclcfl, ettch cn 3 #s fMft?lioo hiut thi'! saiiic depth and the Same velocity Ti. Ujietrettm 
from tbe was'E, the ik-pth Di and the velocity T| n:mdin the sanit^ as before the; flow w’as 
reduced. The hgure illustrates comiUtltiiis at the end of 1 sec. From principles aimJugi’rLUi 
to thewe dwcribcul for a wav? tfaveliiu? downstfeam^ the followLne fonnitta,«H correepomi- 
idg respectively to (1901, (lO^X afid apply to an abrupt wave traveling upstteam: 


” Os “ Pw(fJs “ ^-h) 

(2QZ) 

F-mn 

(303; 


P»i> 


Id Ibw formulaa, the numi-rtcal vnJur only of hf cotundered. If velaritiiv. in the 
dliectioo of flow are taken as poiitive^ p# whett t rankling upstream h misalive. Con* 
sideird in this wuy^ Eqs. {1A3) to 1^1) are gi^neral ami apply to nil nhnjpl. wav^^- For 
wavi^ travelinR downirtrenm^ the iign before 1 hr nwitcal m Ec|s. (IflO) ami 1200) is posr- 
tivoi wavK^ tra^'t.ding ujwtrvaTn, thi^ sign is negnlive. 

Ri-gAftling wuvi-t* of fcransiatinn^ in gi^nernh it may he stated that an arceleraling 
(or decelerating j wave forms in a channid wbent^ver the disrharne is suddi^ly changed 
Behind thia wave, the water immediately acquires a m^w' di^pth and new vciocily cor- 





















flow with a fres surface 4-&fl 

nvpoodintc to the discharet. If ihe chiinge in <Jiaehiu*D a<t* to iiiiMnaM- tlw depth, 
the WBW h«s Bti abrupt f»™ and U in nsnJity a travrlinft hydniutir jinitp- If the ehutip 
in ili!H:har0' acts to di-eTwnne the di-ptb, I he waw h»» a alopma faw* The latter ea« is 
dimiMttl in the folluwin* pwapjnipb. 

Stgping Traaslatofy Wnses. The (tatc C (Pig. »2) cuntrob the entrance of water into 
a canal uf tvctanpilar crow section which ha* been carrying <?. cu ft per aw per ft witlf h 
of chaniK'l at a depth £», aiui vchieity Vt- The gate opcoitm isaMunud to bn dccmaaed 
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iiulantaiieously inillicienl to decreaBe ihc diseh^ per foot width of channel to Qi- 
Thia rauws a sloping wave of decrlcration (Fig. 921 to travel down the canal- 
atnsain from tf, tb' effects of friction amf chatmel slope being neglected, each cross section 
has the saiitt* depth Di and the aiuue velocity I'l. I>oiii‘iJBtit»in fn«u fc, the depth Dt 
aiui the vidocity i'l remain the same as befo» the Bow was ntiuml. Between a and h. 
U FtilHn proi^K^, 

Conditions at the end of 2 *« nre illustrated in the figure. The line fg, which rep- 
reiwnta the mean portion of the wave, i« jm drawn that the area nw/ - W- The nw-an 
velocilv of till' wave in r„- During the fin*t second of drereaaed discharge-, lb; volume of 
water that entered the canal wasQi - TiOi- The dem'ase in volume from that which 
would have pasaed through the Bale in it* oti^uuJ poritioa is 

Qi - Qi - r-(Oi - 

Asiuming that the mas* of water efc/ (Pig. ftJ) tus» had its velocity reduced from 1", to 
I'l and following the method described in the ptrceding article for abrupt wavw. we 
luhvic __ 

+ M + (3O0J 

The assumption-i made in derivinif Et,. (2001 depart widely from actual conditioM for 
large difference* In depth, and for ihLs reason tb; formula m not *en,«il!y apphoble. 
In the limiting condition, for wave* of infinilestnial height. the diffemiice between, actuat 
nihl assumed conditions di-sappeara, and the velorily of the wave is 

Pr ^ + P . (207) 

in which P and V are respectively the depth and vtlority of water. 

The wave in Fig 92 can be aesiuwd to be made up of an infinite number of small 
wave* (unpoaite but miuilar to Fig. 90) of which the bnllmi. wave hns a velocity p, - 
±Vpft + Vi and the top wAve a velocity as ” ±Valh + Fa. If a stnughMine 
variation betaxva r, and r* ic asHiiroed, the mimn velocity of the wavn- i* 

c. “ 4- rtl " W(±V^Di + Fi ± + r*) (208) 

Since D, b greater than Di, H b groater than p* tatonnediate velocities also decteasu 
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%ilh. thi> di;plh, $\npfs of tb.* fuce thfirpfciim ducrt^tLseis with ihe dii^fjanrai^ thjtt tlit? 
•K^Yu travelB. At tb imil d 4 sl*c+ ibe wflvt* Imfi Lht^ puititicpii a*b\ After A^hurt time, 
tiw; wavp caxi be dwct^rryMi ci|fll_v by a gradu&K kiwerinR of ibe wMler sturfaec. Fw tb- 
illturtmiixJ Ln Fig. 02^ if Telocilbi* In the direct ion d fluw an* called potfiiive and vvlocitiiM 
in tb? uppuedle dimrticin jufgallvE, the idgn before lb radiefil U ptwiUve. For a sloplna 
wave tmveliitg upetEeam, ^eh aa wmiltl ha produced if the gale ^pe^f^K m Hg- 91 were 
suddenly itiertaBcd intend of being suddenly reduced^ the nign bernre tbi radical i# 
liegalive, 

^ince tb wave ha^ a etirv^wi faei% Eep t 20 S) iis not exact. It hii^^ hQweyejr, the ad¬ 
vantage nf bciiiig ifimple of applir^atiEin and will b found exact enough fcir □rdituiry 
problem^), Tlw aimultanjeous ^clulign of Equ- ( 205 ? anil ( 20 fl) for givun values uf 
Dt ajid Qi ipve f>[ and aho, Ca And be abtained^ 

Linutation^ of Wave Formulns^ In devidopitig the abut^' rxpm^ioiid for wavi‘5, the 
effect of Pib-ar irtreaM^ at the hountlfliies hjw in>gh!eLf>d. For *fiTmll wavert the ?beaT 
efforts are wghidble and wav'cs will travel grt*at dlataneep at the vdoefti^ jpven by tW 
above formubui. For larger waves the eneigj' cil’^dpatinn ijf mueK greater and ibe effect 
of friction in modifying the origmal velocity and b-lght of the wave h mor^ proiii>uinx-i;ir 
It is Important lo keep m mind that tb^ eketchiTfl upem which the wave derivatiuif; 
Were based piclnm eoniiilione as they might 1 or 2 sec after the formation of the 
w^ve. It ill quite Likely that after several seconds have elapsed the picture would be 
entirely diffenint^ Tlte %'ebdty bjuI depth after the fonnation of the wfave as given by 
the abow formulas me obviously of only Eerapcjrar>' duration because flow mus^i even¬ 
tually become irtabk- m accordance with tb^ inlet and outbt conditions and the Manning 
formula. It may take minutes or even hours for a rompletely stable coudition to develop 
booiuse of the tocuriviice of nifk-eEtd wave?. 

DYNAB5IC ACTION OF FLOWING WATER 
Force Exerted by JeL A consi&nt force F acEing in tby direction of the orijdnid 
veloriiy during a period i upou a mass Af ebingi^ii Hit’ m(?menium of the nmsfl from 
Mp(t to Afe, where and fr napcctively ^ttloeUies at tb‘ tHginning anil end of the 
period. The fnrev la equal to the rate of chanRc of momentum, as oxprrsseil by the 
following cquAtlon. 

^ Mw - Jftft 
” i 


This equatiEm may be arranged Ln the form shown bdow for convenience in appltCHlina 
to flowing fluida. 


f 


?<• 


lb) 


in w'bieb Ai/t is the mas? p^r unit of time undergoing a cliangc=> iei velocity from v lo iti. 
If the diechargi' of the jet m Q, then M/i » Qty/^ and the ejtpnv^ion for the force berompfl 

Qijt 

^ -p - m) 

9 

in which ic is tla* unit weight of the fluid and g thy gravitational acEf>lemtiofu Equation 
gtvw the force of the vane on the jet. Thi^ force of u jel on a vane would be equal 
and opfriHiito ui directiou- 

Both force nnd velocity vector quantities. Tb^n^fon^n the forcti acting in a partie- 
iilar direction can be oibtaincd from Eq. (209) by using tfai.^ original and fliud components 
Ilf the velocity in the anlccbid illrvction. A convetdenl method of iioparaTing the forci^ 
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fcntfl twp potopfiUi^nlit k UliiH4ratt;d in Fig^ 0ft tb' A' mick k lakcii pftrulld lo the 

firigimiJ difijctStifi i>f the jet, Fom? and vt*IwtMw piMmilid to X atk Am dddigtiAlecI 
ag pml ivi^ if ttM*y an* iJiitteU>d tfl the righL when-si?, for ( be Y a™^ thi* upwanJ diiei-l jori 
]§ ptwidv^?, 

Jels Impinging Mgalo^ DeAecting SujfKces. In Fig. Sfto, n jel in the pining at the 
^KHntdniiU- iKTr» A" and F k flhi'»wti impinginK rflTiRi^TvtiftJlyapaimH the stallcmaty^ vhik' Ai^. 








I ^ ^ I 


¥^/}ts Dcf/ffcffftg fSO Dsg. 
SjAg^t-CuSfl€<f US 


[ C li 0Oififrg ~ CaSP^^^ 

Fsfl, 9ft, JetsimpitiaiJjjt flfEiiiniit riyrfa™. 


The Rurfbou of the vftne k a^^uiiuKl lo be frieticinleaiif ao 1 Suit thi' }rf Scaven ftiP! vaoe wilh 
ita orii^iml vel 4 >tity p but with it* dirertieft through the niigle ff. The A" Mta- 

pvnent F* of the forcp e^Berl^fd on llw vane, aetiJig in the angmat diroolioa of Ltu? i-ieJocity, 
eciiuJlfi the nvitsdB' iinpingtiig por second tiiDed the change in velDCity nloug the A axis. 
Similarly^ equals the imuss imrdnEiiist |ser Mt^nd time* the change in vetocity nJong 
ihc Y axiri. The rfiniltant force acling on the vane in 

F - Vf/ + (210) 
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uul i\m tMigent of the anitU^ thst thk iwmlnint makes* with tte A wn* ■« If‘I* 

vclodtv of the water ia a given direction ifl (ircrcJired. Un? foiw ^ thts viwus to osertwl 
in thus direction; if the velocity in a given dinsetina to increaicd, the foiw on tto‘ vanein 
exerted in the oppoaite direction. Thus in Fig, 030, P, Wtta to the right «nt| f „ arts 

^iponent of the wlodty in its ori»nal direction alter Icnving th* to r,, 
and the change in vdority in this dtowMion to » - v*. Sinee Vm » * eosfl, the force 
exerted upon the vane in itn artgiitBl direction, fnnn Bq, (atW), to 


f— (r - «r cos V — (1 — coa *0 
a 9 


(Sin 


Simitorly, dnoe the change in velocity in a vertical direction to from *eit> to vain J, 


and, frotn liiq, (SIO), 


Fu - 


(f 


Qur , 


^In t 


(Si 2) 


(213) 


If the jet sldkee nernialty against a slntiuimry flat ptoto (Fig. Stt, cop fl - 0. and, from 

0 


F,~F 


<214) 


Since the jet to turned by the ptoto through M* ctiunlly in all dinsclions, then; to no rwult* 

iug r The pkte wmply dpjtrpt'^ 

nil the momentym tn ihu onglnAl dimiitiDn 

ilie wlodty- If a jpt litflectaj thiQygh ISO"^ 
by oithcr a Moglc- or a double-4niBpc4 nlAtionjiry 
mne, iW ^ * —1, and 

F, - - 2 ^ (215) 

it 



Since thiiiv. is no dlmiige in velocity in a vcHical 
Jircrlion, there u no componcpt. 

A* shown in Fig. 93^, thp jel hH^ing an atn 

Kilutc wjDcity a Emplngi:‘^ ttgaiinst n vflojfi mend¬ 
ing with a vidocity v\ The rrdative vuSchcUy of 
(he k-t with respect to the vane in u ■ v — tf. 
The masB impinging per stfu^mlp wluch in the 
flhni^‘ formuliifi Qtn/g^ in ??diicc(| tbronj^h 
moven^ent tif the vboCp in ibc^ ratio of ivlative 
tq Iiiw*lul4^ velocity^ nr an Tbo veWity p 

in thems formulas U*comcs thj> relative vfiocity u. For a moving vain-, thj-rvfojv, 
from (211), 

thcir 

f, * -(I - CQrtfl) 


Frfi. IH. Jfl Impitifm#! mfiiinAt Hat plftlc. 


(21ft) 


Cqmvpondiiig chanucf m Eqs, (2l2) it* (215) make thjim appIkahJi? Ut tnovitig 
The obaolutn velocity ond directinn of tlie as it leaves the vathr are phuwa by the 
vector Pc. which is the w*idtain of the relative velocity u aitd the vclodty p' of the vom.-. 

If a «ai« of voxiea am so ftrranjjjed on the periphi'ry qf a wheel Cob, for example^ a 
Pelton water wheel) that the entire i&i directed tangentially to ih* drcuinfnmnce strike 
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1>VNA11IC ACHON OF Fl/IWI.VG WATER 
«aicc«mv« vwtta, tJu< nuuw )k«uii bfcciitkn* arnd Eq, (216) bKoiuM 




Qwii 


(1 — ecus#) 


13171 


(Itili* ibv i«n^-ntukt runiiicjni<nt Fm tetvda tu prodkuv rtiliitiGn. 

Work Dooe oo MoviOG Vwws, Work » wimJ Id 1w» rinitw iImUjim-. Suice nav 
one «l Uk^ nKivtDa 6, p. d. or r (Hf, 93 1 adviuipas itk- diatjuico in 1 «c work 
dotk^ piT nfcoiid in thif diwtion of tho jui i« G - F^'. from ( 219 ) syb- 

FtitMtiiigff — for u p 


a - 


Qwje - 


fl — ■ca3^)p' 


(21S) 


Tttn vquBtion iMk(» = 0 wtu-n p’ - p aiuI nk? when p' •• D, Tliv valyo of p* wliiVh 
nuJtcn G K nuuimuin k olAjJjipd b.v oquatini' rho lintt dnris'ativo of G iritb ivepeol to ^ 
to Mto (uiii whinB for p*. .■•DJuiioii m ibt- n'lkticm of velodty of vaiw to w- 
locky of Jet few m&xiinuiii n^rt p' = r/S. 

i^imilwly for a jut mipi'n)$!n£ tangomially agtiiiwt Bu«es«vi' buebuta on tlio aerinJi. 

lily of Si wheels front Eq. (217)^ 


^ ^ 

A-i with (2i8), this equation maJcfc? f? - {> trht^ri * p anei h3?o n-htti ^ ^0. Btiuatinn 
thp limt derivalive to mm, Hn and that (7 k a inaximum when i' ^ v/2. Equation 
■1219) k of fumlBmental impurtanec^ in detertninint; thp lierf opi^mting conditioiiL^ for 
water whwk. U fhe spewj of ma.^iTnum work v/2 is sulirstituted for wkh & = 

^coefl » —IX Eq. (219J to 


~ *220) 

tiM‘ tolitl kbetic emwjsy nf tSe Jet btitckg ron^rted into work. This ako appeatK ffom 
t'onsidcrlnjt that the relative velodty of l3ip jpt as it iht' vam^ p/2 k ako the 

%T?l(idty of the vane and that these valocitl^, bdug equal and oppoali^ Jn dirpetioti, 
have a trwuluuit of lero. The water ihm leaves the vane with mo vdodty, WRidryini 
tfuil all ita on^nal energy has been utkiiped fn p^rforailii^ work. The angle & of wnler^ 
Van*^ Tnu?t bc someu'lmt leas than m tlmt the dkebarging water wilJ nof 

intcrfct« with suc:ceeding vanes. If # - 172% the force exerted on the whe<d k only 0.5 
ta^rcent lew than for — ISD". 

Water Hammer, If a valvr a! the eytk-t of a pipo w efo^ suddenly, tfua veiocky 
U arn>«ited ami the kinetic energy is transformed Into dyoMinie pttamire. Tbk dvnamk- 
pn^in^ k Cftllifl looter Aommcr. On the assumption that both the pipe and the water 
ittc inelastic, if dcM represents the mUi of ckani^ nf vekwity of the m&SA Af of water in 
I he pipe^ the preflaurp dur^ to wattT hammer k 





(^l) 


Klnaticity modlTiefr the results given by this t^quation. U eausca a Belies of pressure! 
wavi^ and reversdk of flow to tmwtvp tV pfpe, thefts being fntir pi-rind^ of different 
tyTMw of wave in a compkitc eyde. 

The four periock of the wave cyck- am aa fullowsr (t) When the outlet vaK-c fa cIcHi-d 
a wave fif InrrcJiM^ pressure ia t nmaauttod back through the pipe with constant vcindty and 
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inteAriity. Behuncl i b* wnvv, l b: wiitt-r w comprvfist-tlr ai^d ihv^ pi pi- wilIIsa juv: ritrvlcb'U. 
Tb? iQiitiJtt lb; wflVT rmchi.v lb itilikk-e, the oiUirn,' pipi- ip L'!q» 4 lidL-d &lld id I the water 
bi eboipn^sei], but there i» aw any mi^ving nvas* of wnter lo maintain thiF htKh 

pji'' 4 viJH\ Bi^ginning al Liitakiv lb water now eatpands and thi‘ pipe conlrarijr, 
P iid B wnvt of nomuJ pnw«iK' tmvt-b down ihu pifF*- Fiow luward th^ inlake nceoiu- 
paiiii'« ihL-'deerenFi- in preaFupe- Tb- mosnenliim id thU maviiiB tnaRS eaUM an amount 
of water to flow hnek greaU-r than the exeesg rtored at ihe end tit the firpt ptriod. 

the wave of normal prv«anjre reneht^ thp nutlet prewi^nre at thi' vnJve 

drop? not only to normnl ptnlic pnssim;^ but ahio b^tow it, <5) A wavt* of pri'i^^urx'; 
ilian ifiEirttui! Ffcalic pre's^un; now pajeea up the pipe- AA'hen it nKuehL>{» lb intake, the 
enlin.' pdpL^ tF under lesa than trtalie pre«aiin.s but ,* 3 nee ihk: wnter ia agiiin all at rest^ prer=- 
Ftnv lit the intake immedhttoSy retiirna to normal pfotic pms^irt^ t4i During tb final 
period of lb eyete. a ^>nand of norntal ftTatie pn-niuiv pa^wts down lb- |M|>i% 
ptewFun^ b-ing inrn=^^t!«d, flow' lownrd the nutlet w being (•rfTjihltrhe^l. The irwiant that 
lb w'ave rt-Jieheif tb ya^vo, pn^saue if normal^ and conditioiia throughout rht‘ pii^j 
R’^wmble those n'hen tb vaJvii was first elosenl, 

tienantb% ^ cwraphdwJ. a .wrtimi eyde bginF; hut, bt'eauiw of 

fiietion aiiii impi‘rf«rf elasLicily of the pipe untl t.hf waUT, tht: velocity ot tb watarnnd 
the n^aulting waU^r binhier are reduced. Suepi«iivu eyetes, slimlnr to tb firat, follow 
each other until tb wavt;a fliuilly die oul. 

E 44 UAtiOii '221^ nhows that, OH thi‘ a-vniTupiiun that the pipe and wutor an? ioubslic, 
dyruuidc pn^iFurL' is duectly proportiofud lo the rate at which velocity m um^dted, being 
infinite for irwtontaneous ckieure or for any finite mluetion iu arfiE of valve aliening 
in lero tiffu'- lieftantancouji moveMol of any valve or gate if ubviouply impiH^ible. 
The nuwp If [£q^ t230| which bw ita \^'lEji;]ty ehangerl iu tb Um'- di tb mass of the 
length of waiter column irnversed by the presFun^ w'ave in tb tiun^ df. lutEnFiiy of 
water bmnu'r is not affecterJ by anitmut of flofluncf; e.g-, tb some dynamic prussuri? is 
producT'd by ri-ilufing wlocity fratn 7 to 4 ft per Fee hf by h^Eitjndy utiEpplEig a vriueily 
of 3 fl piiC Jwc. Wjih to elaalLcity of the pijw and tb water, if lb valve is eloped 

bfon? the finrt pressure wave rvlurns to the vulve or if tb ttiriL' of olosing is. Wkh than 
L being the leugih of pipe and e* tb velocity of tb: wave, tb pn-ssimu will con- 
tinm? to intrefy*e up to tb time of complete cloFun% and tb* tviultlng prt^^iiFun! will b the 
Fame as if tb- valvi' hail bton closed inptaulaueonsly„ If the llna? of clostttv ia greater 
than 2 L/ffi 0 , lb earlier W'avd of low prt?*njn' Return and Iftfid to leduce the rliM? in pres- 
foiR' R'tHulling from ib later stages of valve chisuR'. 

Tliif kinetic energy contaiDCfl in lb ino\ing mass of wati-r in the pipe is used In thi:* 
wtjirk of compnwjing the wator and eaepandiog the pipe. If tb valve is elottcd beforv^ 
the first pnwure Wave rttunw to lb %Tiive, lb eat ire onergj- of the mass of water is 
nliliicd during tills tiim^ inlen'alp and niajhmimi pressure is produced. By cstpR^ing 
aJuebraicftlly lb Rdation: Total IdtiLtid energy' of water in pipe bfon- closun^ = energy- 
used in wtirk of compresisiiiB tb water + energ>' used in work of eKpandiog lb pipe, 
and making transformatiomr and reduelioas, the following formulas can be obtained: 
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In I lie fnR-gr»jnR forniiilas, p* IS Ihe ^'l|■h^nly nf pRwnn^ waviv h the nui^lmum powiihlc 
b-ad lo watiw hatiirtHT over static headi, f the wlorily of wati'r in pi[>c bfon- 
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(tkMiDjs viivL^ d ihie lEiriidi^ c»f pipe*. 6 Un' thEFkrw‘^i& ul pipi- wjitl#^ E thi; Dimlulitif 

of ekflticily of pipe itEijb \h punnilx pi'r mi mire inch, E* rhe modulus of elmftlcity of 
water in pciiuidti per ^qimn^ iticlip anJ g tb- nrcek^nitioEi dmt to gravity, ,'^iiiat muud in 
imiisniilti^J by tnriuiri of prpftmjrr ihf velocity in any pipt- ii* the wlucily of 

MMihd tlLfiuLiKh a'tttiT in Ehflt pi|n\* Joukov^ky found fruiti ox|a^rinirtilj» tlmi tlw mm- 
iiium line in water hammer in pckund^i per d^^uitre Lneli ubtiiiiiiiide in a irtrmiehl 

pipit wit hunt UrBJiebef9 in Tifne than 2L/Vtt 3# nbout fifty ^>vi'fi titaiM iht* velocity in 
tbe pipe. 

St^vemJ furmula-H and for ijeterminJiii? watt.'f biuiijner when' tJii' iiinj^ T iif 

cluninn rbc‘ ea^vt^l-* greeter than 2L/fim Imve been derivid. Ttie fertnulaH aix- lurKoly 
empiricaJ anti take a varioly of fonmi. A miithuJ propcjM^J by Gilmm rompcLH of trm-iEin 
the art inn nf The pneBFun^ wave iiulant by irufliuit and uf euiupniJn^ ibe pn'j^ure htuyi 
at the end of FueetyisiV'r lime intervate. It w eliutiipd thac ih\B tm^thoii 
quite satwfactoEy experimicntal veHfitaitloii. 

fn order to guani agaiie^t thi^ dtwtmctive effects of wati’r bannner, pipe^^ 
wherever practicable, be etiuippi'd wilb rtlow-cliHdiig gntif^^. The I'mu? of eln^ure shouiri 
tJee^n^aFe proportionally with thi^ kinglh of pip«>. Air clmfiilH'rTN Funjci' lanki=, nnri other 
deviwfl near llw.' outlet of pipea eov ip apevini rain^i employiHl to pountenw’l partly the 
effects of water hamcner^ 


HYBRAlfLIC MODELS 

Many probleniH eiicom]tert?d by iW hydniulir enpiuH^r nn-*- too emniik^sc to be HoIvtKi 
annlyticaJjy HyJmiilie-nkdHiid Imtj? afford b niErans uf jcaiiiinK at hw^ qualimtiv'e and 
sometimes quantitative anHmTiif to.Hijrli prubk^ms- tly^lraulie nirHlel? nni^ b* fJesEgruni 
and the teal n^nJt^ inlerpn^t^^ In aerordann^ niih tb* prinriplvji of fliniilituiie- 

The prifiHpU^ of ^nmUitiid* m^nirv that thi^re be g^otm^lrie, kiiH-mHlir, and ilynatnie 
nimilianty bttwMien modi'l nod pmtoty'pe, (rcometrir ^nrdi'iriiy If prvv'idiHl by conBtruet-' 
ingthe Euoilul tbal all lieti^ dimenjifjioiitf pf Eb^ ipiHjol h-BVf* ^nie pn'determEEiod ratio 
Lr to tb' eom^ffpi>iiiiiii|; dinn'^njnon^ of the prututyjm^. Kinemniic rec|uirti< 

that eorreapotidiiig; particles of :Snid traveiBi^ homoluj^Lifi paihs in the pmper time nttio^ 
in EHOcle] niiLi prototyp<.£. Kincmatie aimUaiity r^n be attaint'd if the niniiel Is gtnv 
fnetricnIKy }<iiiiilar tn thi^ prototyix^ und if the nitio uf n.^niisting to impelling rnrrc}= the 
at all points In thi' :0nid. The Intti'i' eoEidltian i>i ndJi^l dt^nnmir jnaiiifnrTlg, The 
impelling force Is the inertial forte Et^njltlng fitiEn thi^ velocity and maK* of the duid- 
Tbi .1 Et^lxtihg foreftii which, ti'iuf to ri*^tanJ ur chatigr tb" dtrnction of iW flEiid \'eli>clty 
may be vbieotis fom’s*, jj^nivity force's, surfaoi'*-lcfL*(aoii fnniE'h, or clastic fon't^s. Only the 
first two aro ordinarily of imporlLanci^ in hyilmulir-^tiiiiKlcI r^tiniien. Tb^ Hi'vnoklN niijiil^t^^r 






(m 


which is the nit in hcfwi.'tin thi* i niirtLal and viscous forces has abfe^kdy btsni ijiscm^si-d 
(p. 4-2D)+ A slmilnr mtio b^ta'iTiin irn'rlinl for<a^ and the gravity forces [hlcp (^24)] I# 
Ctdlcd the Froqde number F. 


F - 
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Jtuft 04 the ti-ngtb lenn in the RcymddH nutnta'r was variLd to fit the fiow eonditioiui 

*■ r22?l ukd nefc firpt ct»Ti icd Rud unjtffiaiEnuJi).- vm^Mt tv tVoF- N Jiia Itovn^jf in. 

.Mb* iX b^in fSit)bbad mn uMbai fijt its nvusftrrlbH df Pnitiiwir Jiiukovpl^ iti tlw* Am*, 

WnCiTVflri'j 30O|. (Htv^ vqlEHRliiir f'cntrihulUiiL* lo itr irrik hunnmf Arf; QiaMpMi. 

I'rrwHkrs ih P^ipturkp C*iiB 4 Cl ty Elm* Ofttdi|*r rfr^MB uf Ti:rbiin? GrIx*^ TrYm*, VOl. SI, I'ilO; 

nimn WaI nrk miicl ^^uJicr-lmnk f*n»tlnpip. Tnin*. ^■'4- I0I>V Tlwi pinlijtiui] uf n 

l<V tlir €jjlk*Mk iiii^Uu^ i* Eei Ki^u, "'‘llj.ncEhri^kW n( Il’kilmiiJir*.'^ Ilh Elirkf; Blmiiii K[:NC4Ahlt Wi^nJe, 

"nydruiikcii," itlitd., IlinS McNowk^ ^'liiijeiiprT'riiiv* flyilitmtlk*,"''■'If. 
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btntij5 desrribed, ^ L In tbe Fruiid^f inimber is Uikcn ^ the niVM-l luj^Ecajit ijjmcnffiDrt 
in nny p&rtieuliij- csae, for ex&mplu, the depth in oppn'Chuuu!] flaw. 

It lailows from the Above likcui^uni that to ubLoin clyaamic Kit^ulaiity it u iwi^mwy 
that fkiw La nwclel ami protol occur with 0 £|i±ai values of R n viarous fomw contml 
or valiiw of F if gravity fomm rontroJ. The moH importiuiE esampJe of flow corn 
tilled enlirtly hy viscous foreea is that in pipe*. In fact, the prineiplctf of afroiliturte* 
inay be UluetrAted by rcfemiig tu iimterijkl already covered under flow in jiipiwt ip. 4-iSO). 
The imporb&Ace of geometiie immiarity waa iilimUmted by tbi of NikuHLdiF^ which 
showed that two pipe^ of different jws but having ihesunu ratio roughn™ magnitude 
to dJaioeter produrtNi identiead tot« of valui-a uf/ nhieh variLd oniy with B. ( Mher testa 
have shown ihal ibe velocity dbftribulion pattem is also a function of J?, tints ahnwlng 
that k i nem a ti c smJlarity is idao attained. 

CSttses where the gravity foriM* is importajit and the viseotm forecs are negtigible occur 
where tl^re b fully devulojM tirrbuk nt flow with a free surface, as, for orample, flow 
oi'cr wi'irs anrj through orifciM anti flow in ehminel oonstrieticfus and tnuuntians, Ln 
the hydraulLe lump, and Ln wave motion. Tin* importanco of the Froude number in 
upen-ehanricl flow ha^ betu itlimtrated in the gcnr^ial diffen-ntinl equation for gradually 
varied flow' |Eq. (185^], where it will be ween that the de nommator is (1 — Further¬ 
more it should hQ naitd that i neh tkiplh iii the graphs of ¥i^. 78 and 80 corrcapamti to a 
panicukr valxip of F and that tbi^ cnmispoiiding rlnmiges in diipih resulting from con¬ 
strictions depciKi upon the nuigtutuile of the original valuE> ol Fu 

The eonversido nttion required for dt*sigiiing rnmliiU anti for eunviprting moclel resulla 
to the prototype mjiy bo obtained by cKiuHting valui^ of /f or F for model and pmtotype. 
If the FroufJe kw applies, the proia?clure is as follow's^ I 4 ^t F* - Fp, then 


and 
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V. 








(22UJ 


The vduc of u HD warlj- 1 {p. 4-3) Ihjit it tin be otnitted, wili tit i^ulc tiut 

{227) 

TIm- (JLwhiui^^ mtin t^ii nuw' he otJtHijit>d jii= follows: 


Qr 


Q~ 

Os “ "s'’. 




L*V 


am) iTiM'rting the vtiluo of )% frvMn Ri;. <3271, 

Vr - Ir"** (228) 

Dh? uitios of »il other quiiJilitkw nmy bt ubtuined in a. similar lUMiner. All sueh mtiw 
for tbp B£>irno1«ti< m well ns the JWIe Inw are labuTalH in publie»ti«>iiBJ 

Iti mitiy cMitw (if Bow. iKitb iho Fmude anij Reynold, kws npplv. Enm in the e«8o 
at orifieo flow, it was shown (Fij;*, 35 »nil 42) thnt Hr. eot-Girinit uf di.«ehArHe vH/i(w with 
the Mnnller vnliii!ii of J?. The moat cUBieult cnat* to hnndllu is ojurn-chuuk’l Bow. whieh 
in it, longer tnuihim depends on R, at ehowh in Fig, OS, wherwM loci phLaomena sueh 
n, the liydnuilte iuwp wtid flow al eumstrirtiuii, depend on f, The question arisen an 
to whether it is poiMibte to satlrfy both laws at tiu- same time. To do thk it would be 

A§cE*rtfli' ’ Ub«.twx AS.SIE, imo, Modrii," SlMs.,„i 
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iiefertsiry for Ihi- ranveniion farlors for any quantity To W tbi- (iftirw* wh^thtr dutut- 
niiD£Hl from iJii? Froutie law or from tin! Ri^ynolils law. GotiHMqucinlly, ihe oomiiLioiui 
that N’ nati^ed md he ohtaiiu^ii hy any two in>rT\>spDndiD£ r&tioa i>qiin| to 

each c^Lber with tht- result §howti in llq. <229). A prttidy nf Eq. {220) 

- ©’’ «»> 

will ^how that, even if warm nmretify wore ysd-riL af> the mridc] fluid, the Kale ratiu woylti 
fM! approximately 1 'A, which w ould nL-^Rtlt in a model that would be far too lafKi' te he 
ffnaible, ft Is therefore to build models in which ucie or the other taw‘ h prtn 

domimuit, Scale ratida haatwi Oil the Manning forttmla have been foiinil to aat^^i^- 
faetoiy rvsuJis in nuuiy dwr tiuflfeh.* 

[n order to opemte at highi'r Reynolds nomheta and at the tinK^ avoid the 
of flurface tensioti, whieli fiT>u]d iotoIw still a third m<H|el law^ models oi rivera urv cjtften 
built with a t|i5tiincd swale^ llie verticaJ iwalc! being loiger thsn the horiionUU pjTtle. 
Ai the aaiuc tttui\ in nnler to reproduce the prototype water-stirface proflle^ the ^lupc 
and the roqghra*^ may Hie distorted. In mch vo^ the diseharge ratio may fn* deter¬ 
mined by tfi«t rather Than Irom a derived law, 

Movab[M-bc>d moileU have been yiied with conairferfihle miceess to prt^lict the effect 
of varioiu! alroelures on sh-naling or scoudng in fivers and harlion-. Akhi>ugh I he results 
are qualitative onE>% they are ii-mally ^nufiriently conclttfive to poLni out the type of 
structure which mo^t effiMJtfvely the requiit^nwfitft. Movabk^lnHi models are 

inctiBJly ^'^verifieiJ^' by liegititiihg with a relatively' fiat bed and the exiiituig flaw eoriHiitions 
and determining w'helht'^r normal upi-ration will duplieale I he pmaeni ftetJ mnfigunition. 
ff So, it is believed that a change in the fli>w conditijons brought about by tht^ propOMnl 
riHuctnietion will bo duplieat^^ qualitHtively in the prototype. 

The design of mndeln is governed by The; cost, the spatv available^ the capfttSty of 
the laboratory' water supply, and the aeeuraey dt^red. GeneralSy speaking, the larger 
the moddn the mon? aecurale will bc^ the r^uha and the greater will he tlu* coat. For 
models requiring flowing water* I be modid db<rlkargt‘ limited by the avaitahle pumping 
capacity and biHiice I he largest possibh^ »raJe ratio is determimd by Eq. {23S) if the 
Kromfe law applies. Lt|idL>torlid naHlrtU air* rorntnimly built at ttcaJe ratios varying 
fitiixL 1:25 to f 150. Distorted nuxlels of rivem and harbors usually hanTr vTrtiral 
mtioe varying fnjiii 1:25 to t:150 W'hilc the twirlBonlal scales niav var^^ Frnin |:5fl to 
1:2.fiC10. 
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Secfion 5 


STRESSES IN FRAMED STRUCTURES 

By Frkdkrick S, Merritt 


COMMON TYPES OF FRAMING 

Beam aad Girder Framing. Bridge.- imd flours nnd Tootifi of buiklingi^ fnequejitlv 
are Ripportcd on st reotongular grid of Bezcunal membem. Different namet* often ore 
given m eompcrvL-nl!^ of tbe gridH dependiiig on the type eif jFiruetun:; euid the port 
uf ihs gtru^ture i^upporttid on the grid. In gL-oeroJ, though^ Ehe members ^paimiug 
betwH^n rnaui fup|K3ria are called giidors 
ond tliiidu they fnjpport ore eoJLed beams 










(Fig. 1). BeOev, Lhoi typo of ftnming \b 
knou^ EB tK^iun arid girder^ 

In bridgi^?, the aimdlur vtmeiitnd 
hors parallol to ib^ dircetLon in whieh traflir 
movL^ uay bo eoJlNi atricgerB and the 
imnBVttrBG innniiiOTv floor heuns. In build-^ 
ing roofiS, tbn grid oompuni-nt^ may 
mfertDd i& ^ ptirtina nnd rafters. And in 
fkxMn, t hey may oaJlcd joiato and prders. 

Bvam and pnfor framing UBUnlly uiUHl 
for tolatividy ^hort npoma onri wheto 
menibons arr) dc^njd to ptovido ample hiiid^ 
rcH^m Mndemeatb. 

Tni$m. Where hnadrtiatii hn nut eritienl 
and wbern long opona art? di^irod, 
may W uaoAf. A boioa U a ciiiplanor 
tern of ^niciuml metnbc'jTr joLitod logetlier 

at their iMidfi in form a atalito frami'work. N^eglncting ejiuiilJ changes in the bi-Dgthji of 
the aiE'tnbonf dm to roads, the friotivn posit ions of the joints cannot ehanjo?, 

Thtif t>ara pititk^d lOKythor to form a triangle reprewnt the gimpleot fyjw of tniras. 
8ome of the mom oomintm lypi's of naf atid bridge tmasc* am illuotraUtd io Hg- 2. 

In ibjoi' ini-wa, thu toil an? callud lb-! upper chord; the lioUdm tiu'Jnbrrw 

the lowor chord; and the ^^ertioal# und diuBonaia web member^. 

Trusorti Art liko long, deep ginlerp with cutout weh«. Roof Ittuw^ not only have to 
raj-ry their own weight nTid tb^ wndghl of rcMjf rnkming ami roofing bul olou wimi kpoilB, 
Know loadiSr Fusta-ndt-d ceifingK and coiuipEnentp and a live load to take cafe of ennal.nie- 
tkm, maintenance, and repair k^wling. Hiidge iwHeti faave Ui impiiort iheir own weight 
and that of dtiek framing and sleeky liv'c loads impotH.d by iroflic (automoblfca, tnteka. 
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STREBS£S IS* FRAMED STRUCTURES 
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niiim&d trains, pedestrian.^ ctff.)* tm^i caustd by Hit- lupd. Deck tnisse^ 
carry tha livta load qu the l€p cbonl, mid thr^u^k trusses qn the bottom chord. 

Ix^ttds BPncnilly art* applied at the jnLem?i!t[Dii of tht* iw-mbera, nr panel points, ao 
that the nwinborH will be ipubjccted principally to direet siT^s.. To Amplify utrefta 
anidy^ tW weight of ik^ tnira memhef^ la apEXirtiocud lo upper- and lower-chonl 
pmuil ptMnta. The memiaem an* Mw^unuxl to bo pinnetl at lirnlr ends, evoto though this 
may netually not be the case. U, hciwi*VL-f, tk« jnintg an* ofi^ijch nalurr u Ip re«rtricM 
n.*ktive rolation autwlanliaJly, tbnn the ' secondary'' sol up up- a roauJl ehouM 

be oojnputed and roperimposed on the Blieman oi»uuned with the a^umptlon of pin 

« a, Md D. H. Tocimi. TUtafy ^ iftfucuifw.'" ai^A Caqipwiy, 
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wiib tt>oi truBwu# ig tumilar to bc’ani aiid girder franoing, with tho tni;§t^ 
FauMituU^^^I (nr the gitdenH. Since tni^v UFiiftlly are tong and mof deekg are made 
uf light roAieruil, thi^ rurd fiiuj^l l^>e braced agninMt both lateral and longtludinal forces^ 
mib additienai baHtoxital and vertica] trua^oi. Frequently, in addition, tnigge# are 
gtifened in tlieir own vrrtird by InaertiDg kme braces at both enda between the 

bottom chord &nd j^iiiptn-tin^ 
and purlins rariTiing th** riHif ih'ck are 
ffiFtOTtwl to the lop ebun|(<, wbicli ato In 
eclmp^e^^^^^oiTl> thut* pnividinK hiteral brac¬ 
ing to t b^ni, 

TnjHneiJ rooF h^a^;itlg may W m 

the plane of tht*- top or bcittom churdA. 

Pul ting it in ibe pbiiie of tb ; top chim b 
ofTera the advantnge/; of ^mph'r deiaib*, 
shorter ul«^lppf^^tlfd length of diagoimbi, 
and Iw pagging of bracing, be^ran-w it can 
be conniTted to the purliiei al all inU'r- 
sectioius. It is 94‘t(lom newjwary lo bmci* 
both top nnd bottom chorda with J^'fau’ay- 
triL^d Fystentp, Howevpr^ the bottom 
chord should be brArtHf al frequent in- 
tervfllg^ even though it is n tension mcm- 
foer^ lo reduce ifa unj^upporle^i length- 
T^liical bracing for a nulbbuilding roof 
li illujdrareil in Fig. 3. Du^onal bracing 
placed in the plane of the top chord 
in ihnt^ bayi!,, i^ipiiming ihat the purlins* 

UiiJL be snffirii^aliy ntd] runtnhcttd to iho 
trussed to IranAmil longitilflitu&l farcew fro-tn 
the ntibrand to the bracid bay. 

Not tnure than tjohrariid hn;^‘?l rhntild 
pii!rt]iiitid la^tnivn braced truzM^a. 

Sinit« aJr aHown biitwwin lower ehuidt! 
ftt iivi^ry othi'r parud point. At coire- 
spimding lop-chord panel points, the piir^ 
lidA rthioild he divigned to be able to carry 
coniprertrive Forcea in ai<kiLli&n lo vertical loading. These slruts lietw-eeu the upper and 
hiffer chimUi should traiLsmit tongltudiTial ford is to the JaterttlJy braced ba^-F, wht'n^ 
crow framca ate pLanxl Iwtwien tile iruFfli'^ ilk the plane oF I he' .-drut#, up indleatetil in 
Fig. 3. to prcmnl the iruiwa from ti]iping over.* 

Tn bridgi^a, taci parallu] trusses gent^rally an^ uwkI tFlg. 4b They mmi be adequately 
hraml iK^eaUiW! a bridge structure is subierted to lateral ferrea div^ to wind pre^^aure and 
vil I ration caused by the impact itf moving irwjls. Thb'se mv n^Lsttd by lateral 

trusses ptiiced bi'twii-n the rhord?: of I hi- nudn vertical InL-st-s, and portal and s'way 
bracings plarvfd iK'twoen each jittir of end jKwls neid vcrticuls, n-i^ptfirtivt'ly. When ih.* 
rhtkfds of thu ttiain tniKM^ an.- horiKimtal, the lutend Tru-seH nn- horiKonlul tniKscsi the 
rhords of which arc ihi- chnnls oF tbi' midn t rum's. Tfie away bracing lies in a vertical 
plane and the |>orlal bracing in ihe plane of the end post# (Fig. 4b Th: typo oF tniwn 
msi'd for the lateral iru^wns dep^Tiiiw on I he Mise uriiJ type of the main struerure. In short 
Spans where the ilijigonal length is not greikt, u bracing nf ihe Warren if often itsod- 

■ DiTFrnJkii. C. W., "PiniiftiaB ipdiwlri^ SnncUJirw," M<<iniw-llill Caau3*fi>'p lAt., Ntw Yepli. 
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in framed structures 
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Thil* fiaKu? typi?, too, w lumaiLy fomiEl in ilk^k-iilHti! Kinrtc*f hrifIjp'iiK whf'n? oflen ^^nJy cum? 
sf?t of lau-ral^ [tSti upper) uMwi, and thj.* lower flanjp- in by lbt> tmirnTTw 

bnicinj; or proas framef. Tbt^ likuiiI typi^ of iruws for ihrou^ bridsoe is illimlratiMJ 

in F] j?. 5. Ttw ' upper lal eral ayrtem nhowii i n □, and the tower ktcrml watem in e , The^ 
iMU-ml fnriJeff lurtinR iiptin thi- up|xr Intend imm mtv eamecl by that to the ptnnU 
BB* ftTwJ FF' Hj]if tnkeii thene^^ Ihirtueh the portal bmeinjc andj tbt^ end ptHd^ shown in d 



Fro. jj 

to the nlmtnients of the bridge at nn' jinti gg\ [n a through trusa, thin compelfl a portion 
of tbff euil POSH# to net fieamif, tuaaiuueh na I he pintal bTaring ennnot extend lo their 
kkwer exlrvuuttes, Ixwufp f>n the lower laloral nj-Mtiimn aw earriefl iliwrtfy to the af^ut- 
mroti) at oa* nfi4| 

The dlAffi>tuiln an^ umially rigid. Le., i-apahir of rtaiUting hcjtb ami 

tennile nlruRii^: niul the kterai nhi^ in eai'h )Kini‘l Eb a^itTK^j to br^ liislrihutt^i i^ntkWy 




























COMMON TYi'ES OF FltAMJNG 5“0 

tlu" two If ibi^ uEii^ypportpd dtagoind length loiiK, il \» hetlcr to 

ofjiupkliT thi* cJingormlfl hIti™.'* onlyr 

[n the upjiiT bti-nU isyHtvm of a ihnju^^ Iwiiigy, tbe upper iminilHij' of the Bway bnidiijt 
{CC of f> flfi kieml dtnit; m the Iostit latjuriil tbi- floor beaiiL^ p rfanit 

tbiin funetkOfi, 

In ibe imiflllt'T iiii4 liiititer truwM'v'-, tb- l*ra.riiig \» ofteit omitted, ihi- latvrAl strut 
^Mlng ihr only lueiuber b?tWLf:n tb^ ihEt'rnK-^liiite pmn’l point*. 

Space Trusses. When thi^ tjmjic trtis^ trianjEliTB an^ eonibiiH in mi'h. a manner that 
ihoy do not all lie in Tb.‘ Ram« plikrit% the n^semhljLHT’ is eaJliHl s sp«r(! tiiiss. Tall towera. 
fcioth ai^d friTe-FlatnlfcnE^ mr fntiuently tli^jd^wi as sptc!i^ intwes, and sonvetiinra 

floor aiiii roof of that typi? aio UA-d. Sei’eral dome-shapi'd stJnietures uIfo have 

Ix'cn corurtmelwl as space tru-ws- 

In towprs, the k'gs form the rhonlsand the hmring bi^ttt'wn tb*rop the vreh mi^mberr- 
I ti floor and mof Hyslefus^ thn.'^'htjrd inisar^i have tn'eii tiw?d to adviioit age, Mtcb space 
sttijct ureti an* cednomioal Ih'caupe the wob Jiiemberfl ser^x' as lH>th load-xiifrying menibcre 
and hmeing and lht« arrangement of the chords gives tht' alnieture isliffnoea in all direc- 
tiniia. 

Ri^d Framfis. With beam and prdcr framing, trua«.xJ braring 0 not necessary if 
rqdlihriuni iA niidiilalncd by joint rKStminl at the ronnections of pcinJets to columns. 
W hen mrtk'ra Atv SO connoetei) to eolmniui thnt both menibers mnst rotate throiigh the 
njsjins ansle, thi^ ainjctupe is ialltxl a riipd frame. 

\n tail hiiildiii|??i of sknietnn-fraino construrtiofi, wdnl, oaTthquake, and other btoral 
foma gi^nerally are tx^jitod by ripd-frame action. Tliotigh I he and girders may 
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l» designed as Fimply ftipporte^i far diaJ and live tuadn, '"wirwl" conneetioos, (apabbof 
trajuTTultirig b^ntiing nmnn nts, an; usedal ib* coliituEU and the im^mboTx comieeLed are 
di'tdgnE^f for ihii latemUforet' henciing; moTOJ^nts, ori wcdl as for tkad- and live-load mo- 
niL'nta. 

ttigid fniiisrc arx' often fur highway lEridgOA Iweaiun^ of their attractiw anfMaRiripe 
nnd tpi-oaUBi’ thi'y md #j»»n SO ft i>r mtin> witli !«?«? <k-pib lluui ti-quin^d fw simply stip- 
(wntref Kinlcrv or t nifw*. Tiiujilly, the* iMUttiiiw of ninkr# swr jjiwii a pliwMiiit 

curw, prov'idinit Ampk; iMmui'hi'H to nisfm tfn* tiK.nu*nts At tin* coluiuiu., otitl 

the v\’rt)ciJs Ate lAtM-KHi fhKtii a wide awtion At tlu> top to it ^nimum at the Ijdne iPig. 6). 

^iTti^h'^piirt rigtd fTwitH^ beJutw irtnictiirTiny vt^ry mueh llki^ Arehm. fVi''C^utii>tiiL miut 
Ih‘ taken at the tkiw* for the horixonml eoniporn'ots .jf the teartiotis wi ll aii tin- vertira!, 
aa sA done with nrrhiiM, iiaJ nil the toeinlicfs Hti' siihj*'eti‘<l lo Liiith lit^iMlintt and aaiaI 
stresses, 

Contimiouv riRid frnmefl fn-qiieiitly nme to support the mofc of onivsrtoty iie 
liiutriHl buildinmi. The gmtiins mny be stniight, Archied, or eomprwed of Nlmijsht w.^- 
inanla for monitors or sawtooth construction. 

Arches. An arr-h in » ctirvnl jpnler i>r truss. It devilopn ineliiici) reAclioon even 
under wKieftl Iwids. Tlw- nupFsirtn mnsl lu? rapaiih' of resist in* tbi- horixnntat eoin- 
[Hinentn of the n^netioiui ni* well ns the wrliewl. If ihi^ fmjtifhitittnn enitiiot take the 
ihnmt, tie nwl* must I"* insemvl iH-tw.s-n epp«>oli- shk'.- of the nrcL. 
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IS F»\MED STRU CTgRES 


Unlike fitmiKlit xinlerv and truiuefl, anchcai can be eonstmcted with three hinged mwJ 
Bt.iU be stabk^ 7 nnd &). FixiHl-e&d nr bin^ekw archej» can be tuccl tinlj? where the 
fuundationd aie rapiitile of providin^j^ nillahk! mjppcirf —umally only o* good jock. 
When foundation iMituLUtiunii are leas utisfueiury, twivbinge or tlirve-hlnKe dedgne are 
prcfpjTwi 

Roof arebe» are usually of thii geni-nil form shown in Fik- 7, To avoid ibe iruiash^ 
abutments that would nomuJly be requirvil to rmst the hnnxonud thrust. tk‘ mils am 
placed under the floor f^etWHUi the two base hingt^s. Tbe dotted nsenibera at the crown 
jh Fig. 7 arc luj*rted to provide a smooth roof mirfuee; they permit nerL^aaiy' moveiueiit 
of the arch and do nut i mru Tifiit 



Flo, 7 




IC) 

Fifi, J* 








































COMMON TYFEB OF FRAUIXO 
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Tlmie common fomajs of hiidpp* arch^s-'H ajp ahnwii ifk Fi|^. In (n)^ tlkp bmcitij; ts- 
tends from ihc curved lam-r thEird to t|ie Ftnughi Upper chenJ, wtJirli stipperta ik* 
bridge deck. Arches of thifl type aii' ralk^ spandrel-bt^cod atrlic*. The lisa verticok 
the ecflter hinge pi-miif rcilAlion thiire* s aydinj^ pkte in thp deck flllowiti* for ipiivi.^ 
montA of the upper chord. In (h) an^l (t) the dt^k k jqipportwl on vsf+tiiid pcwTn or 
hdiigtiro, which are carried hy the arch. 



In Fig. 9 are indicated the naiuef lu^imJly given to the varioiw parts of mi arch. 

Thls-ihcll Structures. Shell action diptingiil'^k'd froni arch ietion hy the fact 
iluit load is resisted not only by tbo ihnmi, nwnsent, jmd shiar on a radial serf inn, but 
Ahw by tangential sheani on a lranaver«‘ jeeiioo. In thin isk-lk heoding stri^san^R nmy 
be: ne^lgible fA'vr ^ relfttivt^ly largii portion; Le., the dhoH fitay lie eoiL'udereiJ as a mejii- 
bmj[ii% subject only to ditt^el Ktnw^. 



Fia. 10 
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STRESSES IN FRAJIEB flTHUCTURES 


ms^j be aiitgly curvctl, m eylln^JneiiJ or hum^ Hjrrlhi^, or duubly curved, 
Riirh m caE^iiaJ^, or hypcrbolSo pcm^iolLiNljt, or conupiKHTd of {tLt^mmtMcipd 

pliuvsn or fciklid Duublv fur^td i^hi.-llFt jut- Qiuob niiini in niip|riPttitiK 

]imiU thaii jurhit!^ iyT Mligjy curvotl ptbolltl. 

A rylmdriL-al Aroh is illiM^tmtitd in iDo. Iti=i edf^H aih^ J«ti^^onl^d by In 

ndUil-lon, cTtHEifth^i^ ut- nMfuirHxl Vr? take llif^ tliruiiL and fnKj^LienE l>v * be ubelt La 
tnumvi-^rtely by Lin^rponition of orehwl Hba aX n-^Ur inlervuli^. Th'^ type of 
i^TLi irery iiiueh like a beftin with u eurvinJ cnnw wtlan. 

A Oitennr^' fFig. lOh) h a nu-mbrune that it= Fia^pcnded from itn Fupportt*. tl b in 
lebidt^ii thrmigliout- The auppcntta nikiHt iie rapabk^ of re?^itftin£ thu- inwiy-iJ pitll, aiad 
prciviidoci iiiUHt l^ic miido for iin s^tabihty undt^r «iifi*knce<i virtical loocb and wind, as 
Weil iji to pnjvent flutter, 

A doDoe, i n effeetn is an i n wrted eliteJmr>' and h i n eompressinn t li roughout. Ar shou^n 
in Fig. iGr, n ring girder usuoliy is platx'd aloEtg the b4>ttain wige to rt^hn the tbriiyt; 
It u in tension, 

A folded-plate roof w ehown in Fig. ICW. Its .^tniclural bebavior is eery niucb like that 
of a cylindriod nreh wheti Et cfneitwtfl of sc^veml plaUv, and the same measures for stiffen¬ 
ing and resisting ihnuit must be t4iki!Jj. When li cron-slFtH of only two plates, ila Mm- 
ponents may be conmdA^rvd m two deep, lilted glriJer^- 

LOADS on STRUCTURES 

Types of Loads- External Inodii on atruetures may be dlos^fifli.^ in severaJ different 
ways. In one elB^hcAtion, they may be considered os static, repeated, acid impaot 
loads. 

Static loads are lorcKi Lbot ari;^ applied sluwdy and then remain neody constant. One 
example \n the weight, or dead load, of a floor or roof systeiiL 

Repeated loada are forests that are apphinl a number of LLmes, cao^ing a yariation in 
the magnitudis and sumetinUfs also in the eenaep of the intermil force* in a ftrueture- 
A food example h the Koad un a highway bridge from mitomabilp and truck traffic or on a 
ETulway bridgu Ironi traka. 

Impact loads aiv forcea that require a ti^trqrLijre or its compofumtA to absorb energy 
in ft phorl Lutorval of liiflo. An example m I ruck bouncing ovnr rotigh pavement on a 
hiidgi*. 

Extvnial fiUTCe^ may ahn* U- fsEiissified oa dL^trEhutt'd tmrJ cohci-ntrftled, 

Uxiifomily distributed loads arv lorw'S lhat an.-, or for prttetical purpu.fl*‘fl may lie caij- 
aldered, cofiiUftiii over tlw^ kmjrth or surlaee of the supporting menitHT. l>iwJ weight 
of A mllisd wiElivflangS' eleel hc am k a good examplo. 

Concejitrfitcd loads am forre# ihat haw .*Eueh a pimeJl nuiiaet area a* to bo ni'-gHppblr 
fs^^mpimnl with the eurface Buva wf thu' tupporting iiienitM.>r. A lieam liiipportixl on a gir¬ 
der, for example, may lie oonrfiden<d, fur all pracljcoJ puipnH^, a eonctinlmted ksad on 
the girds^r, 

AmiilkT pflmmon clfta.dfieMien for extermU fnrri:e iatjeki ths'm axinJ, em^ntrie, and 
toraionid, 

An anal load n foree wbosie rnsultant poifeios through the centmld of a m.^t\on under 
rioneidETatitMi ami i* p^srpisiniicnlar to thr^ plane oF the section. 

An eccentric load is a force whooo n^ltanl Lh pi^rpendieuliir to the plnni* of the oeetion 
under wiMkli'ratiun but does not paiw ihrough thi rentroid of the auction, thiin htimling 
I he suppporting member. 

Tnioioiial IpadG- are forwii that ojo offist^L from the fthear center of the isoeLiiiu under 
ronaideration ofuJ are ineliued to Of ho in the plane of the ftfCtion, thus iwiiiting tho 
tupportihg toembor. 


loads ok steuctures 




L MiNiHlrx Design Dead I^ada ■ 


Wdk; 

l-in. ciny brirk^ hij^L aIhotp- 

tlDD . ^ * + X xx + -*- + --i^ + - 

4-irL tJ^y brick., utt.Niiiim 
Absorption. 

‘Ir-iiir clny brirk^ low nhfM>rpt ion 
+-in, r^Aftd-iimp brlrk.. ^. 

•l-iD. roocretfl lint^k., I'ltiikvy u^- 

4- in. cam'Tvt^ bripk, ligbl sig- 

greea^- x.— 

-l-in, bricky 4-in. luad-EieuiiiiE 
etmeturd irluy ti!k bs^rkip^ 
&ia. lr}lul4M.‘ifcrinK i^trurtUTAl 
piny tile. , - . .. 

l^iHr loAd-bontiiije BtriifrUiml 
play die. . x.... . 

5- IDx coui;rete block, lipAvy 
Ipi^tu. X -, . . . . . .. .‘ . . 

l2-ip, coTipretPbkjckx heavy Hg- 

gresate. X .. 

8-iii. ouneeatc bkwk, light ug- 

fprtj^te. --- 

124p. f?QncrVU! block, lighi Eig- 

2^io!^^urrinB tile, one jiide of 
moBoary wall, euU to ahovu 
%ures,xx + + .^,... .... 


[Ap per 
m:\ n 


3il 

m 

3S 

M 

33 

m 

42 

58 

S5 

35 

55 

12 


Partitionfl: 

3- iu. clay Lib.,. *, x. + + +. ^. 

4- ih. clay lib- , ,. .. 

6-ln, clay tile. - -,.«...... 

5- in, clay tile.,,.. x x x. x___ 

lO-m. clay life. ^^ - 

2-m. facing tiln * >,.,,»x.,. -. . 
4-ln. facing tib. 

6- iiL fterng tile 

2- iq, gMx^iun block... .. x 

3- in. gypsitni block.__ *,,. x 

4- in. gyp^ura bbek__ x. 

o-in. g}^pHUtn .. x x. ^. x.. 

0-iiL block,, -, ^ X X. X H X 

2-iiL hoIkI plwftnr , X. 

4-in. snjiid filaslcr. . ..... 

4-in. hollow piaster... 

4hh. concrete bbek, beavy ag- 

greple., X _ X H X, - ... 

Wood itiMik 2 by 4, nnpliustcrtd 
Wotfd Mtacls 2 by I, pliwUTtHl 
□nc side. 

Wood Htuiis 2 by 4* plaalemi 
twoHidoj.. ..... 


17 

IS 

2?i 

34 

\0 

15 

25 

38 

I DM 

\m 

14 

ISH 

20 

32 

22 

30 

I 

12 

20 

20 



Lib per 
!^qrt 

Gla^block imizHjciry: 

4-iii. glau^blicwk wabs and par- j 

dtinns,_______ ......... 

!& 

8piit furring die: 

1 - X.XXX-i^-..-xc:h.*-r>*ti.. 

8 

i-itL.xxi. ...... XX. .XX _ 

m 

CoDtTete sUhiss: 

Coriidrcte^ rc4iifor™l-isUinc, per | 
jtu.'li of (.h^ckIli^rt^>,,... . _ 


Ccwcrvle, mnrnrred-cinder, 
per inch of thicknc^. . *. . 


Concrete, mnforueiJ, liglit- 
Wf!igbt, per inch nf thsckhtiss 

u 



Flnisb 
So^ir to 
lop slnb, 
in. 

Lh |jer 
sq f t 

FIcior finwti miil fiSl: 
3-Tii. wLHui bbek on 
nwH^fic, no ftll . 

Z 

irj 

* J^-iu. wood block 
on utomit-cotH 
cretc lill..... . 

4 

4n 

14ti. cCim-nL Eni^b 
oil stdcne-eian- 
crele fill .,. , . . 

4 

10 

l-in. terrtusio on 
BtOEit>ftJtinrctc 

fUL 

4 

4S 

Clay die on silutiL*- 
cnncrele fill, . 

4 

48 

1 Marble and mortnr 
on rtoncM-on- 
ercle fill, . 

4 

50 

! Linclcuni on Alone- 

4 

18 

eotirretc lill.. . j 

x5 

58 

LinolcufFi on light- 

4 

27 

iJOtH'relp filL,, . 

-5 

34 





Tbkktus, 

Ids pf!r 


iti. 

HkJ ft 

Floor finifiht 

134^11. a^pbalt 
mastic ifrjoring. . 

IH 

18 

3-tu. wtuKl iil4M*k on 
ii-iiix mortar 
llASWx - -- 

3,4 

III 


* Wnj;ki tn 4if mArfotfuy iheludM ineirlju hul ntA j.ilwit<T- fw |k|uter. mdd 5 th per^q H for kcIj iiEwtcr^ 
Vhluite i^vtss TvrKroQnt ■.tvsiem. La hMde cmaw^ kLcfti W A eqni}d«f*N4p nai^ of voUjht fCtf tll« lAlniE 
ilAJoUm. 
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STBEMlS IN rHAMEl> STRUfTTCTHEa 


Tjlble 1. D£3ia>r Dii.u> Loads (C0n/iFiU£4i'J 



Thickness, 

in. 

lii per 
sq ft 


f.b per 

*r| ft 

Floor flniHliJ 



Ct'iliug^: 


Solid Ibil lite on 1- 



PJoflter on tile or conereEjs., +. h 

5 

in- morinr bae# 

2 

23 

itopt^iided nu'tal lath and gj^p- 


2”ilL aapbaJt block. 



i $iini plaaier,.. . . -- - 

10 

>^in. mortar.... 

m 

30 

1 Buspended metal lath and 


1-in, temk^zo, 3-iEi. 



cement plaster.. 

15 

alone eoncrete, *, 

3 

38 

1 Plater on wiMideji lath. ^ p ^ ^ 

8 

^Yate]rproolin|^: 



Roof and Wall eOVeringi^; 


5-plv membrane... 

H 

5 

' A.'ibvaiivnenmenf aluiiglw,., -. ^ 

4 

fnply membraEie 



Mphall shinglt^... r 

h 

mortar, Slone 



' C'emenl tile..... 

11^ 

ronerete. +... ^ . 

5 

35 

Oay lib (for morUir add 10 lb): 


%ln. $^ilil iMt*i 3-io. 



^in. book lila. ............ 

12 

elone i.-ontnitc.. * 

5 

43 

1 Ijook life. , 

20 





12 



-i 

j j j , , 

fjpomsh. ..... 

lU 


Lb per aq ft 

Ludowifii....... 

l€ 



IG-in. 1 

Cii>mpoeitEon: 



12-Ut. 


Three-ply ready muling.... 

1 


spacing 

pparing 

F™r-ply fob and RTavnl ^ » 

514 




Five-ply felt und jp^vul,, ^, 

h 

Wood-jnut HiXkhs E no 



Copper or tin.. . + 

1 

pli^ter} double 



Corrupted aabcHia^ement 


wood door; 



rouhng...++.. ,.,. ........ 

4 

Joist iiM» 



CVivTiup^led iron, . ^. 

2 

2 by6 . .. 

6 

5 

Filwrhciard, H-in. ... 

H 

2 by 8,,. 

G 

i\ 

sheathing l^in.. . _ 

2 

2 by 10.. 

7 

0 

Hkyiight, metal fraEiie, ?B-la. 


2 by 12 ...... 

8 

7 

wire gJn^.. 

8 

a by ti_ 

I 

0 

Stalej ^ j i-in. 

7 

3by 8 . .. 

8 

7 

Siate. ]r^-in... 

10 

3 by 10. 

ll 

8 

VViaal slie^thi Eig, pier tlieii 


3 by 12. 

11 

U 

lyE^knotn^, .... . ....... 

3 

3 by 11 . 

12 

10 

Wood shingUw.p........^. p 

3 


Buildinc Loodi. Com^ni^nL^ of a byildiii;K ubdaJIv luv ivquiTied to suppurE. tbi" rcillow- 
jti|5 typefl of lofljdw: dtwd loetd dtio In the weij^ht of laaU^tiiilfl and Eif|iLLpmiyit, LneSuiUng 
plumbing slacks and riaoiii, olDeirical fcoderp and VDMilatiiijc and atr^oonditioDiD^ syB~ 
fenoii^ loads; imimct loadfii riiow, wind^ arnJ eaxthciiiiiLko Icxads; and soil and hydro- 
slatic potssiDw-, 

Under the BFS3iw*orship of the Natioiml Biin>au of MfautlanJi, iln? Aroorican StandindH 
AniKHnation has adopEed ci^rttun minimuni loaih^ as a st^datd CMimmum Dt^ien 

Lcacia in Budding? and CHJiL>r SttijcEurti!i, A58.l-IOSd)- Table I conLains the i^com- 
meiidatiDH? for di^ad loads jciven in an apjH>ndi.t of Ehat Ftandanl Table 2 presents 
mliilmum Uve lowisi Talde 3 design wind pn^tsiiit'S ttnd Table 4 eeefficients for com¬ 
puting F'artbqiiake forree. The coi-ffident C given In the Inai table b for use in the equa¬ 
tion f ^ VW^ whi-re F w tlu* horiKerilal lateral \m^L^ 1b, and W the total dead bad, Ib^ 
tribuEoTji' to ihij: poini iindor cruiRilufalion. For wiuebousesi and EanJbi, Til'' is the total 
dcflil lotul plus live lead^ 

Standard ASS. I tecomniends that live li>tMb lx» nH|uLi>d for members supporting targe 
floor an^aa when it Is imptibablc that the whc^le ari'a will be fully loaded with the total 
di^ign lead. For live lojida of 100 Eh per iwj ft or less, the dewign Jivs^ kwd on any mismbor 
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TaDUC 2, MjMML"!!i U^TFOaMLiT OfFTlIIBCTED IjVB ZifiAPB 


IJvL* Inail, 
lb per &c| ft 

OcCupanry or use 

TJve load^^ 
Ih per aq ft 

L50 

DwelllngB 1 

Second floor imd hwbst- 



alule Attica......__ 

30 

eo 

Uniuhahllable attics_ 

20 

lOO 

1 Hotels; 



GueeL r^nanw,. ..... * 

40 


Public rooms.. 

100 

76 

1 Corridors serving public 



roomsp 

100 

100 

£^lblic eomdots........ 

00 


Private cartidure., + ,,+ 
School: 

40 


Claesirooms...... 

40 

lOO 

C^ksrridara......... p..... 

Sidewalks, vehjeulai- drive- 

LOO 

lOQ 

wsya, aittl yurda, subjia^^ 


LOO 

tu trucking-.+ , *. , - - 

StairSp (ire esespe^p and exit- 

230 


wai^s ............. _ 

IDO 


Storage wareliouse, lij^t.... 

m 


Stoniige warehrkiise, lu^avy..,; 

250 


Stomge, hay or grain. +. ^. 
Stores; 

300 t 

IrtQ ■ 

Retail: 



First floorj rmmi . 

IDO 

200 • 

Upper dijora...---- 

75 


Wboi^&ale.__ _... 

125 

100 1 

T^^liholie e.XehiiJlge,,,..... 

150 t 

150 " 

Tbeaiere; 

AiskSp canidnrs, iind IuIj- 


DO , 

bie£¥. r r. ^ 

100 

-10 

Orchestra floonj-, 

m 

10 1 

HaJeenics.... r. . - 

DO 


Stage doons. ^ p ........ 

150 

liO 

Dreeing tfMJim . .. .p _. 

40 

150 

lirid-irun IliHir nr lly 


100 t 

gnUery: 


125 

Ciratio*-.--.. 

m 

m 

Well IwamHp 230 lb per 


IDO 

lin ft wr pair 
lIcAder iRiwusi, 1,000 lb 


-HI 

l>er lin ft 


IDO 

L^u rail^ 25CJ Ib pir ILti ft 



Projection r^vnni r,.. . 

! lOD 


Tujlct roonns ... __ - = - 

tiO 

-10 

Trausfortucr rooms. _ 

2001 

100 

Vaiilt^i. in fifliccs . .... 

250 ? 

liO 

Yarii-!? jind terrflU'eSi 


40 1 

jkcdcrttHutm.p. . 

100 


OecupftDcy or upp 


Armories and drill moms,,.. 
Afsemk^ly halls and other 
placw at a^mbly; 

Fixed svaifl__ _ _ 

\Coviib|e BPAUf, 

I^wlinff allesifl, poolmonwH 
aDa similar recreational 


Ccirridort; 

First floor.. . 

Other floorsH ^Aiae as oeeiH 
patiry sensed except as 
mdicnted 

t>ancc halls, -_____ __ 

Dining moms nnd 

restaurants. .p. . 
Garages (^kRsenger caia).... 
Flockra anal] he di'irigura to 
vmry 160 pereiynt af 
the miiximiim whwi 
load onjT^'here on the 
dLwr. 

TrUeJtp, ^ith luiid, 'A lo 
ID tonSr, 

TnjckflK nilh \md, 
above ID tone. ,.. 
GymiLasLiuns, main ikKirs 
uad bEdcoliiia!. 

I Lmgai^., i,, r +. r ^ i^ ^ 

HcHpiiaki; 

Operating mom-^..... ^ 

Private rooms. ....... 

Wofdai..*.. p -.,. - .. 
Uhraiies: 

ttcfiding zTHJliiS. ^,,.. - 
fitaek ffiicimg.,, + n +. + +. 
Corridors. 

Manufa4.*luring. 

Oflicea..,...... 

IdObLfttn,....,.. ..r... + . 
PefOil ibatitutioiis: 

Cell blocks., +«^«..... 
Comdqnt., , + * + ^ 
Itcfddentml: 

Multi frtHfiUy lKkLl!fitw: 
Ehivate ftpnrlinLtiti^.. 

Public roomfi,+ 
Corritlnni 

Fimi flcMir..... 


* Abo aubj^ In put !w tJittP 125 pembt m*KjmunL &lln tudJ. 

t laiTSK Sluiti ifWIICidfUTj- till* BiQuUllt. 

t l?w- wH«hl «f BClUll wmipniMU wlw^ pwdlrr. 
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TAflUt 3, Wssn PnMiuiirAr^ mn Wmt>m HEi^tfr Zoni&s Avdrrc Crqumd ^ 


(Tciichl lb ft 

ft -^-- 



20: 

25 

30 

35 

40 

45 

50 

£jsh than 30 .4 i»» 

15 

' m 

25 

25 

30 

35 

40 

30 to4«^..... 

20 

25 

30 

35 

40 

45 

50 

SO to l«l.. 

25 

30 

40 

45 

.50 

55 

GO 

1QD to ^. 

30 

40 

45 

55 

rsa 

*0 

75 

MO to 1,109.,..,. 

35 

45 

55 

00 

70 

m 

m 

i,300 nnd over*.. 

40 

50 

00 

70 

m 


100 


i tq- nuHJiLi tQ' 1^ 11 uil l^k wbid-p^mHarr m1i1[u±i lili thv Ijlb^r ihaQldl be nninrud 

wbfc^t b Lttded by M. v«lu« borwiirtrtHiiitjc to iJ» inSHiHi4m [^rmiwuhlp *ind iirmflun 

for tlbc ntorlirUiUr lonJity La Fki, 11. 

Tl^« ibuHi Itilwi UK r« 4 Wiii 4 ?ndi^ *■ pninioiEHii. TIj^h r^joirEnitati du hat pwkU ftir torimdaM, 
CldttinfTK, banka^ ULd aatkl UiWcn ohaii b« deiliiai^ Hfld cmwiInFEtMl to vithttiukd Ibr APO-uv jirMnurtto 
tnukMplivf by lfa« foltov^ f*etor« fAP+\ .43$. 1-1955); 

UadtonlM] CtoB« S«f tlf»l 
$qi£aj--r ar rK-urMluLuT. .. L L. I.OP 
IleTCMWlIlt W OCtiHPinaU ^ ^« O.M 
Ro^fid diiptieAl.. 0.130 


T.-ihle 4. Vonm Factosa 


Part or fH^rtkin 

Vidur 
off? - 

1 Dir^ition 
of foira 

Fleoriir ^fX3fg^ (xituTnippr and 

0.15 

Any ^reeUuii 

la any ot a huildin^t ot Llin 

RtrUci.iiit^ Eui A t 

-V + m t 

hnriADTitQlly 

waUft, ncnibcaring walh^ 
partitions, rroer&ljiiiiiiti}£ miuson- 
ly v&IUk over 0 ft in boiRlil K 

0.05 

Nnrnudtpsur* 
face of vrall 

CanliJovtrr parapet andothra’ ran ti¬ 
le vnr u,‘ull^ inetaiiiinfr walk 

0.25 

NnrmiJ toifiii^ 
face of Wall 

(Uterine and intifHor amanttmta' 
tions an^l upiHnida)^ 

0.25 

Any cUiertion 
tr^ri^onlaJly 

WlifHi connected to nr a part of a 
buI1dki|$i lowers, tanks; taweia 
idiiJ tanks plus contcnlfl, chirti- 
n$yn, flQiiakeKtai^kff^ and pent¬ 
houses 

o.a5 

.4.Eiy diris^tioft 
hofix<mtally 

Elovaled wiiteT tankis and olhtr 
toweMupported fitrurtiiri>s not 
suppfirtcd by a builElini; 

0.025 

Ant^ diroetinn 
tToHvqntnJly 


ASA Ar».l-l«4Su .... - w. . . .... 

^ Tba tplcjs Aii-tqi C «fT miiuintLta Uid PK InM^dEdl for lD<r!akliitia to mEnPailltflil tobltor dU- 

ttjrWlKM pf r#4*tiv«Jv MtoPiMy. Tor HLibiorl to atunc meVen luUArd, tbr VaJham iliiHilii p# 

ilwkWfd or muLLbEl^bv' 4, Act^Nlini to tlw ?bfc IntontFitwii dei erpiiipi^ii (if tpii dtlc nuor 

b(^ oblaiimd frncn t^ii Oopal and Qpudcljl^ fkjfT^y. LJpyarthirtat -of CoWilPi^FfP. Wpabifljrtah -5^ O.C. 

t Wlmv J4tv<ir-if1cid viitd kwid iirTtdiini liblMif aUvpin, toll liiiad iluJj bo UmJ bi ikq af |p« flirtor 

■th^vn, 

t jV b tbd niiipber gf itofw alHUi^ tlwt mnW pfunood ttdt. for fbnirp <m: huriiofiUi 

brnrnix. duUJ P* wly tlto nmubfr vl itorlni totatri^i-lifw .r 

% Tlifl dttiiKta dtod takd «f vcfelb And E^rtidgoi iIiaLI t» uiA*^ v tww not I*™ thui JDO |p f.^f pq ft. 
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?u|>pflrtmg 150 sq ft or marv tns.y be nsiuct^i lit the mie uf 0.08 periM^nt pt-r m\ ft an,*ii 
aupjmrled hj^ tliL‘ nM^fKfr* (No redufriioiii lire pafmitUfd for roofs or for &re»^ to \w 
owupwHl as places of public ajsst-inbly.) HowevtT, Hk? redyction cshdoI exceed eitbor 
eo pereent or 

D -hL 

i? - 100 X 

4.33 L 


where i? b Lbia nmximym reduction^ percent, Z3 this dend Sosd per square foot of arefl 
Puppor+etJ hy ihe membt-r and L the deeifEU lm« kiad p^t ii>qaiiM« foot of iirea supported 
by the meoiber. For livti leads exceeding 100 Ih aq ft, no rrdudtLon is permitted^ 
except for columns, for wbicli a 20 perwnt li%a«-|[iad rnluelion b allowed. 

In ndilitioii to the unSfoTtiily disnibuted Iiue^ loach! in TafiEe 2, A58.1 nMnimeinii the 
following concent rated loarb: 


Elevutor-macbiiie-rooin graiinK (on afen of J sq in.J, lb... 300 

Finish light floor pkle construcikiii (on area of I #q m.)^ lb. ^^ 200 

()^ce floore,^ 1S>. ..-.- - 2^000 

i?cyttl«s, skrlight riba, anJ uccessible i-Jcilinje?. Ib. 200 

Blciewnlka^^ lb.. - -. ^,000 

Stair treads (on tread cefilerX* 3b - + - - - ■ - - ■ . - 300 

Boof trvE!^ lower chord (any panel pointh lb..,—... 2,000 


Also, primao' stniclyral tiii>iiila^ife supporting roofs over gurage, manufacturing, and 
storage floors should be capabU; uf carrying aafely a suspenddj concentrated load <»( 
al t™i 2,000 lb. Chinewaya shuutd be designed to resisl a hori:if>ntMj iransverse force 
equal la 25 percent of the crane capacity plus the weight of the trolley applied une-hatf 
at thE' top of cftch runway rail for impact, Tbi^y should abo be able to carry a horirtmt nl 
longituditial force ctjual t« 12 5 percent of the total of tfw maxiTnuin when^l loads applied 
at ihiit top of each rail. 

All moving etcYator loads ^^houlrl be inenwHrii 10l> jierwni for impact, and the ntnic- 
tund supiioila -ihniiUl l» designed within ihi> limits of deflection prewribed by tiu* 
Amnrieari HtacKlard Siafety Ckxic for Elevators, Dumbwaiters and EH-albtore (Al7-I> 
and American .SlitiidimJ Inspeciluii of Elevaloni (A 17-2). The weight of heavy irm- 
chindry i^hould bir IntfeajieTj at lenst 25 pcrt^ni fur impart. 

To rw^vide for loads inciil^nial to consim-clion and repair, for .deet loank and minor 
snow onittuiry roofs should be diJjdgmd fora livu- load of at lea^ 20 lb per at] ft nf 

horix^mtal projection. Wlu'^re s^now luatia nuiy exoiHTit 20 lb per e«i ft, the roof should be 
designed for the maximum aiitlripaUd. If the roof is plieh(*d, snow bads over 20 Ib pi'f 
m\ ft may be reduced for i»ach degit'e of pitch over 20' by SHO — 0-S,. w'ln^rt! S Ip the 
intal i(TioW load, lb pt^r sq ft. 

Hinrs used For ffiridynlwJ prouieruide purptsn: ?ihouSd Im ■i|i? 4 iignLNj for a mmimnm live 
load of 00 !h per sq ft- When iiMed for roof garelciLS or ai^'mlily purp^iw^^ they should 
di^iK'tl for 100 lb pL*r ft. 

Exterior should be designtd for the wind pne^wun-s iitdiratoii in Table 3. IbMif:^. 
however^ ahould Im!- able to wiilwtand pressun^ jn’-llng oulward normal to the sturface 
i.'tHtni to 1-25 lime* ihr^c sperifiwi in thi^ lahk fnr ihi ir heighE Kone fabtsve thr groundK 
Tlu^ oulw'ard presrtun's sInmhJ Ei.>«r.una^| tn hCl on the entire reHif area. Ibx^fs with 
sluj^es grenti r than »ht>ulil Iw' rU^ignifd to wiib'^land wind preii^ure?, acting inwaixl 
riurmnl in ihc sttrfnce, n^ual to ihis^e specific in the fable for their height Bone and ap- 
plit^l in Lbir windward *h>ikr only. tM^erhanipng 4<avi''S ami corniccfl should Ih' ili^igncd 
for outward pECi^res equal to twice thorti^ given in Table 3. 

I- Abviiitid lliHe- liwdi Ki ««l QO U liTi^ of 2^ W] tl UmJ toTAtect te [midiiCB tnmtiniiiiq Rir«^ 
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H20 

Hm 


f^QOO^mofr^f 
2^000 ^rsh^r 
!$,SOQ for morrwn^ 

f9, SOQ ^he^r 

\ 9000 hr rOOft^fff 
\iS,OOQ ftv shcf^r 


[HTO 

• (Jhfhr/Tj tfOOWif.pe^/ff7^rfbofoffefr7e^ 

\ \/f/D J20} 



Fta. 13. H-bJie <UiiH iridth 10 fl>* 


W^'- fvo ^r/es 



rici. H. fi-S tnitfk 5o*diiiE», 
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IN FRAMED BTatCTURES 


Highwty-bridEe L4»ds, Hlghw&y bridges should be deeigi^ for dead lomls, Uvt 
Scmd, ihipwrt, cUituMi^iiumil juid tempertklurc eh&ugen!, wind, trftctioo &nd bmkiug forec?, 
atid fpu dkirvE^, lor euntrifugul lom.-#. Dead So&d on thi* main m£-mtjt^r« eon^iuts of tb^ 
wi^iKbt of thu deok, fmming supporlinji; the lieek ami traiiscoltting the Eo&d to the KiLoIn 
uiictnbcrs, brnoiujc And weight of the miun memhem theimc4ves. 

The tnost widely uitod speeiHaktiotis lor h.tghwny^bnd|^ atvt I boA? of ihe Ameri- 

pah AA^iAtion of i^tate Highway Offie!iLlj>. In thoAc fipt^dGcaLiriityi Rve eloadi'^ii tif Joml- 
in|!pc Are given: H20, id 15, HlO, H20-^16, and HI54312. Thi' LI loodinga aXv illiiBtrHilluJ 
io 12 And L3, Ai:id the H4:3 loadlnji^ in ll|0>=. 14 and 15^ 


JW 

i 




Fxo. I5. lime loiidinEis tlane width lU il). 


Tlie Jl loading consist of a four-wheel tiutk or the E?urn!flpotiiling lane loodixtg. The 
114^ loading? consifd of a liAcfor tmek with H^mltrAiler oj- thr* eomwponding lane loadingn 
Tbo IT-S Lfiiek l^^din^ tL^id for Ictubd len^tth? nl 40 It or kw aiul the 114? lani- loading 
far gn’Hter k^ngih.*!. Eiihef the H tnick loadiDg or ibe tl lane loading? uftd for all 
ri|miei ilc|iendiiiK isipon which gives the largiT sArwa*, For bridgi^s canning more than two 
lane# of traffic, in view of the impnxhahle simultanr^niF muxiiouin loading of all lanes, 
thi! foUowibg ptjrcuntsigiw of thti rtsiiilLAnl Eivr^ioad streskM) aiv. used; 

Thrw lutus... % |k!rTcml 

Four lan^ or more, -_____ 75 peiraiil 

III the Bureau of Public Roa^Js JVH;oniiiicndE4| pm altoruatc luoding for spans 

under 4l) fi "to overcome knnwn deficicnck^s in floor Kyprrem? of deAijpi^ fm- 

loariiog. Thi- rreunimenLlorl inoilillg corui.-ds of two l2-ton a.v]«S 4 ft apai-t. 

^Mum highway bridges caJTv^ cliwtric-milway traflic, ibe railway loading is dotrrtniiird 
on the bruslH o-f the das» oF tndfle which the bridge inay Iw- eTpocted To tarry. The pui^i' 
hility ihni the bridge may he reiiuired tti carry fnight catk shotild he given coustdemtion. 
The elcctric-niilway EnitiJing on eiwh I rack i«s a train vf two electric cars followtid by. or 
pn.'ftdi.'d by, or Iwiib Fo]Eowi‘d and preceded by, ti unifortn load per foot of track cor¬ 
responding to the TI or highway louding apecifled. Eb^t ric-nuliiay Icmdlngs arv 
^hown m Fig. Id and Ln^ght-car Inadinga in rig. 17, 

Sidewalk fluota, utringcm, and their irnnicdkti> iqjpjtorta are di^ignod lor a live load of 
S5 Eh pec iM 4 fl of ride walk aitra. Girdera, tniiiaios, ardus^, and til her me.mlM-ra for bridB?i‘ 
s(iAns ll*SE^ thAfi 25 fl in k■ng^h acr^ ilrngntHl for llus saim^ Imd, while for Lpridge spans id 
gnatcr length the sidewalk live load may be deereasLd tu m lb per sq fl or ksw in df- 
i4gning thesti pw'hiU'cv, 

For highway kiridg^'s, the AA^SflO speeifleatirms require a pmp^jrtioa of the live-load 
strv'HH i^mtl til f = 50/(L -h 125), where L h Lhe loaikd length, ft, and / the impact 
iHH^niHehL by which ihi^ iive-laad stn-^ k inidtipliid to obtaJn the tnipacl (numtimiiin / - 
0.30^. 

For winti loark, the A AriHO spedfk'a that ^ 

1. The wind force on trusses and arcbiv shail be aaauiiud oa a moving barbontaJ 
hja4l H|Uaj to 75 Lb peC nq ft arui on girdera and Ih^iu 50 lb per oq ft on the afi'^a of the 
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(il ruclurc iui AyiD in ficvAtioD, incluidinK tiw Hwr «ye<M>in nnd mitiugi (b&jH?d on a mini 
v¥«kitily oi 100 mpb). 

2, laLfnnJ duc U> ih* moving liw Ickfld afid tbtj wind pfL^ssurti it 

be cfltviiikimj bh. atlluD^ 6 ft almw \hi- mfuiwjiy eind «hftll hr Az* fDltuwH: 

liLjchwpiy bridKi»v, 100 lb pC'f lin ft. 

Highnny brklBjt!^ pfUrrjing c!i?etjie milwuy Traifir^ 300 Ih fn^r lia ft. 

3. T^wc ttiiftl a- 9 Funwd wind forop- ^hall bt nut lew ihan 300 lb per lin ft in the pletut of 
the loadinl pharrl nnd 150 |b pi^r iLit ft in thf^ plane of the nnloadbd ehord on trups Rpana 
find not. lew Ihori 300 Ih prir lin ft on junior ^panH. 


60-fi?n€&rs 
SQ^-J^On Cars 
40-fj^n Ci^rS 
JO-fan cars 
SO-fon cars 
l/rj/fyrm 


j- S2' --- iS’ - 

- ..46' --- 46'-—-- 

L- 44' -_ 44' - 

bi:^ —■ 


L jt?* 


M 66. 


II 


_^ i/rt/fbrfrr 


ClASS 

cars 
cars 
cars 
SO^fan cars 
cars 




w V. -Ti — J5£' 
. 7 ;,.. 26'. 

-..tfi— 20- 

,.f4-M^-^- m'- 
FtO^ 10+ ElKlfte-riiilira>' tmiiliaitB. 



1 




t 

— 

.„ 4^1s’— 


I—.; - 

ni^ , 

e3_ 






rc 

p q 


u 

...v-J 


Ui 






Fjg. 17. Fr«RhtH>&r Icadins^. Total Inudwi wpifiJit |J€^4- rai witti 10 ptfiivnV uvpt Iwidi A^im 
nf^>ily, \m,(m lb: TO^ton mpv'^ty, 2l2,mxi lb+ 

RfiUrXjnd-bridee Lutdfi. For rnilrodbd bridKtisi, the ti™ lt«td corL^^iHlH of the weight of 
lixtjniotfve ami tfidfi, whieh at^iS as fi jsypO^iii of ciTOPtiiiltnled njIUng loaibi--. Thfi" niaxi-^ 
mirni Sottd u>uiillv apt^rifli«l conaiBlti flf kcomotivia! i^tmpled foHowt-d by a 

imiforiD laid t^pptif^^nxiug tht* train ]tmd. A great varkty of cn(^' loidiii^ bm bwo 
uacHl by Lkn vanoLUi nulraul fivstemi-. Liteh gpnondly mrlectlng a loading ba^jii tan the 
igbta of diL- biasdcst bes^motive in w;rvict‘ or to lie fintidpatod ditrijig llie life of thp 
Plruetittefi tinder comndenitJon. Wilb such i^n^at diwrgenw in -pecifieatioiiB, tin? ml. 
milatioti of by letael methods pmibwJ variabb ftne! queHlloiuhle rwultn. 

Of the innumerable £ini‘« pmp^^tdt th** e«inprunii«‘ luading tkat hna hatl any 
rxtertfive is thnt proiioMwl by Theodoru Goopi^r in 1304, in thi?- tnudingK t-be lotHi 
on. eanh driving Hjth" delennin.i*ii- the rlaw* id bfulingj i-'fi-i in. Fig, I3^ whidi n^hows i,liii- 
gnunmAtiiralLv Cooper^'H E IW iDodjiigi wieh. driving axle carrit^ 'fiO^.OOO Ih, or ISO kipi^. 
Any Other clw iif Cooper's loading may be obtained dirwjtly fmm thia iine, m th« asle 
lo^ds are pTopurlioufiJ and ibe wbenl sparinipi- the AUne for each cIhjKj ^he eilnr-nt 
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STKEaSES IN FRAMED aTRUCTCHEfl 


fjpecifirfttiojw of tbtf AmtjHirAii Rjuiw^y EnRiiwriTke Aswwbilion ft't^nuDPiid Oiaper'ji 
E 72 ]ott(ii!iK (or mMn-lihp hridi^. 

To BoiBC frxtont, -equiv^^iit UBifomi trinde" an? used in stress eulmlAtjciiui. Tht y 
Bfomcwhal simplDf in LbMr ajiplit^&tion than mnc^nirrfited laad.H aud, if pro|DtTly rhosenf 
Bivp rvflLdts ai^iixiins; f.li)iK>ly with ihres* obtniTuvl by the usi: tif eohcentmiod \osuU. F<»r 
the tiimpleE- type of tht' imkuIntEons of stressw, usio^ aJiv ciiiu of the ronventiDnal 

wheel-load syati^rafi, Is not diKciilt und i? to be prefemd; but. for trussei' with more in- 


ta & 


Q'Q’ ^ cS- 
ka ^ «o ^ 

o o 


& s> ^ ^ 
^ 
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k> ^ ki ta 

Q Q JO 


%S 

Ft^ rr^ Ir^ 


ri /7s hth 
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Fjn. IS. C’iH-^r’4 K <>0 liMidiELyr. 


iricate of webbing, ajrhffl, eaniilisvrni^ mnd siiJipenNion briditt^^ the e<|Ui\'VLjf>nt 

loud offers a readiirr buliitieii. 

For bi]Mct oa railroad bridipai fhe AREA ^ix^eifiL'S il) 10 percent of tbi? live toiid 
ertivsk-w, netiii^ dim^ELWard oa otie mil and upwanJ on the ultuTp due to the rolling 
plurt 1,2) fcir jiteain LiKOincflavra a |jL>nrfnL 4 ig}i- of the live-load J4tn?^ equiJ to 100 — OdiiOA 

1 SOfi 

for (ir|]Biis ]e?» llmi] 100 ft in li ngth nnd ^ ^ + 10 for spftllF gtealer tbflji 100 ftp when? 

L i^ thi? U-ngth, ft, winter m centi^^r of ttupporla of niriciKem, longitudizul girdem, and 
(for chord-* anrl main members), or iTor floor beams, flmrdxiaiu lingers, and 
fqjiMliagnnalti at tniiw^wi the length in hid nf flixw For elertrie locomotives I hr 

plus prrwntiii^' is -— 4* Is O. 

£j 

For ktuj^k forces otj. rnilrotul bridges, iW ARE.\ sperifii^, rMt- 

L The Urend force on the stnirtbim Hboll be a movuig ]oml of 30 lb pt-r sci ft un 1.5 
liiix^n its VI rtic?iil projection on a plane pamllei with its ^\s but not h ib than 200 lb pi-^r 
Lin ft At the loml^ chord ur ftAnge bcuI 150 Ih p(?r tin ft at Ihe uiilo&diKl ehunl or Rangr. 

2. The latero! fom? on the train shhll tx' a fnnving leiid of 300 lb per Ico fl on one track, 
applied 8 ft nhot'e the top of rail. 

:l Thi? lalerat forw to pro^-ide for thi? effect of the noidog of loeometivex, in addition 
to Iho Laioral fora.^ speeilsExJ En paraKTaphs 1 And 2, ahall fji' a moving Juad nf 20,000 Ih 
applied ai the top of rail, in either harixonlAl direction at any point of ehe span. 

When A tmin sets iln brakes whjb rroRiiing a hridgi?^ a homontal fora? is ejoertisJ on the 
truck ihrougb the friction of the btnktNi w'hix'^U. Thin force u nsnaEly taken as 20 percent 
of the verliflil liw lo*d anti w assumiii to be appUi^d S tl aluive the lop of the nul. 
Houvver, whi n Exitiur' of continuily of ihe mdlj part of the force ifl imnsmitted to ihe 
roadbed Ix-yond the tfcridge, a 50 peroont irduction in thi? lartv w |>ermitl 4 d. 

Wlh n A train erKBPs a bridgi? on a mnn\ it oKertB eenirifugiLl forces on flit- slrueluriv 
The amount of c^rntrifiifcn! force F ihjA-cloped by a Soad P moving In a curve wllh a 
eurvalnre of Ddi^g is 

F - O.00flOll7r/>/» 

wbi?re r is the velocity of the irain. 

Moving I^Ada ud Infiuanc? Lmb. Oik- of the nnstt helpful devici^a for solving 
problems LuvolviDg moviitg loads w an influence line. \Mwrcad. shear and moment dia- 
granu evaluate the effect of loads at nit iiecttons of a stmefuro, an influence line mdiciiti^ 
the effect at a given scelion of a unit load placed at any point on the atnictuiBu 
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Fur ciamjalu, to pkil the liou fur biMiditys muiuwull at itome point A on a 

lieAtn, It unit Soul ifl ApplbJ At !tonu< poim The iH'tidinn tuomejit nt ^4 iluc Ui the unit 
kkftii til B i$ plotti^ AH ordinttte to n foiiv4.mk!nl Kcole At Tb^ aiwne pntrodun? b 
followed with the load at evtry point alonic tlie b^Ain Auii a ruree b rirnwrn through the 
poiJilf thus obUiiujd. 

Actually^ the unit luad Eieed tmt be placed at ever;^' point The equation of the in- 
fluc^nce line ean be delermjiMBcl by placing the load at an irhitmr.v point and computing 
the bending moment in genetml 

^ppcrte wr wbh to plot the influence lint^ for ivacllon at A for a pimple beam AB 
I Fix. place a unit load ol an artjitnLry dbtaitce of xL from B\ The reaction 

At A due to thb kiad b xLfL - x, Theo j b the L^uation of the influenct^ line, 
ft reprewntp a straight Hne sloping upwimi fnim lero at B to unity al A ^Fig. 19a) ^ 
Tn otlK’r wardm ar the unit load moyea AarosB the Iwam^ tint iraetinn at A inentadie# frotn 
lero to unity m propoftSon to the di^lancc of the lead from 





Fio, t& 

Figure tS^ sshowa the influenrf* lim' for hiMidlnfi munteiil at the center of a heani. ft 
rwmbles in appearance the bi^odidR-momenl dijigram for a load at the center of the 
heam^ but its signiheanct' i? entindy different- ^rh ordinate gives the moment al mill- 
ppiin fora toad at the corrct^piaTidiux Icfca^ioni. It itidjchiTt's that. If a unit load b plaei-^l 
at a diFtance zL from one tend, it produciip a lieudifig; nmiiiiMit td at iIh’ center i>f 
the span. 

Figure I9c showBi the influenct line for shpar at the quarter point, of a U'ttm. When 
the \mii is to the right nf the quarter point, the j^htar b poadtive and equal to the left 
rE^actiun. TATken the Ida 4 b to the left, the phear b negHti^T? and equal to the right 
leactSon, 

The diAgram inciieittei that, to produco maximum phear at the quarter point, loads 
should be pUrvd only- t* the right of the quarter peuni, with the lafKefit load at ihe 
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quarter pdntp if pcwifiihSo- For » umfonp losd, mA-ximuin i^hear iwult^ when the load 
extends from the rislii uivJ of the btnifii ip tb; qimrter pc«Tit. 

Hupp^fH.-, for exjimpkv b'am in ii enuu^ pnii'r with a ^|hiU nf ft- Thi; whi.t4 

hnwb are kips and 10 klpi, fi^spuctivoly, aod jut^ ^paei^i 5 fl nparf. F«r mAsimum 
^hear at the quarter polol, the wLjxiIk -ibould bo pLtKerl with the 20-klp wheel at that 
point awl tb-! iO-kip wheel to the riKbt of iL Ttu^ eomwpondin^ on.linati^ of (b" in- 
fluA^nee line (Fir. 1 Sic) are ^ and X 34^ I he nuirimuiD ahe^r at tb' quartA-r 

ixime w X M + 10 X X H - 51J kip*. 

Pif^re I9d sbowt^ inflneiiee \mim fur lietidinjt tnopuMit at A-'veraJ pojnta on a beam. 
It IP nrnteWEirthy that tb? ajieXi.'p oF the diaipiiiii.>« Fall im a parnlJoLa, m ahnwn by tb*! 
danhiiil line. Thin mdicatep that tb' tna^iinuin mottunif prfKjyretJ Ht any section 
hy a Hirighi ef^atcint rated ]<mii moving aereaH a tHtam nreurp when the It^ad U at that 
neetiun, and llie magnitude of the imiximum moinetit inoreane^ when the aeetion ig 
moved toward mid-^pan, in ae^coTdimcv.': with tb.^ eqtmtinn Abnwn in Fig- I fid for the 
paralHila. 

Maiimum Beodlng Bioment. \\lien thf-re ie omre than one bail an a span, the in- 
Otienoe line ui^eful in devebping a eriterion for drlortnininjc ibo portion of the loarb 
for wtiieh tb^ hending moment h a maxlmuin at a given iiectiotn 

Maximum tiemliriK monu^nt wiU occur lit a section of a ^mpb beam am movi^ 
aenwg it when une of the Etnuh* m at r, Thi' proper IohaJ to place at C ig the nne fur wbirh 
I be espreaHion ir^/w — IFt/h (Fig- 20) changes »<igii aa that loarl psasw from one Rde 
oF C fa ihe other. 

Wbijn sp^raJ hiadiP tnovti arrosg a Rmpli^ htiam, the muximufn btim|ing mniiHinl pro- 
iluccd in the bi HJu may be m‘ar bul not iu'ee»mrity at mid-«paii. To finil the maximum 




t ^ I " 

% I I 4^^' ifi 

g?Ta^ ifc d 




7^^ 


I'ltt, 31) 



m-oiia^nt, firnl dotennifie tht' portion id the Umh for luaXEmmu munv?ni ai mirkNpan, 
Tbim, tihift the lutulei uiitU ik’! hiad Pi (Fig. 21) that wan at tk' writer of tb^ beam is set 
far from mid-^paii aa the An-uStant of all the loudif on the fifpan is on thf other side of 
miti-spanr Maximum moment will occur utider F^, 

\^'kn other kiwl^ move on or olf ik npati dujring Lhe ahifi of Pm away from mtd-s^paii, 
it may be newsaaiy tn investigate the monumt undyr one of the oLhiif leads when Lt and 
the ri^ltant are i^qniilintant from nitd-apm, 

GRAPHIC STATICS 

Representatioo of a FoircCr tiJnei; a force b completely detenniiMjd when it is known 
in amount, direction, jmd point a\ Applieatioii, any for^' may l» reprinted by tlw 
li ngih, dloction. and position of a irt might liia-. The k iiglh of the line U fixed by tk 
n.daiiou ktWH^n the amount of the given force and a prmrnuip^i unit oF fnree. If tk 
unit of fqirtif bt Taken aa 1 Ih to ihe inch, a line 3 in. long r^presenta a forre of 3 lb. 

Tti^' graph iral n-iiti^wiiLaiion of a forixT may diwignnted by marking tb^ liiu* rvp 
n^Hfl-ni.ing ik fiirix' with The Jetb'r t\ ffdlowrnlp in inidnmre^^ liy a Mukcript {Fig. 
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22cij, or each extremity of the hita* nmy be lEKlld-aUid by a letii'r, and the* fpree 

to by nuQflJiH of these letters (tig. 226). Thy ditvctlua qf Lb« foreo luay be idven* when? 

by an ilftow on th^ liny fi'pmwqliifkg tta* feir^, Tn the i^c^eoiid iDethod of 
givuii aliovei tile onlur iif the leltojrv pwii in referring to & indjcat« 9 c 
it# directidth; i.e., id Fig. 226, to the upper force uh Indicati!# (hat ii acts from 

rt lownjil &, while refctuDcr to lha lower force an m iodicaton that It nels from t toward a. 
A diilgnirri )*ueh oa Fig. 22 (o or 6) li^hjekMhowiv the tiEialylicaJ nelaiion of the foroesactitail 
—their poffiLtiaru, direetiuos, ami muqimla^ifl knowii aa a '^force fliagturti ** 




Fin. ^ 



Compositioii and Resoluticm of Forces. In Fig. 23, and Pj mpctiKitit two forcers 
in the aaiw plane acting nl the podnt o. The amount of the re^ultaot of the twu forct»f 
h given by ihc liiiigth of thr dingonal of the luirallelograiii oebc/ eonstnicEed tipon the 
two gii'tjn foroeii as sides. A ringle force applied at tlw^ point, d, acting In the dUvcition 
of point 6, of nnnmounl represented by the k-ngth of the line will noplace Pi and 
in Ml far a^ accnniplisbing work is concerned. A force of the same amoiint but aeting 
in tht! dimetion will hidiJ the fnrrea P| and Pj in equilibrium, i.e., at rtest. If 

the force n^pniiented by the line acts from o toward 6, it is the resultant; if it acts 
from 6 toward a, it ia the equilibrant of the gjvon forces. If anotlier force Pa wen? 

c S 



acting at poinl cr^ it could bo tomhlnml in n sinular niannrr with tb: n^nltant of Pi and 
Pj to determine the rwultani of Pj, Pj, and Pi- The procctyi of nrpluciiig fuitva Pi and 
Pj (and more if presiirntji with tlir single force w6 l» called the rojaposilMMi o/foresa —Iwn 
Cor morv) forces are wmbhu'^l into nm^ fhi the other hand, any single force may ho 
refolvod into two comixinenta aclrng in uny given directions. The elution of this 
probleco, cnlktl iho rrawdidiVia hjrros, is tb^ fi^vi'rtH' of ihat empln>ied in the romiiontiiiii 
Lhf forces. 
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Tb-e ForM Trifn^Ie. R4:'^^rn?n^w to Fig, 2^ tAioven tlmt. In cirUt to dct^j-min^ tha 
amniint i*nd ditr^tluii of tliL- ]TSulUnt of Pi B.n<i Pt, It mi nvot^ssarv tu cotu^inict thi* 
comploto iMimilctiiRrftin arhd. From c of ib+i for^e Pi, ti Unr c* in drawn painlkd anil 
f^uai to Pj- The triaiiglo cwfe in colled tlu' /we fn’flnjrfe and ivprvw’ntfl gmpbiadly the 
nslaiion bcitwetm the forced Pi^ P^, iukI od. 

Thun it in that, if in nddition to fore^ Pi arul Pi a third Torre ba b applwd nt 
point a in tht; direeLioQ from 6 to a, these thnt^ Tarccfl will bo in ertmlibriiim. The point 
a wil] then retnaijj at Mrt. Ft niay iiciw be wnelyiiod that^ if meeifin# m n 

point Qff in eipiiii^jnum^ wiU /arwi q eitmd irimifftt; iind not only will tht^ three \\m^ 
parallel nnfl i^tuiJ to the three forew respt'ctivet.v form il c’kMcd^ threo-tiided figure but 
also the arrows repro^ndng the direction of tlie forces will ad poiihi in the lainc direction 
around ihr Iriiiiigte. 

Uy applying ihw prineipJe, any one of ttu- thni* forct*? may be Julcitnindj in amount 
aiiil direct ion if tiu' other two are fully known, or any two of the forced may be obtained 
in amount if I heir directiocii are given and I he third force is fully known. 

The Force Polygon. If Insti'iuJ of two fum-H, thn^ or morv wete aeling at point a, 
the resultant of tlars<‘ forces could he dotormim^J by the applieatioEi of iht^ 

piindple of the forre trianish?; two forotis an> finti compost'd iiile ode, and thia one com¬ 
bined with the third fbn?e: tliw proceiH it* tuntiEimxl until the last force i« cambirLed with 
tbe resultant at all the olhcit forces to ilntertnkue the rejmItMit of the catiie i£ruup. 


c 



Fin 24 


Flit. 25 


Flgun? 24 fcpnwiLla four forces P|, P-, Pj, ajid P| acting in a cominou |Knnt a. 
Assuming that they are util in equilibriiiiii, let it Ih- n't!uired lo find tb- force iteiieMiary 
to produce a condition of equilibrium. Forcstis Pi ami P? ate combmed as dcseriby in 
the preceding article by iMimphting the panJlcingr^im ahrrf. The rc^^ultant of tb-^e 
iwu forces in tb^ forw nr arting in tb- din-cUon from u to c. Jt is now assiuned tfiut 
P] and P± have b^sjn replam^l with the one force ac and there an? but three forces acting 
at o, i.e,p Pi P*, and ac- Thi? force or Ui combioed with Pi by conaEnietLag tb^ peinillel<> 
gram ocs?/, the diagotmJ oc Iwing tb? force nectAHiry^ to re|daee oc and P^ The force# 
fW and P* am then conifiind^l to del ermine nfl, the n-snitarkl of the four original forte#. 

A rtndy of Ftg. 24 nhoWh lliat it bt not necewaiy tu compkite all tb- paraLleli^itnim# 
in Older to obtain Thi- polygon abag, of which four sides iin' n^pt'otivoly panilkiS 
and equal lo forrts P], Ps, Pa, and giviw chf" rtquin^ inforiuiitioEe Tliw polygon 
is for clearm’j«s in Fig- 25, The liite drawn from ihi? lh?ghtnijiH a to the emi ff 

of the Umi known iLun i■^r of the polygon, contrary lo the Otdej- of ihe forci-fl, glVI^ the 
intensity and direction of the n^sultant of tb' fuur jaoven foreen. A fum? uf tqual in- 
tenipty applii'd in the uppodto diirelion, from g to q (in the direetion of tb« farceaK 
wnidd hold the four givon forces Lti cqiulibEiuiii. Fnant a would remain at nat under 
the aelioD of five forftis Pi^ P^ Pi, P*, ami go. 
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Tbt‘ ronncd by the euccecnvo l&ylojt oft of Imcv paniJtel $jid equal 

to givc’U forcvs, Hi eallwl lli- /(sr« trmiig^ expandHl, By jtii 

u#e, luiy ow of a number of forvfn artinK at a point iti m Ftallc Jtnietuns may be 
iniDed iti aninuat and ciin?ctian if Unr others ju^ tompictely known^ or any two may be 
ohLamed in nmuutil if lite)' air known in dirt^on aiul the oEher foms in anioufit mvi 
^^tion. Thf force polygpn nerves a itimibu for a strita of fortjee not mt>oliing 

in a iDointf however, it does not la this case dutemuno the point of apidiciLtinn of tbe 
unknown force. 


/ 



Fw. 


Application of th# Force PolygoiL Tho emuu Enias of Fip- 26 oonsiffta of a vnrTieaJ 
poet Wp Mjppcrting a boom do, from wMoh thu toEtemal load Pi is stispendorJ. Tb.^ 
boom is anchored to the post by the lie rod be, and the poat w In turn anchored pt it 4 i 
upper end by the backstay at laftemd to the ground. In ronamiL-liug thy force priEyi^u, 
Pi (■ ffiw) ia kid off eqiud to the exteroaJ load. By drawitif^ and nF pamlhd to f^i and 
rI, respectively, the vnluoF of the atrwses in these two members arc obtained. SinubuHy, 
ffij and tj determine the stresses in 7i and T*. In the trinnKle mnl:, tk' direction td Fi 
k ktiowfi. Folhwinit around the irianj^ in the direefioa indlciatL-d by F|, aj aela from 
M to ki and. tranafernng tbk diiection to the truss dioHram^ the uttem in f i aeu^ toward 
the joint c and ii thererore rompreswiem- Pnwctling in the direction from k to I her 
>-lteafl in Ti k tetuiiQo. In the trmnelv kmj^ dnoc Fa k in tension and acla away from The 
joint &, the liireetion to be taken around the triangle is from m to L This indieatea 
leOKion in 7i and oompn^Eun in T*. 

The Equilibrium Polygon. Tlie im^Kliiit^ puraj^phu have tkalt nTlb concurrent 
frutofl imly. With naneancurrent forcoa, the itiethixia m far uacd become cuDita'rwomo 
and with a syidem of parallel fortca do not furnkh a aolulion. A itenj^m! melhod, ap- 
plical>le lo ail cusl's invulving coplanar forces^ is idufit rated in 27. Tk* forcta 
Pi, Pi, ai3d Pi ncting upon the given body are not in equilibnuni. Tbe amount and di- 
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rvetioD of their resnilUiiit lire ohUlm'd from th: Force poly 15011 aMc TW line of action 
of thifl rcsultajii may be determined folIowK. 

From any point O in the Force polygon, a liw: may be clraim to t'acti of tbe vortice* 
of the polygon. Finee the line# Oo: rjkI Ob fonn a eloHKi inaORle with the forct! Fi, thtiy 
represent two Fotoqs that will hold Pj m cquilibiiniii^two fnroc^ that may replace Fi 
in the force diAgraiHr Fn Fig- 27, at smy point m no the Iiih* of action of Fi, lints mn 
and ror dr&wn parallel to nmi Si rwspectiiPvSy fFprewiit Lhi- liin^s tif action of thise 
two Forces, 8 iniiiarl%\ Si awl Nj rt^prt>-itiot tw^o foras timt may n^plitn': Pi- Thi' line of 
actlofi of ^11 ha? already fjeen by tiu.! line ma, Fnim point of iiiterm!ellon h of 
Thi‘ lint' mn with the force Pt nr In drawn pandlel to Si. From r^ rj a drawn pamllel to 
.Si; anti. From f^ i* Umwii paralk^l tci S\^ Linton mr and JiF, which are parallel to .S* antJ 

respect iwly, repnsimt the Lima* of aelioti of Sj^ and S 4 . Thisi^ latter Fortes togethiT 
with the r^liimt dc Fomi a cWd force irinoglc. Si, Si, nnd iic tbereFore represent u 
aeries of iha'c fumM m et|ni1ihittinL To fnlQll this eomlilinn where three Forets only are 
involved, the three forcee mnat meet at a poi&t. The line of action oF the nauhant ite 
(PU?t LhelefoiO paaS through the point of inteiwetiun 1 C of the lines J 71 P and Thu 
rosidtant of thi^ four ^ven forci^ h thtu^ fully dcterminei], A Forte of iniiial mairnitodt! 
but aetijng Id the oppomte direction, i.e., from c to a (in iha tlireetinn oF the rnrcea in thu 
forte polygon will hold Pi, P 2 , Pi, and P 4 in oi^uihbnym and keep the body cm which 
they act at refit. 

The polygon mncjfir represents & jointed Franui which, by means oF tlir* of 

tension and eompnession in Its various members, eoolii hold the given fortes in equi¬ 
librium, It ia called, thi'n^fore, an ffr^iltbnuai iPofty^n. The amount and ehnraeter erf 
ilress ID each nF the rai'nibcrs of ihc jointed frame an.^ given by the lines Nj ,,. Si in the 
force polygorL The pofnt O b odLed the ' pde/' aiul thu^ line* Si ... Am called the 
"rays" of the Forte polygon. Obviously, since an iiihnlie numlitr of puls** mny be 
f)cIoctc>d and an inliutc nombej- oF starting ^Kiints may lie uMal. an infinite numbed of 
equilibriohi polygxms may be ilrawm For a gi^tn gititip oF foretf*; the fitiai ri?ai4lt will, 
howevirr, be the same for all; i.e., the line of action of tfai rt^uUant of afiy given Fomr 
grotip, dctermliktd by one ec|Uj|jhHiim polygon, will onmrJde with that found by any 
oF other pcwlhle polygons. 

EesultAJit of Parallel Forces, In the case of a system of parallel fnrt*»^ the forte 
polygon beeomri'a a ^raJght line. Figtire 28 represents a r^atetn of Four such fortes, not 
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in i^uJUhriuDi. The Tfircc (Klvf^n nbcde v h Ftmiuhl line^ mnd it* Um, gavfw 
iha- iBEipiitude and djivtitkiii of the n^ltant. For TOtivi^nicnct! in rbp fullowin^ mn- 
janiPtion, ttwj forces rtrpn*#!Pnt(?c| hy i^urb tif the of (be foree polyi^iQii in 2 S bjv 
indlrated at ibci rip^kt fif die ptiSygon. To hold tbe (fiven feunw# in r>t|uilibriiiin^ h force 
cquni in luiiotuil to ni, urtinfc ypwanl from r lo iis^i4^r>v. The line of action of 
this force Id di-UTnuni^f frnni iJit* i>qiiilihriiini pfdygon. 

The O ia delated and the nt,v¥i dmwn to the vertiRM <rf the force j>otyKon. Fmni 
any point, on tk^ lirw nf acHon nf Pi, line? mn and mi ttre drawn paraJbid to Gh and Go 
{the mvd thai fumi wish Pi a ehiwNl force (rinitglel re?pecri%^4y. From n, the pdnt 
of inter^ieeLiun of mn and tk* Isni? of action of Pb. a Iith- nr i? <lraw^ii poraJlel lo fk; from 
r, a line rs h drawn parallel to Gr^; and from i, a line m k drawn parallel to f>e. The 
point of mteiverUon w of tk lines mi and jht ie a point in the line of act ion of the roMilLant 
fonje. An upward forct; i^ual and paralkl to ta^ Hpplted m I hut its line of nedon 
thiouRh point w, will hold the forces Fi ... P 4 in eqidtlbrium. A downward fnter of 
the aaJTK* amounl irill replace the jciven forces. 

PRESSES m TRUSSES 

Strefbaps; in roof %ru§m due lo dead axui ?now loads may he computed nirntytieally, ar 
gmphieal methods may be used. For all trufaes except thow having a simple n-auFar 
fomi with few htoH im-mhers, the ktlcr meShod usually fLiroishes the readkr solutiuD. 

Qmphiml Ana/ysM of Trujw#. The strem^ in the tniss of Fig. 29 due to dead and 
snow bftflH arc to he determined jpraphiniUy, The comkni'd dead ami ™ow panel luzul 
is 4,;S®0 lb, Tbe diagram of (ho truss is repeated in Fig- 30. In ihig dlagranu the lru_^aets 
Hjv lettered in the spaces between the members itnd ifwa loack and each member or load 
ia designated by ineana of the letters in the adjoining -Tpaceaj i,e,, the first verticaJ is Ef\ 
the left lower'Chord member w ER^ and the left reaction AR. 



For oqt|ilil>rium, itm esttrimaJ forces on the tru,*^, comnsting of the iiow'nw*jytl panel 
limd^ and thi? upward reactioiis, muat form a ckwed fnrw polyipin, On necounl of thi^ 
M.VEiimetrj' nf thi^ loads, bfjlh in amount wnd in poaitloii, I'arh ^action one-half of 

the total downward load on thi' truiw, Since lhE> eactertml ffirtea ate paralJel, thr slder 
of ibo forep polygon lie in a straighi line q , nVu {Fig. 30), CLKUatructed by laying off 
Lhe pani4 loads in n^gnlar order fram k'ft tn right and the reactions eciual to oV and ro 
at the rigikt and left ends rt^EipiicUvely, point r king midway betwt'en o and a\ 

At the ti'ft snjpport, the extertml forces AH and Af? are* k'ld in ivjuilibriLim by the 
iiiteniql stresses in the members HE and ER. These four Lhen.^ure form q cIqsihI 

force jKiIygon, The vert ices of the forev polygon ar^ kitrred with tk- lower-«wni Ivtlon 
n>rn¥ipunfting to the capital lelteis of the try^w diagrain. Thnaigh iW point b, a litu? he 
is lirawn pamJIcl tu BE^ through r, a luio n is drawn paraHel to RE. The lengths of thu 









6-26 


IN FRAMED STRUCTURES 


linen fcr and n^mnirvd to tbf sotJe nf tbr Iciaii line, giire lh& nuiiiiluiJet* of ilie atrrmirt 
In BE and BE retfpwrtindy, Td dffli.-riiilnL^ ihct rhameter of thp It k njeesKf^n' 

nnJy to Iraw the fortira around the pi^^lyjion in re^tiljir onder. For rqulliliriuit 4 lint fom.^ 
mmi a?t in the B&nui direction around the palvKon^ The renetion m nnta upward, and 
the ba4J at downward', h4.^nee, the ^ mui^t art frem b to nod the ELnaia tr from r 
to r to o1d« the polji’Konp TrmnffimnK thi^- two dtrE^etiotiE to the tmm diaitfatii, tW 


^sao 



ptjw in BE dciwiiwfkid toward the joint under corwidemtJon and tln^ atnsiw In ER 
ar^ away frocn thk joint. HE k thcfrefore in rociipn^mion and jE*^ in teTHuon* 

The stifs* dtai^mm b cO'inpleU^^J for the aivi.^n Innw hy rnnKtrueiity? a fotue pcilvRon 
for wich of the nmaining jciifil«< m niKukr order. Jodnt a nnurt Im ei^tiinEfervd before 
joint *1 In order to determine the i^ni^ in EG\ nihijrwise, thi*n;? would be thriM? luiknown# 
at joint 4, and the Kdution nf thb joint wuMild be impoeeible. Th*' mmplete wteeas dia^ 
Bram y Bhowii in Fig. 30 V^Taeu to the of the load 1iin- aa% caeh of 

tb' lin^ tn thk diagram repn^nU the oiagnjlude of the combined dead- and inow-load 
vtrcfii in the corrvaponding tnembor of the tni^. 













IN TRUSSES 


B -27 


It ii piiMibk- lo dfitotMiM? thi! i-.hiwBrt*T i?f the wtnefia Iti coeh member td tlw! trma 
irithout relereiiw to May cilher iwhiUt or \tm\ and thuf save ecfiy^ldi-riiijle Lime in ihc 
^trese detemiiniLtkim In Fik. 30, the linwls riuI rL'stctiom were Eaiil o(T on tlie load lice 
in the order of AB, BC **, A*E, EA —clnckHm^ nround the tTus». Ttu 13 btlientt'd 
by the elmiVr nrripw on itw* atrersa dingmin. In pn^lng nroLmd joiiit 3 in ibia «imf! 
ilirtetion. llie membeni and pacUTroil eweur in the imJrr GF, FE, EH. The 

forre polygon for thia jginl ia htkJ mupt bo followed Iti this same order, idiiHs thiT 
loed ftc acla downward mv\ m bud off from A to c. Bonee^ the stress in CrF acts from ^ to 



/; wbnn tmnsforrE^J to the tniafl dinKtam.^ thiH dlreetton is Inward the jdnt^ and GP ia in 
I'ompreseion. In like luannrr, the character of the stress in any membi^r may be ub- 
iftitud without n-fonmee lo any other. This method of detemiining rhamrter of 
ihe Hlmses bs ohtninid froiu thr jttmae diagram w known (u* the ^ th^ n'mdor 

It is hilt always possible to bv^i the stress diagnun al one of tbo end joinla. In Lhi* 
truss shown in Fig, 31, ihe stress diagram is begun by cutting a Ehreular sfetion ai Lhi> 
jwak joint. In this section, only two unknown qiiantiiica edst, and the delermitiation 
of the sliTfAca in CE and C*E is possible. If the mnstmetion were aUeiuptt'il by (init 
cutting a s^ielion omuod the end joint, thn.*e unknown ert insseii would make the aiifilysls 
of ths joint itiip4:»flibk\ By starting nt thii! peak aid workjng towanJ the enib this con¬ 
dition is obviated. The complete stress duigmm for l Ills Trus^ is shown in Fig- 31. All 
the tnA'mbers are in compreadon esw'pt thr tic PE, which is in tension. 

dsoli/tim/ Antdi^wiA^Eotf/TrvSKi. Tltt' net Ruction at ,1 in Fie. 30 is 2^ X 4.3^ — 
12^300 Ib, Applying the fiiat two eaudiliDns of stulie ei|ujUbriuni^ Le.^ = 0 and 
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IN FHAAIED BTHCCTUHEe 


- K ^ Op Mild t&lda^ Hicceswv^^ joialH uh free bodies, we may deWrroiiw Lhe uliejwe§ 

fallow^: 


.4^^'nl I, 
AijmHi 2 . 
Ai jaini 3 


fifB X + 12,300 - 0 
15 

EH - X 27,m - 0 

30 


BE - -27,300 
Eft - +24p400 

.. 0 


^ds - ™ =< ss;" 
x in; - HS -X ^ " 


15 


At joint 4..Gf{ - 5,500 X 57—7 “ 0 
JOr54 


Ai jiiint 5.. 


+*'■*” >'dl:+“^ds-"*’‘fra 


Ft; - -d.htOO 

CG - -21,800 

€H - +2.500 
4.S80 - 2.500 - 0 


-21.800 X 


33,M 


DK X ^ - HK X = 0 


33.54 


14.14 


la 


Aijmni 0.. +2 X 10,300 X - 4,S60 - KK' - 0 

dOr^r 


HK - 

DK - -115,300 

KK' = +ajoo 


Reactions in Trusses Due to Wind Loads, S^incc: the wiiuJ preiaitLre on 
mcdi acts nwmal to the rwof ejtijfuct% ihe load line h not vortical, and the ii}ftclioin< nro 
n<X v^ua\. n belli euils of the trusB mv aiiebon>d to the walls in shJeh a mfianor that 
each wall fumi^L^i refflatance to a hurixenlal thmat, both lenctitmic im? Ladined. 8in«‘ 
ihcre an‘ fonr LUtfcnowjiF i.aiiii:*ULat and ditwrtion of each Molloii) and only three equa- 
tioiia aviulahle for the eolulion {'ZX =«= 0. ZF = 0, and «.lf - 0), an asifsujniittiji] musl 
Ije mntle an te ihc distributian nf the. hnrisoolul ihrual ta^tweon the two reactions, tine 
amimpliun often nuuiir' is that the horisontnJ c^inipciniinta of the two reactions ato 4*^0411- 
awumption ia lhai both reantionf an? parallel lo the n^ultant w^Lnd loati:® on 
the The latUT natminiitioh is ai? n?aiwjialply necutale wi the former and ixTnuta 

of It nemewhftt earner KnipliicaJ nolutian. 

In steel lni™s^ especially for the loryeur Bpans, proviiiion is usually made for e^pansien 
and centmeiioEi by allowin^^ one eml to rest on Toiler# Id sueJi a numiu^r that the t nuoi if 
free to move bonEontally at this end.* tn Mich raises, the reaction at the end rniMt 
be eertieal, since no pmvisjoh w ninde for misting a horuoiital prt^skirc at ibis end, 
The unlink horiiontal eomponi'iit of nil the w4hd paotii ttmds iniiJFt lje ri-yd^twl by thes 
cnhfr sup|i4>rtH wbieb is tinjd ripd.Sy to the wall in orsk-r to furmsh the rotjuire'd honsontal 
nrstrtaiice. Ttw^ reaclViiu at ibi’ Haji'd end will therefore be inelined at nn angle, unknowTi 
until the cwnpk'te aJialysia of thi' eatenml forws is made. 

fiL steel tniiHefl of shorter spans, the provision for u^paoHian and contreetioD is nuofi'' 
by merely allowing one end of the truins to jtwt frtstiy on a atoel plate wrcurely fafiterwtil 

^ I tlw* :pniylM«i ii pi%f^ nw^ IbKi^lk^L itum rimrUr^, f ktl«- I hr Irtum ip rT«la^ tiw |iU]f altfJHiiiu 
i> Kiirm lo Um inaiAtMiUH:?? « tJrf ndicr bwincP in M ffV'tiimtw ™ni|ltiaii, WTsiWti a rtitilut i* Ptifliewlrtl 
fiMHI the tnww. tlw i» nriEfi EKI nuijk r«t ll>4« 4jirnrl HriT « FiHJVirhimit irf tin- toM flnJ d Uiff tlUr* 

lii'nD lih*' <^1niKi |r it iii'er4‘‘ 4idn 1lit^ Iv'l that Uip apltii ■M|j|aa'liiap Uir Ijuianiii arf^ qiuEn 

fUclK iban t5r?‘ are tlifOteUr*Jil>- cutMiili<rE«l, a ICfftwl tiMUiV inure r4prV«l rflillllff^ WE«jin rwuLt. 














stresses in trusses &-2tl 

to iht wall. Friction iiEKk‘4t4i!il^ the rcjwJ'lioii ut tbft free end in tbia type of con- 
ij^mrlion will be vertirailp a* in the iifitseciing type. 

BM Endi fixtil Oniinarily ihu! mndyticai wiylion for determioiiijfi tni^s reactions 
is EiQnicwhiil eaflier liuiii tbc jfra.|iliicjil solution juni ulao more esfict. Thi* vidues of the 
n^ctinos arc detcrmincii by taking iiunru^nt^ final about one rcactioa point and lhi>n 
about tlai otfuT. The gmpiinaii Kotutioo^ liowcwr, may pnovt? mon? dciirahle if lhi3 
Icvur anatt of tJic giv^cn loads tiboLit tUc centcns of momenta an* not canily obtained. 
Tin* Kmphkal solution for iktiirtnining wind-ltMul ceficTions for tnudsa with bo^ll ends 
CAch reaction being a/spumed pthmilci lu the tusuhant witMl losdg in iduFtratod in 
Fig. d2. Tbe truss ii t hat of Fig. M. 



Ctwidcrine the t iw hh a tn^ h«ly acbd upou by the So«iJn and renciiiina as sbtiHrti. 
tile icfcttd liojc or is ccuTj^ rneted by laying od the loadj^ d ^ - DE in orilcr. 

A cuii^^-iikiU \K^ O is seleobd, and the t^y» fJw ... f>e are tlrann in tin- Icwii limi. 
Thir i<|iiilihniim polvgojii wnpffl constmeted for the pole O by dramng, on the 
diagram, li™-^ l to tlu.‘ mys -Si, - S, in order. Each of the«e \\i^ u.rmmates 

on thir Ibi^ of action of the winsi panel hmdj corresponding to the loads op LiLher side 
of thi' pttJaHt-l ray in tbo force poU-gon—^for cjiiijnpk% lita^ T*. which is parallel to I he 
ray is draftn from the line of action of AB to that of BC. Tl.ia polygon may bc^ com^ 
nieneed aiivwhi'n^ on the line of aelkin of the force If. r^inee ihe lines of action of .4iH 
and A a coincide?, ita- tirve of the i.^ioi librium polygon which parallel to iht^ ray Sj 
Incomes a ii^dnt. TIuh tuplaiii-^ ihe apparent umimim nf itia intrallel to from !lm 
rttmetioo. The line Or, pamJlel to ih^* elo^inis line ml iif thi> i^imhhntini polygon, dividt^ 
the load, line into thi" required n^aeliorui. rr representing the right reaction and rti the 
left naietLun. The ftcok of thi' orijpnii] drawing wba lOD Ih U* tht iiieh. line «r mwnniHj 
2M and lint' m 6.17 In, The righl raaelii>n is ihcndore 2,gC0, and the left roaetion 

. T. , - 

Figure 33 shows the eonslnictUm where ail the wiml hMuls anr not iraraJld. Mnce I he 
litn-xiifarfiimof -IWitid .-iJin'ntpl tmTulli'l. llh*mn!.t™rtion .if lllrcNllliUhriujji polygiill 
niurt tic iM'pin Jif ihi'ir iiiliwctWiii if thi' ri-n.lk'al. Miluti.ni m .l.niiti). 
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STRESSES tJ{ KRAMEU BTllUCTUHES 



Om BMFnt. With one tnJ tif ibe tnisH il iwovt horiiDntiJJv. tlw nscliot at 
the ft« end iH vertitnl, ond th* entire horuonlal nimi»iM.xit nf the^ind pn^wure la 
rMUited at tbi- fixed end, Hmce I In? irlml prLwim' may be exertixl in either direction snJ 
the m tbt nu-mboT, muirt be deu.rtninrd for fach eoodilloD, Uie rmctiomi 



for wind on the 6*id aide ami on th^ frw^ «dr> miLHi ttlike fm detormtnt-d, ft. a lru» irith 
urtbi^n chorda «id pnwia, the verllwl be oirtaic«l readily by the 

method of nMim-nfir. the center of monwnla hriiu! the fixed end of the tnwi. With thia 














STHEfiSES IN TRUSalS 


^ in 



fVMtiun kriQiiTi, pj^ wdl ^ the VHhje of th.^ retmlunt wind 1-rmd, the wmstructioti of a 
fnro" triRngh' firteriiiitiefi fhp ajnouiH nrwl direction of f fist'd Tt?aclion- 

GrtipharaJly I hi- rFAtrtioiut imy bt- obtained by t renting the n™ as a whole m a ihre^- 
forw piw, twi illte-crated in Fig. 3rl. fn thl< ooiwlruetion^ the sum nf all the wind loatL? 
i* coneentmteti at tliedr et^nter of gravity^ 

Tht direction of the rraeiion at -4 beiog 
known, w wi'll as the amnmit and direct ion 
of thb re«uil 4 uit, the fnret? triangle uw gives 
the ELtnount and din.'ctinn of the reaction 
ER and the junount of the reaction .41?. 

Anolhcr graphical mt'thod iA iilu£?!raMN;| 
in Fig. 35. Here, Mnw thi^ at (he 

right end j# known to be vertical, the eqni- 
libritim pudygoa \b ronetnicted betwea'n itff 
Vertical liat^ of aellon and tlu* mdined line# 
of aclloti of the wind ioadR- ^^ince the line 
of aetioh of the reaetion at *4 is luiknowii^ 

Ihe rquilitfritim pitiff^n mttsrf be commene^ 

Hi the ^rtPif A, which ia the only known 
point on ihje liffco of aetlnn of that reaction. 

Hu*! ray Qt in the force pidyjiJicni, drawn 
paraLh'l to iht' elut^ing line mn nf the equi- 
lihritun polygon^ intensertfla vertiral titn'iugh 
e and ijetonnincs the amiiunt htkI fiirtetSon of the reaction ..4^ and ihni amount of the 
reaction ER. 

Wind-load Stresses in Roof Trusses. Ttn- reactiana beiiig kiicvwn, the wuid-load 
are detemiintR! by the applimikin of the principle of the fofre p«3ygon to i-ach 
juinL in AuecL-gi^on, in a tuauner rimibr to (hat iirthil for slitws due to vertical InatlM. 
A broken upjjer ehord of an inclined lower eliurd nr both do not materially compliwite 
the intemaJ stress detemujiation. Figure rhow^ tht' complete conptrurtioo neciwMiy^ 
for the cleterminatiDH of tk- wLnd-kiad in a truft- of thLfi type, Tn this trnw, ail 

the mi-mbure are Jiliv^fd by the wind: whiht in ini^s similar to those nf t'lR. 33, tk 
web mernlx'rBi on the letsward side have no winddoad stit-SR's. A check oik tk acciintcy 
of the eoiufitructionof n wind-load dEagrom is that the lust line drawn in tht^ Htretu 
must be pamlld to the rarte^^lKmding nu'inber nf the tru.«? diagnun. In Fig. 36, /r, con- 
nevting the poinisjand r, previously Euent^aJ in lltu eonslnietion, must kf parallel to the 
memiKT //? m tbt‘ tni-'w dkgrtuu In nbyw nl>(telute aceuwey of eoiutructlon. 

The Fink Truss. <)ne tyjM^ of Fink trusa is shown in Fg. 37. In determining ita 
stre#Bes grBphimll>% il becomes mwiwary lemixEmnly to rv|iW two ef its meiiiben) 
with eiai niemlx^r in order to compkite tlie stnlution. tn 37^ the stress iliagnmn is 
iH'gun in tile usual maiuitir^ joints J, 2^ and 3 being iaolaled in order and the portion 
ab^he of the diagram drawn. .\t either (Ju* iiesl Upper- or lower-ehorti joint, three 
uxtknowEk sirt^TiHeH cjsist, lUid the ['on.^tnirtioii cannot be coiitinut'd in Ihc uhusI monner- 

Remnving tlu^ nannU^rs A7. and LM and rer4aciiig ihr'iii with nru' mrtnbiT AMf, as 
shikwn in the k-ft-lmiid i»kn of Fig. 37, allows ihe eonstruction of the eompletp ?dr™ 
ilmgrapu fur such a trtl*S=. The diagram rdtifrjhrdjTnnef is I hat diagram. Ojmpanng 
the Iwo trtii«!s il y f*ei n that, aroumi thi' juinl, no i':hJll!gl^.i^ hjive been tnade in 
the amount of extemai load or in the position of the iniemal memben^. Therefore the 
strt^>£ in EM and MS in uithr r Trui^ art' rsasna-Milively cqunJ to (.Ir> m the eor- 

responding members of the other truxs. The stre^ in memlair EM ef the original truaa 
is, therefore, jeprvBVtLbcd by the line cfn in. the stress diagTaiii for the revised tnisSr Tha 
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Dfa^m fbrdetermcning ncq tlions 


Stress ditigrarn 




rtresiftfl III LM olid DL nniy nrjw be tli^lL-rmiULil by ^1 rawing tlif^ fortp poly^^Dti rfemf for 
tbi? foHJtis Ai joint 3. ^tmliiirky ttu? fom* polvjspn A'Jmn nt joint 9 doU^mtitira KL 

anil KN^ and thi' forcfe polygifin urjk Jil joirit 10 JK. Tlk! 

diaKTiucn for fbe oripml ib ^bown in Fig. tbr anil thi" ilothNJ Linii tjtimg a 

piLrt ii! the auxiliary uoniitrurtUiiL 

Trusses with Cfliliof Lnadfi. Whvh a cpitSnjf w fliiB?|>e^udL-d fitPtn tbi^ iowiT rhonJ tla' 
fuad broiutbt by h to the irtnt^ miwi tjr ratL^idiirnMl in JereroiiMb^ itn- total ulrpfwwi in 
the nif tnljcHi. ^inte thi' eeiliitg b- a Uti'd part nl ihr alruetuiu, iiH m^lj^ht nmy bu 
oiinibini?tl wilh tJn': other vertical IcwIp^ In ith^ dtauJ-ltuBii rtn'e*? diiftfMfl, thus avoidiiiK 
thi^ newjBfflty of dmwinp a sepantto t^fibiigdaad diagram. In order to make the aolulion 
of thiB eombiiRHl dlu«ram ptwHiblis it h mirtwary that the loads and rL-Actlcins be Laid 
off in rvnular ordiT aruntHl the irteis. Thus, in Fig- 33, ttie forrr poKj-gon o/pJtu w drawn 
by laying off tk.^ koada .4£f^ SC\ CD. DE, mid EF, downward in I'hat orderj thpn thn 
rraotiOfi FG upward; rwxt the downw^ard IctfuLn f?/Y, IIJ^ and JK; rolluwid by the up¬ 
ward rtmclion AM to rompiete the foroe polygon. Thw s< 0 q,(hnco is afaowti at the right 
□r the load iini- in Un^ figure. 

After tht‘ loadfl and rvaetioits have besm laid off ia the propt-r □rf^€^^ the eooatniotion 
of the stnw liingnun is eampleteti in thi^ usual manncT^ Le., i-aeh joint is Ipoklcsj in 
RiceoRUon from tlie rat of the tnoa, juid a Hcffea of eonnfet«:-d fom^ pnii-gcms drawn, 







IN TRi'SSeS 
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¥lf\r 37 


nnr far t dch joint. The «implete stnyts cliAgroin for n triiKs with calling \o^ b luldi' 
tisjii to tbo mu&l vcrtinil tondp is showo in Figr 3&- 

MuLmum Strcs^i: in Rcwf TmiseB. Thp grvaU^^t strues that cKrutit in any member 
of A roof truys Is thy algybmic snni of the indiricliMl stresses caiu^ by the slmulfAnemis 
action of the deaci kiad, mow Iriad, wind lofwl, ruiliog load, or appciaJ leads, ^Inct the 
wind may roirwi from either mdc. the ehantft^r of the atTva? in any one ntember may be 
variikhle/«? that a eomph^te aunliw of any roof truss reqoifna that the sEressesr due to 
the wiud be detormbed for both eondUioiis. 

U ]s aitsyiTu^ that full snow^load fftreaaw are not likely to lurtir akiul- 

UnitHialv with full wiiid-lotul stn«H». 'fb- exact pitch of the roof hap an uRt-et on the 
prepurtion of sniiw-lodui to be u-ed with tln^ ftill miid-lowd slrvu^^A. Clm^hnlf 

of the snow-load fif.i™ws ts tH>mm<mly used in such a combination. 

The value rif the pre4«kble snow iuad, varyinK ma il diH-s in dlffpreet latitudefi, Inditak-s 
that them are three; pf>ssih!<‘ romhinatiuna nf losul? that nmy produce the maximuiu 
#tre«^^s, Thirse arr deml loiui plus sn-ow loatl, dL-fid kmt} plus wind Inajl and ileajl load 
plus iiix^huJf snow hjflil plus wind Iwwl. Iti the mitidto latitudes, the last combination 
uifunlly pmducffl maximiifii strr^»™, 

D«td-load StT^sssfi in Bridge-truas Wflb Members. F<trulid €!hi3ftk find Sirt^\rtb 
Syaiemn. fn thh* typt> of trusts there luv two cluasee of web tnembors. Tht^ first and 
simplest class in ill^tratofl by nu^rubers M of Fig, 3&. a tnemlHar is kutiwn as a 

xnspauirr or mibrerhrah Froin an iiu^i^iiin tif tlu* wetinn .^f,lf, it » that the 
atrewp is tli^pctHli-nt ooly upon, ami k itqual to, the huuf Pi. 
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Fia. 



t'lu. se 


The Other eUl»^ web t^^bcr « by the cD. «„« the 

in of .1 ^ ^Id in e.,uitibtium the «rtert«l {„r^ „„ rilher wie erf 

the ^.on. * *^n«lkra of t^ fpr«* noting on ij„t iK,rtien of liw tm. to iho Wt of 
the ««twn AAjk-le™^^ the wrt,«| eompMieet of th.. rtrt* fn the tnember cD 
TjUuiw liwt portjon of the tniw m - fiw body, u ebown in Kg. *0, with 6 v the «ute 
enisle between eD nod n venietrft 


f?i — /’i ~ Pt + eoe j — 0 



































STIlEBSEa tS TRUSSES 


6-:i5 


But Rj — Fi — ifl thf nJj^rdc: bhuu ctf all thf <fxterimi wrUcd forre* on thf* Mi «r 
and h thn ner^icdl ji^Air in the wetkin. Il m&y be 


deriigiiated as F. Therefore;" 

f 

or 

From tbu it fdloA^ Lhal, for truaaiai with horbonlaJ ehordu 
and eiinghi-web ay^nina, the ntn-m in anv tft-eb nil^nlbcr, other 
than eajb%%rtiiMla, k equal to thc^ viFrrjeaJ afairar in the membirr 
multiplied by the eoraiit of the angk? ibal the tncmbeT Inakra f 
with iht^ Vertical. 

Jarh>iAi CAorefji nnd h^in^^e-ireA Jli of ihw 

A 

fl \ 


F 

1 

'ro. 40 

ft 


typt^^ riineo th? iueliiK^d ch<»rd n vprtitaJ rtimpooetit, tbe 

iibethod du%n.»lopod alxtvr caniicrt be tH«?d nifjdUicaLion^ Tbc metbcKl of mocnent^t 

(ifTiffi A sirupk^r ^liitkiti* 

Figuttr 4J njpnHM'ntji a fH»rt.iDn ul a Parker tni^. To deturmine the in Be. the 

fML^tion \b £Ut AH Fhown. The ehurd BC prmlueed Lhe fhont be producrtl at 

the pdnt O, whirh v ibfn'fqre the renU^r 



nf muiDiititA fnt Uw menitHT Bt^r Th-- hvt^r 
arm ia iTJat, ihi" pt^rpendiriiliu’ di.wlanefl from 
O to Mil pr0duct>d. Fmin the ^milar tri- 
ati|;lc« Omif and ^6^, 

X Bh 

a, 

With the net rmetioti at a, and the park*! 
IrtAils at B and b knofA^tir lalinp^ momenta 
about O 


Fictr 43 


(Sb^ X Om} ~ iRX (hi) + (Pj X 0*) - a 


from ttbich the stnws in Be may be detennined, 

Althoufd^ theneys no diffinjity mvnlvi'^ii in thL-^ if can bc‘ fmun^what tampU- 

fird by di^temvininK tbi! vertiail mmpnneni of tht? cUaKcumj and from it tlu; atrom. 
Thi'- k-vur mm la tbm thi» aami^ an tlisit for the adjacent veftiraJ mv\ often a tnukiple 



Vtn. 42 



of the panel ksnjttb. In PiRr 42, cnnaider ihv unkbuwn in Bf nwolvt'd into iwo 

tomponE'nti« applieri at nin' boHaoiital Bcff, and tht> Othfc^l- vertical Bey. Tho Ii&l' of 
action uf liuHionlal i^uuponi-nt pa^'fi thmugh tlii^ rt^nter of EiiumL^nfF O. Taking 
iiKknientF abckut O. ab (Bey X Or) — {B X Ou) fPi X O^j) *> 0 from whieh 

Brv ntay bi^ itiL^tofimDod. The actual atres^ in Br is Bry multiplied by thv h.-canl of ihe 
angle Thjit Be make? with I he vertiofll. The af i™w in wrticai"^, .such fw Cc^ nn! deter- 
minikl in a manniT aimiUtr to t hat uwtkl fur tin? diagonalH, esircpt that i be wtresa u diHer- 
tnini'd dink-tiy^ ainw then.* ia no hori^onlal eOfUi|]Oni-nt tt> lie erjImiEioFed. 

I P llip unkbatFU itrciH in dmjpi- uaunieci Ei> u;t ih* ujidcf a pONllTli 

a t#rMiih> Fnd w nafatinf rrmM « 
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STHfaiSES ly FHASieO STRUCTURES 



1‘atiiliti Chnrda aruJ SatidMdfd /^nntU. Id tblH tJipe of t ru^. tbt^ ffUbfliELKDnjdA ifinv 
\yti kb eiihpT tiPbAan or oimpireiiKioii. lo ibt* rniBff ut FSjfr -IS, tlk^ smbifinipiinjiJ Hr is in 
campn’afifin^ cin^J d*E 1*1 in ti>n>riafi. Thu ctsmponfnt bf 

lHh nlr¥3^ m any cmbdinj^uiijil U fKiual tu bf tb«- kiaii 

Appbtjft at the paia^ psilcLiFi in thu v^rliral plani' of lire mU^r- 

fiwrti-on of iht nibdMgaaak wiTh tire maJik Jia|^tutl« This may bo 
ptiivTi*d an folIoTT^: H a ctrctiW A:H!tioii i# toketi amiind tbo joint 
d' of h iR. 4^^ ftg ^how'i] In Fik. 44k ^ho atforaai In. fniLh I bo upiH't 
and towor portiona of tho main diimottnt fV arc* tonniJo ftir^FCfr 
Tbo attvsxi in tho vertloaJ tfW Ik abo tocdiiM and b oqiiaH to tbi' 
Iliad apptiH at d. Tlio dliooliun nf the- tfLn^wn in Cd\ ffe, and d'd 
wilh rofon^nce to the joint d* in nh^wn in tKu bpin^. Thi' un¬ 
known irtow 4'K nmy tio niflulviN:l into ooenpouentjR at any 
priint aloni; \l^ lino of action, kiiioh m E. Taking monienTii abiHJi (\ I he bver armp of 
Cd\ dV and d'£|f aw w^rtk, and 

(d'd X - {d*Ev X 2pl =0 or dTr - d'd ^ 2 

fn dokrminiuit tho atrows in the vorticafa and tho nndn iliagomd^ thu tm^hod of 
rL^klution of foreos may bu luiodp hut tho offtvt of alw^ssoa in the fubdiagoimJa nmsl 

u 

coireiiJon?d. In seetiun l-l, tbi.^ i^uatioti for th^^ stwss In Cc htf-t— ^ — Pt • d. tn 

Hootion 2-2, iho ootialion for tire nn-sgi in C'd' is tbs launo as fnr a diagoJml of a with 
a Fingio ayifEum of w^h tiM^mbew, U., Cd - V^s^v‘0. Iti dertion 3-3, the equation fnr 

tb- fttwtw m tho vortical is ftV + Y ^ «^ion 4-4, tire I'quation for ihi^ 

Px 

irtneflH in Is —f^ oos + — + Vt » Q, 

Indifti^ Chords nrtd ,Subdivid&i PnnvU. Siinjo tbs of th« nudn ilbRanalji and 

the ^ubdiagonaJfl are not rhe kiame in thin type of irtnw, thtt veriical compuih^Jiia of tb? 




Wfi - 4 *^ ^4 

Fio. 44 


jrt.riwflt^ in thy latter are nut uqtial to ihUt'-haif of lb* punil IiieuN tre in the pwvioiifi anulviii^. 
In lb‘ tnw« of Fig. 45, eoireiilurinK a cireular mv.tlun around the jninl ii\ r^luiwn m 

























IN THUSSES 


6 :i7 






'TT 

i' 



Fig. 46 

Fiif. 4tJ, fijHl thiit aft aftftJyiii eiolibr ift I bit for Fig. AA^. with ihv in,*rtt4if i5f iiifjiii?f:rit9 
at t, giyiea 


(ti'EM X A) - (Jy X p) - 0 

from wbith 

JT 


rJTir « X 5 

n 


p I i 

triix~x-^d*dx- 

k p h 


iir 


d'Ev - d^d X ~ 
h 


where I is the ttiogth of d'£. 

The -lilre^eesi in the vertieals and diiiBuiials not iiffectetl by tb*? in tb- nuIt- 

<fia£)Qiiab are nhtiined an for ti irw^ with meliiuMi rhnrtla nnd a siiftitJp flji^teiTt t^f web 
membniv. For n Tneniber rtuch fw d*r, the stHPSS if iJeterminpd ii8 fallow^^: The frtnw in 
d^E anti it# honinnrnJ ainl vertical comfiunf^nt# ore ohiBint^c! a# abov*; then in Fij?- 47, 
with the wnler of TOomi-ftt# at Clanii the rtrew in rfT refioU-cd bln ita cotnpanentfl at 
whereas that in d*e is tv^h-ed into ilj ccmponpialr at 


(JVr " 


IMl Xb}- (d^En X k] + d^EvU + 4p> - Pi(f -b p) - -b - Pti* + 3^) 


■ + 

Tlie ill the vertical am obtaiiHHj ia a similar nianm r. 


c D £ r $ 
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Fid. 43 



Fio. 56. CUFV« al njuivalent miiform load* for mORiEnta knd ahc^irt. PlottM I.,r Cooiicr'n 

peO l^inii nn. «.v*n .h i-r Ij# f, p,r <Fmm ioflwwf.V 

/<jr KaUifVrti Hrviiri, h^’ U. B. St^uitnAn in Tmttm. .iBCEI, vtJ, m, ti. fWfl.J 

































































































iJTKEasEa IS TRUSSES 


6^1 


The trye nuKinmni in ihe pASul fd will <^dpntly occtif when the uniform IemmJ 
inctcruh fmm flirts righi beyond d diatance into the pani'] id. 

With a Htn^e feml P eipplii'4 on the ^trinacr In the psiwl id (FiJt- SS) at & dirfwire 
from the right end of tbe 

^^4 Pdi + ^i) ni_^/i^. + h /i>i 

= —- - pj 


i* if I 

If the pwlliofi is fOlch llknl —- • - ot =* ;- 

^ t i - p 


t)ie ^ahl!rt^ in the panel U 0^ tso 


tliflt tlw iLniform Icmd should cKteud into the p^mol h dbitanee of whirh for f = np 
hii ■ 


■. With the fiunie unifurni loaid per foot of bridjigc-, the esaet wIj- 


ft — 1 

tained with ihi* load in the abovo pn^iion are smaller than tho™ nbtaJrRHl by the enn- 


ventioeii! iwdhdd. 

Figure 56 irfl chart ftoHi whirh ifw ptopiTunifomi live Iniwl a tuljelilute fnr Coapur^s 
E 60 kia^hTtg iTtay be nbLnined. For chord nienitR^re, /j h thet diatance from the renter nl 
niomentfl to ttwj right support, and h the Mrresponding diatance to the left support. 
For web members o^ trus^ses wilh imrallttl ehonls^ if ihe dbtanre rhown in FEg. ^ and 
h is determined os abtAi?. If this Int■th^jd b- ufwd for tnosHw wtlh incUned chunk, iho 
error is not grenb 

It U evident Imtii the alKJve that uq single uinform load may be auhstltuted for a 
w-hL-el-load s>i?tein in isdeulaling tht^ strespvf in the varioiij* niumljerw of a imsK bul 
That a speeioJ load mmt be sefecUxl for each naml>-^r- 

Counters. In lom^-i^paii bridpi'^, it b oft«n more I'CODUiiijeal to tbn dkgonak 

of the far temoon only, Mipeeially in a piinTOunected tntw. Undi«r sueh condi¬ 

tions, it bcconn's necessary to phuar In wme of 
the panek another diagonal, which ero«saS' 
the main diagonal, for the pnrpioee of taking 
can^ of the n-^fliltant negati^v shtw dta- lo 
the combination of live and dend lofuk. 
i^uch diagonals are known ns counierK. I^t 
Fig. 57 nipr^*sciit any paneli of a trus^ of 
which Lhii diagoiiAls can sustain tenMie stresn 
ordy. With ihi» rwiiltanl of all the e^lernnl 
forees un the left negiitiVL% i.e., acdnE down¬ 
ward, the uiiadrilnt^ral C£Mc tends to asaiiJiit" 

I he shape rinen Cd cpjinot n?skt iximpresnom Another lenrile ^jiingonal xD 

prevents deformfttiyn occurring. The two rliwiriak never act logtither, thoi^trew in 

one being when the othi’r nne u stressml. Al¬ 
though thi^ niaximmn iLnwes Ln the main member? 
of a t mss are tlie HaoDi' w hethtT nr nnX countera are 
ihi> ininimutiL streiees in the vertii-rdfi Are af- 
fifCiial by thJi‘ prewnetr of ronnten!. In mtwt trtnw«*s, 
howifVer, the fiiininnum rfn'rtafe.'s in I tat vcrticaU 
where cuLmter? arv u.^! an^ of I he sanio Sign. aj« 
the makuiujii and boniv have no siipiiif!- 

caiice. 

Cancentratecl Loads on Bridge VVhifre 

^ cimreiitrated luftds are ustnl in deterenniiig tb*' livi*- 

l<wl strL-sw.*# in the menibem of n truas, rertain cri- 
u-™ Ktv hvlttful in lufBtirm thv poaitiflii of ihif iiwde iimrlHfin^ I he maxiraiuD strtrti'S, 
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STRESSES IX FRAMED STRUCTURES 


PtaiHtm ^ LooiiM fat .Mojirnufii FLytrr Attain Htm-iion. In Fig. 5f$p let F tn thtf 
&iit of dl the loaidi bptwfjen a and b, uid ibe from P to b, SimilarJy, hi IFi 

be the re^ltaat of alJ ihr load* frooi ^ to e, rtkI ^ tlu- dUtanre from to t ijotiu^nlJi 
aboot b ^ve r^p ^ Pg' * 0, or r^p — P^, Slnii]flrl>% lootnj'ntu about c r^2p -h 

rvp - FFig - 0. Suh^titutinK P(f for rgPp vre have n ^ || 


are movod Ua the left a dktoJic^e 


per unit of length 1 h 



.1, u - »V-2Pi . , 

the change m -——-, the rate of change 

Sinoe ja in a ronbtiuit, TTi imct P lue the only quantitka 


that can chanye the of thk expmsdon. With thi' loaifc bo placed that W\ u greater 
llkan 2 F, a movonu-nt to the left inerriaftefF the value of r*; but wht-n the poiol u refiehed 
\rlKTe 2P bceoima eqtifiJ to Wi, a riutluT movement in the sAm^ diroetion d^erraaeg the 
vniue of rt Themfnre, for the maximum fhK>r-boain reaetion (^ maxiipimu Uve^load. 
iflTCSB in S5), Ibu [(loda j*bou]d be placed m that H'j - ‘2P, and the twwtidm itself i», 
frum the forcBoinK ifquatwTi for n, iiqwd to iAf 7 nt»unii oflkt W> ih tht (■«! panth jboal 
iht nghi tnd thr two psFwi* untiiM hriee rte mamml ^ Uxt lootk *» tht Ufl-hand uqnii 
iiiioml iho riffW end of ihf Uft-Kand puntl dmdtd by Hit patui lenptA, 



PoMioti of loatU /at xtfazingtim Sbrar. Trojttt* leitA Parallel Chardt ontl Sinalt- 
>ryb In Rg, 51}>l P be tho iwultaal cF all the To^la to the Udt of e and g, 

the distanei. of P from e. Similarly, k^t ir be the rwultanl of all the toada on thft i^rwin 
nfKi g ihe diatancf of W from the right support. The sW in the panel he ia 7?^ - r*. 
where Ri » iht- tell mwtion nf th.' tm™ and r* i* ihe reaetinh of the ft»r beam be 
due to^the between b and r. But *4 - H g/f, and r* - Pg,fp; therefore, 

" 1-t** the left a diis!an«! j, the change ij, shear 

^ ^ IT P 

“ “T “ T"’ ’» -j-■ In tlie UBiial eaao, 

p^‘|j am ^iml and I - «p; therefore, for mjwrimuni shear. Ibo loads should b« 
placed 90 that li =* nP. 

-^is criterion rnay ^ used without modifiadion for the diagonals of a K truss 
wrtb panUleJ chords. Fur the vertiads of such a K imss. refcmuco to tb- «iuatJon for s'e 
on p, .VW! sW that tho oritcrioii must be cbanguvl to If - ’inP, in onler to dotoraiins 
ibe pocliut of Irmdii for mammuin eompressioo in the low^rr poniou of the vertical* 

^ f^^/or Hhror. Tmaws itith /nrttord Chord* and liinatr^wA 

In Jig. bO. let s be the dwtance from the center of mnnienl* to the left support 
^ e tl«.- dtstanm fmm the left support to the left end nf tbr, panel iLrm;*!, which the 
sortiou njttm* the web member is |»««l. w be^ il*. ,„ud 1««1 on tk< span and p 





















IN TKL'BSBS 


6^3 




Fio, m 


thi? dbtanre of it* wnter »f gravely from thn right ?4ipjiort . Ltt P be thr load in the 
parn-l ihroui^ whieh thsi ifurtitm in aii^l gi thi! dktando of it* caux^i of gravity 

from ihe right end of the juinel. Let p be the panel length nod i the *paiir then 

-(I +B>. 

i P 

If the load* nre moved to the left a sHqH dt^timee f, the clmn^ In ti — — • -h 

— (t + r)p and ihc mte of ehiuige per unit of length —— j H- —(» + p), so thnl, for 
p t p 

Pf(i + p) 

iiiii.xiintiM mnnient ot 0^ IP ^ ™-. 

* 

In Ibo vsm\. case, with the panels uqual and f - np, tbp criterion for the maximiizn 

atiTsa in a web mecribf.if due to any syateni of conc^entrat^ loud* ia *■ nP 

Minimum Stramn in HV6 JfewiBerjj. Generally, it i» eauricr to determine niiniiiium 
tLppss^ In web TOftnbpo- on I he left halt of tb' by eonsidering the aymnierrietil 
memlKT nn ttwi right half with tbi load coming isn from the right. Tlie criteria de- 
velopefl nbtive may be used wilhoiit niodification, e.vH'pt tl) for the lower |>ortion of the 
vertiratfl of a K trus*, w^here the criterion beeflnv* IF = 2FiPi — whfri- P^ in the 
load in the pmv\ to the left tif the vi^rtleal and Pi the load in the panel to the right of the 
vertical, with W imd a having ihi»»ami" rignificanw! a* in previoiia criteria: and (2) in the 

^ jp J, 

Parker tnisf^ whem the criterion i* 11" ** nP ^ » with £ being the distance from the 

lajnter of momonls {new on the right-haiKl aide of the tru») to the left reaction, as befote^ 



Feo. dl 


Po^iitau nf Lofiiii fm- Mnsimum Jf ommJ. !n all truiseB with vcrlicnla, the |Kj«iiticm o| 

the Icinids tnay he determined by a^ng tlie ejiterioii j H * Pj which for eeiiial iianela 

Jn ii^ffit 

becoincs — W » P, With reference to Fig. 51, monvems at^nt H give Md “ —r“ “ 
n I 
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STRKeSES IN FHAM^P STBUCnTJO^ 


X 2jp) — (r^ X />). Bill r* = olid =■ ^ SubatltutiD^ ihe 

P P F 

valuiia of f* anil M 4 “ —^ ^ + ih) — 

If iIh' IikuLh. nrc mi>v«| lo thf li?fl a ahort dbilsiiH'^ j, ir'IionKi^ in momi.-nt —j— — 

/^ij? — /V- is !^iminiallon of all i-b* lotwis to ilii^ l^■^l of lh& wmicr ef inoiaeDt!^. 

irJl.r If'it 

tliia csrpressioni b^Htfsu^ea —^- f% ami the miv (jf pIuiui^ |icir iinU Of lf>njfib is -j-P; 


w for maximum stress the lo4id« niust b*r so ii^aeed ihjil - IK ^ i* or^ for etiuul 


- ir = F. 
n 

In a tnuw withnut vi'iticidj', tiw" fjOHition trf thL» Itauls fur ihe maximum atn.¥@ m tlu^ 
tuiuiisl i^hord cmmuL be detertnilaaJ by the abovif driterion. 



Fici. a2 


With relervnef^ to F£|;. 62, ihi' moment ordtef fur the rhnrd hr is ibd pitnel point 
Ia*t P be the load to the left of ihw patoJ fw, Q Lh& load in the parud and W tbtf total 
load on ihf? i^pun. Let be th[^ dktiuieLi fmm lb(t irenler of .p^vdty of Ihc* P 
ihi^ Duoler of nmmeuts, the distance from thi« ci'^ntor of K^iiVLty of the loads Q to the 
ri^l umJ of thk'^ panel, p the It'ii^h^ r ihe dbiLannf of the lamtiT of momedfj^ from 

the kdt end uf the panel, if the ilistanee of ihv cenlef of tnoments fmm thi.^ left rvoetlon. 
and g the distance nf the eenier of ijravity of the luads W from the riitbl MJpporl* 


TKeti the ifipmcnt at C is Afc 


IVl 

Ifie mcreauas in moment is -j—j 


IKp <Joh 

Jt — P^i -^ c. If load ailvaiiHM a distanee 

* P 


Pj 


whenWp from pff^'itons eimilAT disiuc^ 

? 


tiona, the maximum moment is obtained when j If 


P+-^ 

P 

Thi' lutkd elutnp!!S in valm^ wlhenevitr a wheel load possos L'ilhcr the point h or thn 
point c, so that thi^ pctfdiioTt of the Enadn which cam*^ the maximum momtjnL at C and 
betirr iho mfutmumi rht>hJ stmjvi in 6c e^'eurs with a wheel Iciod at either 6 or c. When 
a UmuI pRff^ €f Q may be ihe only i|uantity to eiiamoe in value, while a kiad passing 6 
eauft's both of the mdia'S P and Q to rhange. 

For tht? uMosi case, e =- so lhal ihe rrilerion fur maximuin moiuent lieeanosH 

^ 11" - /*+-<!■+ and the expm^iaii for IIm! tnunieiitp ^ k — i The posH- 

t ion fjf the |oajib< for maximom stn^^^s i n E hr opposite rhenJ U oblaidEH) by I he urn- of 
















STRJeaSEB IN TRIJSSES B—15 

rcimpk-r criltrion, iw mil tlii' tuail^ Ect I hr !rfi «f ihi- wnttT mnnuinL^ bmve tbis mnu'- 
tUnwl I'lfLOl on \ hi' s^ttluj? uf tb.' monirtit. 

StTfrfiscK in Laterml Tnissci ^Vind to^le imy be sis sUl eippliH m the wiiitl - 

wmrtt ^ifJr iir its applini equaJly c»ii the two side's nf the bteml Tniw between the ehorcb 
of main yerticsl iniKWfl. in ihr foHiH r raae, the ?tn f*^i€'fl in the ku^nd -^ruk stni one- 
tiuLf puieil liwid gn-mter thmn if lb- ktter Et^umption uTire nuulc^ hut thin in nf na preir- 
tirai! eiJTuii!t)tk''n^\ 

Wfaere cb- djii|^nEls are i.tJEV^idi^ntl bw tensioD membf^ onlj\ counter slrespes need 
not he compMtcnl, rfinw re%enfflJ of wind dircelion ^v^-^ ^‘flter jftrvflfjeii in the: ntemher» 
Hjnpi^mi?d tkan aiiy partial luflilini; fiom the opposite directiorir When m npcid fi>'?^teln uf 
din^Enimb Lt UiM?d, the two dirngonmljt of a pane] may be asstimiMJ to be iiquBlliy 
Strf'K^^s in iht^ chords of the btenii tmw should be combined with tbcKn? in the chmrk 

the nwin tniifwtrf due to diwl and live lomb. 

riinei^ tb* si rusH.'ai in iht^ Intend system of tb- Itriidtid ehord Are caused by the gsf 
iKiih the wind tin tibe tniB? nnd the wind on tb live load, and the ktUT rannot tK“ciir 
g^Kcept when the hve load eovere the structuro, the actual determination of is 

more easily obtMJm.'d by usins tlu- mefAod 0 / 

In ihU melliod, nil panel iuflgl^ an* assttmed equal to unity and no placed on the Emss 
as to produce tb mnxLmuni slnvecs in the respcclii'e meraijers. The rocfnckjntir of 
Lhj' wi'b nnmtbcfa are nunierirally eijual to their rtspcctive slieaiii. The nduaJ striwcs 
in the lateral nimts nit? obTRinid by mullipbln^ the coeffirknl by tb* computed panel 
toml, ami thoeo in I he iliagunak by mult iplying the paw] Igiad timi^s see whem fl L- 
[he angle bcLwisui I he diagonal and the lateral Tb- oucf&dcnL of t'oeh thotil 

member «‘fjuaL-i the sum of tb! coefficients of all the diagoomb on iti« bft and the 
cfielficient of the at itd Icfl panel point- Thr- chord ntrctfs la obtained by 

multipljiing Lhn eutjfficLi-n[ by tb^ panel load 
limefi tan 9 . 

Th*' cts^ffick-nia foi a rigid a>"iitoiii of lat¬ 
eral hraring for a stx-panel ihrough Pratt 
1 msH with 25-ri panels are given in Fig, tl3- A 
roviTTMtl of I lie direction of tb' wind caus+s 
a chjinee of sign of Stress? in every member of 
ihc a>‘stem. Jn all otie-liulf of the liHid 

IS considi^red applienl liu thu windward and 
one-hatr on the li^w'ard trusa. 

Ju l>iidgt^ of whkh tla? trus^cn hnw in- 
rliniwJ chords, the latoml of the chunk 

that art? indintal in sevcml plaia-s, nod 
the e?cttct nation of all the wirul 

k ratb'r difficult. The streSAw in tb^ ktcml mi^mbt n^ however, may f*o deler- 
by etJiiHiiJLring; thr truia fUttcniHl onlL into one plane. The jiaiicl lengths will 
Viir>\ blit tb* panel limds will be equaJ and may he dEtt-radtiiaJ from the horizontal 
pamol length. The rci’iiltioK chord stnywes me not the rJmet strvssi's. hut the error k 
licit gri Jii ijciciugh 10 be of any ^^stKl^tao^t^ 

Por tb- lateral trusa of Hg. the panel luiud on the upper latcml Hyxtem w 

25 X 150 =* 3,750 lb « 3.75 kipf*. For I he bwi^r kteraJ systeirip a-'^iunn* the pitmd lotid 
iluc to ilk? wimf on tb* stmetunc k 25 X 200 • 5.0t)0 lb * 5,0 ktpa; and that diie to lb* 
wmdonatrEdnk25 X 300 - 7-5ki|is. Ac a « I.T-t and [anJ - 1.43. Tb* cdcffitieiit-s 
of Fig. 03 bing UHHb the stn>R 9 cs me cnmpuied and are shnw u on tb? upper three dia¬ 
grams of Fig. 64. The stresses shown on thi^ lower diagnmi nni those due to the applii-a- 

3 Tti« rarflrinnw Hirt thr niK-diiPUfn ™rfSri«ilfr diimf fAtiLurd with liTr avw thr mhr>l^ 
■tfUfOirr- 


! 
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IN TRUSS^ 


5^7 


tiujli uf 2C^|c;i|i londp by ihf' AKHIA Tcj^ thu* lumnustJvi-' ntMKiiip^ applied At AEiy 

pqini uf the (^pan. 

Stresses in ICiiEi Trusses Due to LAieiTAl sonw* vt tkL* kl45m] fcirtsw 

sni ajiptiid £ 0 [b«[(ienib]y iibow the iLorixoiiUil plhjw of ihi? onij s<iippwrtiH of tb* bridjo-'. 
thest fort*^ ti^nd to overturn the Atmeture. 

The bteFiJ forew df thp Upper talcraJ i*yiiUMii are «rjin-kd to thi=: portnJ nod thi' 

hurkoiitAl Idaik »l tbL«+^ ptrintA prcidude All ovt-rt Liming inoiiM'nt about the homoutaJ 
pbiUi« of tbe^ n|jpfiort5. In Fig. G5, P ri’pre* 

%'iitfi thr hon;^ot4d load liroijKtit to icv^h 
portal Ftnjt by the upper IftteniJ hrurfug, A 
tlur ikpUi of tb^ i niHi'p and c tb rJialaoi:^ 
blween iruj^ses. The o^'ertuming monH'int 
produced At eaeh end of the ptruelure is FK 
which w bnlAneed by a miction couple Rk^ 

The vaiue of the n-Aetiou R k then 
and Eho saute effeirt h produced ou the main 
tfU£^ as is raiu^ by the kteraJ force on 
the tmss if louik to Ph/c Ajre applied 
to the niAiu truiwi al the pAiii4 pdintA B and 
F, aa ahowo Jn Fijs. 613. These ItHuk pro¬ 
duce fir^^ses In the end pcHit^ aujI in the 
lower eburd menjhenf^ but ihir web nn^m- 
btJ-B are not i^tTVA^d. 

Ttu? lateral fom^'on a train k confideml to be apf^bd noiue distance above the top 
of thn railp usMially 7 or S ft, and tht* top of the mil in a through iruw iff ui^mdJy t*t^veral 
feet abov? the plane of the end ^piiortff. H^^ncCp another overturning moraE’nt k pR3- 
ductd by thk force^ which mny be tn-ated in a dmikr manner to that caujtol b^' the 
kteral lorce on ihi* upptT kleral There k a difTereneL^ liuw'evtTj uff far aa the 

w'i*^ti rrvenibt'f? of I lie ninio trUR^es are conceraecl, riince the latcml forcp un the train 
pKklue^^ an effect rom.*i<:poi:hJiiig to The picn^ition of the Srain load on the hiidge^ it k 
iU!cew 3 rj' to iietcmnitH' iHijulvaJeiil Vertical pant'] Imuk rathLT thancqitlvaJent n^aetlotui. 
From Fig, 67, it can rvodJlv ueen that thn' I'quivalent vertical panel loiul k P(Ti + b)/c, 
whun.^ P k tht' hnriionta] panel hiad due to the lateral forr^i on thi? Lrai:ii. 

The i^tft-et of tlie lateral fom- spccif^d to coniiK'ruiate for thi^ oue^ing of Itfconiotlvi? 
tH detemdnid in a similar tnanm-r tk* equivalent vt^rtjeal panel bad being where 

Jp^ is the horizontal panel loud- 

Appiviug the foregoing principle^ to the lateral Intw of Fig. CS, the equivalent verti¬ 
cal InadM and reactionff prcHhucinK the effect a^ the laleml forcoff nn the upper 

^ X 5 X 30 

lateral sj'irtem ure 



10,100 lb = Ib.l kipci,* unil the strujRRett pro<luctd 


2 X 17,5 

LU (he tniBB fartbioFt iu fiiie of action of the latcml fnm^ or tk' Icewaiti tniss sfe: 

End liMsXs: 16.1 X b30 - -^.0 kipa 
Ijowvr chordff ■ * +111A kips 


The i^titnsstB m tin.' corresrwtiidiing nwmbe^tv of the windward tru^ have oppi^te sigiui. 
The SAUit BpeclficationA being tuned ab for the kicraJ foretT? on the trupw^, the horiEontul 
foree on the train per panel k 3(XI X 25 - 7,500 lb. The iH^idvdent vertiml pani^l loads 
pioduriug thfi l•I^L'ct a:', thi-w hnriFfuual foFftf duo to the lateral force on Lhit train 
and thi‘ kteral fom: HpeciHcd to allnw for the nfJsnK uf bcomoiivefl are (coiuidcring 

^ Cutaldenrt m IliilL llOttiei^Oll pUfvlA TfW * mt Htid ^1^' tQ mikiW tiO- tlm lataCil utk lbs enJ. poate 

Uidl poflmJ Ibflvuia- 















5^8 STRESSES IN FRAMED STRUCTURES 

ilii: tap of rait A fi Abov? tho planer of tho ond supports}: 

u I . , , * T,300 X (6 + 9) 

Far tatenU for* oit imm: —~——-- 3,600 tb - 3.fi kips 

For uoeang of lo« 0 £iiot|vHa: — - - ^.TCO lb = kjpe 



pio iim l^oad b,Mn* as a „ovinB load, ibe Mcffidtat* of the maxinnun 

*tr«^ pr^uoed a» marked oa the opf«r dia(tmm of V.g, m and the a« (5i%.-n 

on the mndrUe d«j^ The tiwiniiim atr**™ produced by iho ainsle equivalent 
vertical panel lieuJ for ousinK of kifomoUvrai am nuirktvl on the lower liiagnini Tb‘ 

upper sign pn*«hn« vaiuw of the sM.fl 5 nenbi and at™*** ia far the toward and the 
Sower for the vnmJward 

I^rtul Brirfnfi. TV chief function of the portal Kracinj- ia to tniMfcr the n-Ktions 
^he up^r latcml ay«eiii in the of the bridge. In addition, it Bliffena the end 

pn^ against vib^l.on. f n ordi-r in tHtice the fleaum in posts to a minimum, I he 

portal framing ahnuJd estend aa low as the hcndimm will pi-nnit. The hnsea of the ejnJ 
poata we partly &ns| by «rtue nf the diriTt almas dm, to the vertical load. The exact 
Inctwn of the pomt nf u,a-s:(«m in ibc‘ poola cwiimt be determiind until the design 

hTowt!*" ■ ^ '* 

Maiimum and Hioimitm Str«*e^ Tha- «««*» for which the ^-vcral merohi.m of 
a tru* A* deeijpKd am lb, aummation of all tb- ein.ultaneous caused bv the 

J-^lMid. hvc load, impact, and lateral fnr*». In ibma- memheia when, no levc,;^! of 
litmm 10 pownblc under any pn^iblc combination of Forces, the minlmtim rtmaa has no 
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It tti tiMUJiJ in lapnSft^arioti^ Id hIIdw jiimiui4:£ in the itlkiwablt unit 

^tvmas wb'ti tKn full L'^ftct of ihti kii^ml forci^ u ffon&idered. It ihcirefore bpcomf* 
to haVD two t&bulalioii# of ruAuniLjm mml mmiiuuna 

GEHEItAL TOOLS FOR STRUCTCTRAL ANALYSIS 

F^ir iKvmv tV'pix^ of nt met librium t* fiiut iod^ nrv noE mfldent to detormiew 

thp R'iiFtioiui or thi‘ inl^TFiid Ttkiso Jitruttyjfs ajo f^Alli'd ^(tAticnlly indct^f- 

ukinAte, 

For ihe aimlysia of Furh stnieturw, a^IifitioniiJ DC|imtlDm« luuitt be w'rit ten biii»ed oil a 
knowledi^ of the dpfoimationHr flfiniaf, tni'tbodii of analyjdi thut enable dtp- 

formiitiQiLB to bv evaliiat^ m t45rinj9 of unknow^n forrew or atnp^set^ urc Inipcrtunt for the 
itoluCiDD of probtomd involving ^jitieslly jndetermiikate ^ructiuea. 8 umo of 
DH^tboda, like tbr lui-l hod of ^irtuai work, arr at^o uaefiti in iwlviEig eoiiipneated prc^leiiipt 
invuIvlDK istatitaSJy ileti-rcnijuiU- frjTfltrnw- 

Yirtual Work. A virtuAi dlspiaoeinnini h an Ima|^ttar>\ smhW dkplu^iuenl of a 
particki ronjfL^tnnt with the oonstmJnlif upon it- Thus, at one support of a simply sup- 
ported tatam, the virluai iiispLao(-n>ent could bo an infituteidiiiiil rotation of that 
eiul, hut not a vp.rtiiiiaJ niovoxnenL Howt'wr, if ihe ^Lippurt os leptaeed by a f^J^ce^ then 
a vortical virtual di^plncemi-Dt may be appluHl to Lhti ^wani at that end. 

Virtual work b the produet of the distnnw u partiete moves during a virtual displace¬ 
ment by ihc component ia the direction of the dbpljieement of a force acting on the 
particle. If the clbplari'^meiit and th- fnroe am In oppudte directions^ the tnrtuivl work 
is negativer When i|ie liiapioeeiuent is normal to the forcc^ no w'orfc Is done, 

SupjKiea a rigid body i* Acted upon by a of forces w'itb a reitultant R. Given a 

virtual displaceinent df al uii an^e a with R, the body wUl hn^^ virtual woric done on 
it equal to R cor a £No work b done by internal forces. They act in pairs of equal 
magnitude but opposite diimetioni, and the virtual work done by one force of a pair u 
equal and opposite in sign to the work done by the ot her force.) If the body is in equUib- 
rium under the action of the forces, then H • 0, and the virtual work also ie lero. 

Thun, thr principle of virtual work may be Btalwl: // ti n^i'd &odp m c^ilihn'uwf u 
^rfwn a vitfual duptac^^nenl, tht mm of the mrluai infrfc qf lAc /orw tffh'nfl ow if ffltMf bf 
£ito- 



ic\ 



.\s an c^tampte of fwjw the primnplu may l>e mad. let us apply it to the dctcrminalioj:! of 
IJh- reaction ^ of the simple la am in Fig. ma. First, replace thi- support by an ur^nown 
force V?, Nestp move tlmr end of the beam upwani a small amount dy aji in Fig. 69^. 
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The liinpkctment under the Iwl F will he xd\f/L, upward. Then, by the piineiplr 
of virtual work, R * 0 , [mm whirh R — Px/I^ 

The prindplc may nJio be us^ed to fimi ibe reaction R of the more eomptcix beam In Hjj. 
69c. Ttii- step again U to itipla©; the support by an unknown fopee R. Xext, apf ily a 

viriiml downward displacement dtf at hinge A (Fig. 69if>. The dkplamnMfjit under the 
IciBit P will \k jrf^/c, anri til liw? reactiDo R wiil ite a ify/{u + 6 ). Aceordin* to the 
principle of virtual work, — Rn dy/fo 4 - b) + P^dy/c = (I; thuii R * + h)/iic_ 

In this type of problemn the methoil has the advanta^^- that only chw reaction, need be 
rowdered iit a time and Internal forces ore not involvoiL 

When an elastic body is ifcrormed rbi? virtujii work dune by Lh*- inti-nml forces h 
eftuaJ lo the eurnjfpondiniE inen^ment rd the strain enericy taken with iM-fsiilive «isn. 
UtiliEin^ this mneept, the pHnciplo of \dnunJ work can he arUptinl for thti! ttolutiPn of 
statically indeteirranate structure, 

Aseudm.- a confftndniwJ elastic body ac 1 l^d upon by furtva P^, Ps for which the 
correspooding deformaiiocw bjii ei, cj, , „Application of the pnnrjphi nf virtual work 
yields l^P,^dfm + {—dU} " in which the fingt term on thi* left aide the eciuntion 
ghns the wort done by the rj^tcmal farces on a vlrttuti de^pWemrnt and I he second 
toim in the work done by the internal forces. The increment of Un? strain energy due 
to the iiinFomcnLa of ihe defortnationn is given by 


dU ^ dU ^ 
dlJ ^ ——dcj. Hh dsj -|- + 

Jci 


in BDliHng a upbcihe problem, a virtiml dn^placviHrtjnl that is most cun^'enimt in simpli¬ 
fying the aalution should ito choaen. Buppose, for t-^^campk!, a virtual dispLtwement i-s 





•eiected tliat affects only tht^ di'formalion 
Ct, comi'aiwncling to the load other d<^ 
formations being unchangi^J, Then, thi* 
principle of idrtual work reC]iiin*s that 


F* df ^^ — d^m ^ D 


Tbifi Is e<{iilvnlont to 


P 

Fm, 7U 




Pn 


which stalM that the partial deiivalive of 
the fftrain energy with respect to u spcjejhjc diifonualiop givefl the corn^pondlng forte. 

Buppue^, fur example, the i^trtss in thti vcrlirail bar in Fig. 70 b to be dett^rmineti. 
Alt ham are marie of the same nMterijii and havi^ the same ems® Ecction A, If the vertical 
bar atretcheii an amount s umler the fond P the Inclined bars will each HtI\^tcb an aiiimmt 
£ CDS A. The si rain enrerj^’ in Ibn system is 


V 


AE 

— fc* + 2r coy* a) 


and thf! partial derivative of ihb* with respect to c mx&l lie oqunl to P; that la^ 

^ “ ^(3.^ +.<(■ w*<il - ^{1 + a rwrii) 

Nmiiix tW line fottS! in the vmiail bar isquitlH ABt/L. we iiail from thn above equatioa 
that the required streas equals P/(] 2 catp 0 ), 
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TtaAorem. It c&el abto be fhown thai, if Gu- -xtriun energ;^^ is tKpKmtil 
ftit ft fmiriion of j^tutieuJIy IndepeDiic^nt forces, ibc pitri-ia^ derivative of the st?aiii eDongf 
with nwp'ct to due of ibe foiees gtvtf. the defomuiliuEi euET^wponding to that fofw,^ 

dU 

T\m is knuwii m Cwiti^lijuio^a (HL^ Mwiiij rheorem ia the prinerplt? of 

w-oj-kd 

Method of Leost Wofk^ tf di^formution of a stniclure is preventedt a# at a support, 
the partial deriv^ative ut tije atraiu energy with respeet to that support tog foreo must 
be zero, ureooJing to Cftsfei(ElUiio''ff hrat theoTi^oi. This o#tah3islh''fi his *LwaJ ihE^orcai: 

T1«‘ strain energy' ia a nalicftHy bHielercninate ftnictunj w the uiiiiimiim eousisteut 
with i.>quiiniKui]i. 

As nn eeaupk> of the ui^ of the nkjthoii of least work, we shah eo\vt AgaiD for the 
Btfoss in the votticail bar In Tip 70- Calling thw sItvw X, wi* note that the stress in 
eaoh of the iueiined bM mu-tt be (P — Jl I/S cos o- jstrftin energy- in the system 

can tw* e^epreased 111 terms of X aa follows: 

{F- X^L 

2AE^ lAEwi^i* 


Uenre, the inteni&l work in t bo jii-atem will be a minliuum whi.^ii 

al/ _XL iF - X}L ^ 
^“.4F 24E(»a^«" 


Solving for X gives the sttrew ui the ^'ertieal hnr ets FJ(A + 2 ttxA *« U^fore, 

Dummy Unit-load Method. The strain eoeTO^ for pun? Ix^nding is — i\PL/2EL 
To find tbi^ strain energy due lo bending atrcait in a btiiitn, w ran apply this equation to a 
differenlLal length ds of the beam and Intojpute over the entire spun. Thus, 


U 


^ tit 

i ~2Er 


Tf M represent? the bcnJiicvg moment dur to a genentli^ed force P, the partial deriva¬ 
tive of the strain eue-ri&' with n^peet to F is the deformation d i-^jrrcsponding to P. 
[^iffercntuitliiig the aLraJo-energ>' equation gavi's’ 


d 


M d.l/ ^ 

i 


Thti partial derivative in thie cqualion is ihf rale of Lihaiigi' ijf ^pending oiomeot with tbo 
load P. It if equal to the heurilng moment m produced by u unit gi-uerallxed load ap¬ 
plied at the pobt where thi' deformntion is to bt^ uu^asuieil and in the dlreetton of the 
deformation. Hence, the last equation can ali*to Ik’' written as 


d 



dx 


To find the Vortical deflection of a beam, we apply a dummy unit luad vertically at 
tbs point where the defieetion in to be measured and siihstittile the l^eudLog oiomi^iits 
<lue to this load ami the aetOal hmdiiig in this i‘quat|on. Similarly, lo compute a rota^ 
tioo, we apply a dummy unit tncuiuTnl. 

Ab asimpk- ejtample, let us apply iIh^ dtunmv uuil-load method to the detemuiiatiun 
of Ihc deflection at the center of a simply ^pporUsil, uniformly liaubf I beam of consluut 

1 T^m>uiair«n, fl,„ uid D. IL VeDWO. ThfrsT ef SErHEUjrt»;' ILkIc tnr,^ 

Ht* York, liNik 
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mofiifnt of iiiuiliiv 7la}. Ke ijLdiciit«d in Fii. 716, the befudiug at a dM- 

ttl* w 

tajice X fitim anu lunl m ^ ^ 2 ^ ^ * dumtny imii kkoJ vfirticAOy live 

of the bf*m 7ie\ nthejn the vf^tciJ deHectlon is to be deftermitHid, tW 
Hioine-iit at x ie x/2, eb Indlnled in Fig- 7ld. SubtitltutlAg in the defect ion erqimtioti 
pvra 

d - ^^ 

~Jc Vs 2 /2ES msi 



At KHilbw i!)t»iutilL-, k-t IW iipplv lit- iiwlliod to find! n,- the L-nd rotutioii nt one end 
of m simply ftipportod, primimtie hetm produei-d by n luonwnl applied at Uw tilbar 
Bwl- In other w-orde, the problutii is to lind the oml rotutinn at B, «a, in Fi^ 72ii, dut 
to If^. At indicated in Fik, 73b, ihe bonding moiUL'iit at n dktoon- z fFoai B due to 
A/g ia Max/L. II wi‘ npipiy a diunwy uidl monuml at ti (Fig. T3cl, it wiil produeo h 
nwinent at r of (I- - x}/L iFig T2d). HuijHtilutiiig b the di-Bertion «i>»tion ev«i 





z ii “ z dx 

L A 


MtL 

ilSI 


To determine the duflwtion of a lioiun duo to shear, CMtigluHw'a thiw-m con U 
apphed t€i iha^ rttiaifi emfjrgy la ahear: 


a ~fj~<iAdx 
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whi-w w » the unit nttvm, G tlw modutu^ at rigidity^ Jimi A the crtsiHfiprtioiiiJ 


lirea. 

Truss D«9ectio»s by DimLoiy Uait-loftd Method. Tbr- dummy umt-li:3»d ntpihod mity 
iiIki i«' ailnptiNl tar cWturEiiiuntiDEL of iho drfurnmticin of trufliw-r. TIh.^ Mtain fUiErgy in a. 
truM 13 ffivon by 


u = x.‘— 

^ 2AE 


whieh mpm^ent^ the mm of the strain eiw^ncy For aJi tie fcembere of the inijw, i5 w the 
wtnmf^ in i-Aeh itu^mlK-r due to the londa, L llw^ kn^h of tsarh, .4 t>M« eri^w^^tinnal jtre^fl, 
and A't he muduJus of olistlrity. Appl lioj; Ca^t iRJLtiio'^ finrt llhjoumi wnii diffemtit intinK 
icu^ide the Muumatlon sign fields ttko deformatioii: 


d 


E 


AE^F 


Tlio porf lal deriviTive in this equation in the rate of ehanif^ of wxml Rtresa vilh tbe load 
P. It id eqtial lo the iLSiiiJ Ftrcfl3 in esch bar of tie tTws w, produdd by a imit load ap- 
plk>d at tile point where the deformation ia to be D]rL^5Ujn.HJ and in the direction of the 
defortnation. Consequently^ the SitPt uqiMitiua ean him be writieo 


^ AE 


To find the deBiNecion at any point of a Iniaa^ apply a dummy unit vertical \md at the 
panel point where the rleSection L- to he meitiujri'd tmd aubtelitule in the dt-iertinii equa- 
tioii llw rtitawf* in cm:h mtindM^r of the tnxj® due to this load and ihir. aelimJ loading. 
Wimilarly, to find the rotatbn of any joint, apply a dummy unit momenL al the jnint, 
rtnnpute the Htreaaes in caei mejnber of the tru*#, and substitute in the dedectiun i-^iuiir 
tion. When it is necesaary to determine the relative moviwnt of two patwl points in 
tln^ direction of a ineml»jr roeineeting them, apply dummy unit 3oad^ in npp<^Lte direc¬ 
tions a? those pointe. 

It {should be roil'd that nn^mhew tint are not pirt^wed by the aeliial or lie 

dummy loai^is do not eiiter into the LuJeuiaHon oF a deformation. 

IlJustratiY^ Problem. an oxtimpb of the appiiealiou of the ilefleetiori equation, let 
us rompyle the tilld^pan di'fleetion of the Itilrci m 73, The fUreHttvl due to ihi' 
SO-kip load nt every' parn I |jcaut iiir, 3 hjown in Fig, 73^, and the ratio of ieujtth of menibera 
in inehr^i to their crosiH^tiqnal ait^ in ^quure inchw is (dvr^Ji ill Table 5. We ii^\y 
a dummy unit vertiiui kud nt U, the deflexion is mtuirwL a due to 

tlila lojnJ nn* ahoW^n in Fig. nuJ Table 5. 


Tabi.it 5. ^Un-fteAK Deeixe-noN oe a Tri-ss 


Menda-r 

L/A 


' M 

iSuL^A 

U(\ 

IflO 

+ 10 

+H 

1.2CT 

T5 

-50 

-H 

3.125 

UlUt 

Uit^ 

110 

-53.3 


■l.aii" 

liSO 

+ 36.7 

H-** 

2,t]«3 

13.743 


r= 2 X l3Jf2.P00 
^ ^ A E ” 3l>dKM},(KX> 


(IMUi ill. 
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The computAtioDfl for the doAccUop abo are ipvt'a in Tflble 5^ MemheF 3 noE strv*^ 
by ihc 20-kip loacb or ilic darning' unit Web are not included. TakiHiS adviii]t!i|^' of 
the symmetry of the truffl, wo Lnbulnte the VAlum for only half the trass and double 

the ium, to reduce the amotlnt of 

iNfckulation, wo do not inelude ihe mod¬ 
ulus of elaatieity w-bich \s equal to 
^,000,0(KS, until the very Wt sslep, ainee 
it w till? mnte for all members. 




Statkahy tndeEenninnCe Tnusea. A 
iraai k fitaticaJly indeterminate when ihe 
number of unknown quantities esceede 
the nujutker of indeiiendent equations uf 
static equilibrium that may ho wrilten 
fur tho strurture or purtjnnA of the alnie* 
ture. I.C"l m equal the niimher of tru*m- 
bera^ n lhi> niimher of jnlntn, juid Sff the 
numhiT of reaciion eoiiditioiu. 

Thj! number of prisnibb Niuatimu k 
Un, and ibe of unknown quan- 

titW m -t When- « fu + 2 SJ?, 

The i^ttuctun' k staUeally determiruite: 


where 2 fi < at -h ibe structure m 
slatirally indiUorimnate. 

The ifuia of 74 k sLatieally Indilertiiiiiate for m - 6, n » 4, IJ? « 3, idijce 
2 X 4 < 6 HI- 3. Without iho member or. the tmas in statjii^lly cktcrmijiatc^ for then 
m ■» a * 4, XR - 3, and 2n v m + —ff. 























GENEEIAL TOOLS FOR STRUCTURAL ANALTSIS 




With mrni^M.T 1 cuL a foree of Si it nppjk'd Ht bath a and c. List tin* in any 

mcmbt^r dur Ifl and Su be where fs the »itvm c|Uf2 to P* if, the altia^ in 

any KkEOibcr ilur to unit finm in nn^mber tp and uiSi, the alrv^ dun to The dis- 
pkcemi-nr of r (on tbn aesumption that a u Iked) due to bolli P and 10 


+ iJSfOiJ 


Sxii 


and Ibis dh^UDemiint minjt. equal the etongAtbn of roember L whicb * is — a#' 

forcp 


Y V 


AiE 


In member 1, u — 1 and ihe njghl-hMui term of the r>LKre 4 ^uiij|$ equation may be writlen 
iSil*tl/AjE or Hen™, 


imd 


or with E a Donstant 



^ uH 


0 


S| - “ 


Y AE 

y ^ 

TAE 



With Si known, the strew in each mtimber of the truss may he delermioed, H heinR 
C'qiia] to S' + u.% 

niufitrative Problem. In Fir. 75k the member I U assumed aii the redundant memW. 
Tlie pair of unit forces w appkd near the upper end of the tnembtr in itueh a direction 



as to aUftje teoaion in the mcmtier. From the followiaK l*b|e, with E a comst&nt. 

Si = -rir.ooo/ihSA - -4,m. 

fiftOB ih* inovraifcil W m ili^t un^V<l b ihm ftcura 












6-5(> STRESSES IN FRAMED STBUCTUBES 

Hv triK* 5tr^ in mcb nwculx^r uf thi« cain|j|E*ttt fmcnr Us Ki^iin in ibu Imrf iM>lu.nm 
of ihc liibk 


Mem¬ 

ber 

A. 

aq 

in- 

t, 

m. 

S'. 

lb 

. SVA 

lb 


uH/A 

^in 

H - 
*1*'' 

1 

4 

100 

0 


+ t.oo 


+25.0 

-4300 

-4300 

2 

4 

ion: 

-hlO.OOO 

+^,666 

+ 1.00 

+350,000 

+250 

^4300 

+571X1 


1 

m 

0 

F !> J 1 ... 

+ 1.00 

1 . ■ . s 

+250 

-4300 

-4300 

4 

It 

141 

-14,100 

-331,000 

— 1.41 

+46T,66 o 

+40.7 

+twoo 

-8100 

5 

li 

141 

Q 


-141 

..., 

+45,7 

+ti000 

+ 1^ 

dU 

+717,000 

+ 168 4 




Trussed Scams, In n trus4ii-&nd'beam ctJirihiryiticni, botb th^ Ixcujixi^ imd ibu diivcl 
mirct be roivnd4^n?d, Tbfi p^neml efiuation for any rutiuiiiimit i|nantity^ suet 
hei mtemifdiiitc reAclion ip a continuous beaus, !s 

rjrmdx 
^ _ } St 

fa^ 

I El 


in whieh Af' is tbe bending mnroi'nt in the detenuliiste irtnURtun; rJue to the egrtettial 
IihuIh and HI the tieiuling ipoment due to n unit farte spiilipcl ni the point of the intcr- 
tnediEto reflctien, 

Bui since froro the previous uHide, where no bending occtira^ 




for comtsim-d bending and direct fitriisst 


yS'tii 

^ AE 

Z — 


rSrmdt 

^ AE El_ 

^ AE BI 



t’lOL 75 
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TlluffCrflCiT? Ptoblfcm- In Fig, 7fi, whirh repre«'iit« a trusml-itceE boam^ the Eu&mW 
t'D M !U 0 iiiiii*d |LR ihh n^SutHk^Jit tnciiib'r ci|l itrair Upper etuL 111 (he rraultant 
li^^temuuiito rtructure, ihft load P is carried lo ibe supports catiroly by ih* beudin^ 
in A JJ. UndiT i-hw CTinditiofifl, thw is no Imw nrtiunp and tlnf S'ld/AB ^nishcs 
fmtn the fotTguini; gcncrihl fM^uuti^jn. Also, prti%idEHi tliat the unil rorcea applied ao 
the out fnoaii of CD are so dircotJxl ns lo rnus*.- n unit tensile stre^ in that oicmberp 
Jf" " and ivilti E a ronstanfp 

L. ' 

-" 


„ rji*i 


Memls^r 

Sei’'|.icni 

A, ttL 

1, in. 

u. Ih 

«* 

u^fA 

AH 

12 in. ai.SIh / 

0,2iS 

{/ - 215.8 inA 

240.0 

+ 1.0 

UO0 

2a .0 

CD 

5 in 10.0 Sh / 

2.87 

00.0 

+1.0 

LOO 

30.M 

AD\ 

1—1 ill. ^ 

O.Til 

L34.3 

-1.12 

L25 

2l2.fi 

Dffl 

ml (u|isctj 

0.70 

LS4,3 

-K12 

i.m 

2l2.fi 





1 

\ 

471.8 




„ 20.000 X 1,320 

“ “ 471.8 + TiM - 


It follows that 


Sab - Smb - S' - Q + t”14J50 X (-1.I2)J - Ih 

Sas - 0 H- I’^14,750 X 1.0| - -14,750 lb 

The nmxjimiiti be.iidiug mumt.fi I in .4 If, its oaTt aright tH^ing ncgTi-rted, is 

20.000 - 14,750 


3faii “ 


X 10 - 2tl,®50 tt-lb 


DlspliiceiTient DitgramSr Thr Dt*j}luf’irmfril iif a /mni. If any nf a framed 

ptmetune b subjected to a strew nr a ehnnm^ in trnipemiure, Sts length b rhange<l. 
When the eliange is ojiiseti hy strw^ its am^mnl 
is X ■ S^/AE, in whieh k ii^ ihe rhaligi' in 
length, S the toljii atmss in the niLiiniH'r, f its 
lengtii, A Its ctofH fieetinti, aiid E ihe uuodulus 
nf ellStJriity of I he tiilali>^riaJ. VVhiUi llii^ ehoJii^: 
in length is causit'd by a chauin^ in 
Its iiinQu.iiT b K| = uffp in which u is cti- 
cffinenl ^^f linear exiMiiskm fUT dirfree tif Wm- 
perature change and f the number of «ti‘grewi 
df <rhafi|Bp^ 

lli Fir- TTp Cdiuji[|i*r the pumtao and c Exisd 
a> to homuiitai or vetittial unvecdent, and the franu- abe lunip.^ at iU three joints. The 
effect of a luad applied at h, tthown^ is to shorten tht> oh and lengtheu tla- 

membtT be ovring in x\u^ respective coEnpresrive and tensile Ptr(*xsvs peudiireii in thetiir 
Ij-I their lengths under this Umd he m' and respcM^tively With n bji a center aui| 
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U4i' u a mditiB, kst an art Ix^ cJtfatnbcd. Tlit^ pc»iut h luyAr li^ iHimuwWtr an thu art. 
Stimlarl>% an art b d^^tribc-d with c aa a ec^nttr and ai^ a radltia. Thn ihtMWrticin of 
tha two ana b thi^ poetitioii of thit point and thr fmnv abc, undrt thr articin at thv 
load eibowti, aaniniiid tlu? h1ib|hi ob'i:. 

Tbi? dtionxiatioiia, ai iibnwn ill ibtj b^uri^ anr vvry murh l■xa|q^■^atrd^ fat If 
woitf laiii off to tbt s&mv^ atalir aj( tho bn^tbif, tb-'y would not be viMbte. Sitifr thpy 
an? ao fftnalJ in ilrOtUpariJOti mLll thr fiMij^hj of the Uetobrni, tW taufttnb ta tbo art^ Uiay 
bo riubcftlluRd far the arta ihtnmilvi^ witbotit appfocbblr i^rrur^ Tb'rvforr, tb' dr- 
tortuiimtiati of the pu«iitluD of the point h' may be imuji!- by onK<ting pc-rpendioiilam to 
ah ami hr at tt* and tt^apeetivtlvi t hiiir iiitcnaKrIioii b^'inf thr poaitiop of the poioi b*. 

The Displacrmtni £>id^rom. [n the previDUif dbctiaK^on, two pointa of the frame abr 
Worn cooaidered fijced. If^ however^ thb frame wem ecimqih^nd iiM‘^it;ly m a Fxution 4if a 
lari^ fraioo the litiessL-si Id wliirh oaiLw a ahiftiiu^ in I he piHjjtiona of the pointa o and e, 
[ho final pontion of h would Aim be affeetud. In Fij^. 7^, tbi^ mnftnitude and direetinn 
of the dbplacemtfiiE 1 ^ of the ptantF a and c mtcpcetively are reprefiented by the lineei aa* 
and cc^. The portion of b aB affeeled by the ehatii^- in potation of a being hrat rfiu^ 
niderod^ it b neon that b lukea the pot'ition hi; but tbi.'! j^hifting in the poBitiort o^ c to if 
roneidered alone would caiiee b to s^umi^ ihe pueHtion A*. The deformation in the 
member! nb and he cauB^ a further Fhlftiog of h. To proceed a« in the previous) artjcb, 
the chang)r in the ler^gth of oh ia laid off fruin A| iatrard q*, dnee ihe ehange in length 
LB a (shortening; ita magnitude w ^presented by tlie heavy lino, ijimilorly^ from hf tbe 
elongation of ch w laid off tntviy/roni c*. At the e^trL-midefl of these, iwo defonnalionH, 
perpendieulam ans iimcted, their Lnterrwsi^tion hseating the point h'. The filial dwplncv' 
menla of the thiiHi point# a, h, and e ar^ hh^ annl hbz reappeiively. 



Fio,7fl 


Ftci. 79 


The dipplaeemout# of the points d and c, the defarmaiinnB of aA and he, togelher with 
the p^^rpendit^ulam eiveti^l al tbi* extremltLa nf the deformatianap form a rlofled polygon. 
Then!!rnn‘, that portion of the diagram may be const meted H^pamtely in order to tk- 
b'rruiiii? the final dwplaoemexitp. Thin wi deiirublr^ on aerount of the e^tifft-diogly sniall 
values of the defnrtnatioM eomparod with the knuithj) of the nh^mbem. Figure 7^ Is 
the neoessAry diogmin dnwn to a larger aoale. Such a iliagmn » cdlod a "displareroent 
diagr&mf' 
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TEie Du^Itcfrineflt DiA^rua for a Tru^ la Fije. BO the chon^g^es in length of iho 
»;!vcnl i£u?ailjcrH of the Irui^ of (o] due tcA Mnicic loud applied at df are nuu-ked on the (d> 
The ffttpport h i? while the other laipport c ib freo to more in the ia* 

diivetioa indiratod. 

The di^lacemeat diagram ma^’ bs con^tmet+Td by ooneidoriDg any joint fixed ia 
pMvitioa, and Oik of tbc inemberfl imklng the jobit mxy bo coneidjered fixed m ditoetioa. 
Jn the following a>niftrurtiaiit o nad the direction of aie regarded ae fixed: 



Fro. SO 


To bogio at o' in (h), the oloagatioa of ihe lontnhor nd u laid of in the direction of o 
toward d, einep la tbo final poRtiou of tbt*' dufortned tnifla 4 if pullr^J away from o. 
With d' tbiu! deterniicftHh the dhplact^mont of 5 ia found by mgardiog a and d in the 
t rinngJe ohd aa fixed. The eloajpitian of M ip laid of from d' id the cUn^edoo of 4 toward % 
and the shorleiiine of ah from a' in ihf diwfioii of h toward tL The iTderPeetiDn of 
thit pnrpi^iiEjienlart, ctindterl at thi^ir eX lrr*ltkitir»k, b Ihii point h*. In the same nuilltKr, if 







5-m 
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'v\ kH-iftied by kyiiig off tbc of be from 6' (ind thv elonj^tiuu of dc from if- aw\ 

ffe<rtiiig rhe ptrp&ndli^iitiin?. The limw a*t/ and i?V are I hr diBpEiin^nmhtji of tba- pennt# 
b linij r iwpcelivety. 

Tht* difformatichD of the aniirr ihr rvt^umnJ euiyiLiub» of on mihI ilm djn^tloti 

nf drj betn^t fixetl, i- ahuwti in (e). whi^n’ thi.- lii^plaeiimL^Ala cik]TaimH;| in (6> afr laitl off 
in a ^iimLItT fcaJf and tbe oom^pomiin^ pniiel poiritu jdiii'd hy Eirokrn Eioefi. Tln' di^ 
fiTjTnatioR Is greally r^Litfgg^tmLixl in arder to ^hnw tlir rffect. 

The ori^nnl ecdidilitnv, hriweV'E?r, n^quiro (hnl r ahull mov^^onJy on the inrlinH plane 
of I hr ^pport. and Lhon^foro thi^ whole inis^i must br tevojved nl^tut ti aa a wntrr unt il 
c* falle into n line drAvm through e pamlJel to the mnatniint^l lijV' of molion, the 
are iJnui d<writ>Hl by e' k vciy* rmall mmparixl with the radius cc' and na ibe din-ftion 
of ii! pmctifally the iifljne an that of iw, a ]hjr|Mmijiru1ar from to ^ mfiv be Mtb- 
atitiiled for the nre. 

In (cf)p in whieh the dijipbtct'ments ifh\ and n'd' art nhown without tfw.! coie^truc’- 
tlim Uiiw of rb5t tbe oom^ndiog path of rotution of c b trprwRted by e'e"', whirh 
ia drawn perpendicular to of fn - to an Inleiwction with a 3ine drawn through n^ 
iHuwlhO to the coii^trained line of motion of Tht* actual iti^laci-raenl of r ia itV”\ 
Thi' diaplarement of b caused b\ the roiation of the truss aI*oii[ q ja whirh b- iimwn 
pt'rpnndinjIjiT to oh of (o) jyid the length of whj<h b«mf the aame rakiion to e'e " ae 
thuir reapective rwdii of rotation lii«ar to oar jiouthrr. Thai k, fc'b'''Tl:V” - oftrqr. 
Tbr ktigih of h'b”' may bL- liotrrmineij by similar tnangti^ tjt rDllowa: Tlirongh the 
uiiil-puinl of draw a lim- thrrmgh h\ ajj^l from another paraJJel line to it^ inti'r- 
N:'CtJ[in wilh Op? drawn fri>iii h |vrperiii]iciihLr tfii rtf of iVi^. From this Lntj.’n*t'etJonp a Ifm* 
t erpendieulur to bd of lu) locniea at it# IntemiH^lioo with the iLm^ drawn froiii fc 
{X’fix iidiriiljir to oft Of (fl). The c^iiiat njct tou is i oihniteci on I h-- diuKmm. The disphift^ 
riij nt of H hy the rotation of the trusa is lietermiiiwl m a similar nutnner Tk^ 

n^^ujlant db^kH nn oLf; an! tbim repn^nted in amount and direct loo by <lV'^ 

and Sinro u is Esed^ then^ k no dtsplaccmi ni of tbuT joint, nnd a’ and a"" coin- 

cuie. 

In (d>, lht< final poaition of tbt- (Itiruriwtl <tujw »«liowit in broketn lim^, (bt' n«ultA»l 
dwplnrt'nwnt# aV" »nd rt'rf*" bcinif latii off to a jonollcr wale from (he points b. 
c, and <1 fispcetivvly. A» in (e) tlio ocltinl fli^pIkiN’inents an* grcnllv 

For the purpow of xiinplifyiiig th*- ciitiNtniction, ih« paralh logtnM!! of (if) ant com¬ 
pleted: j:e., fc'6" is drawn pnmllel to a'h'", a'fe" psiulk] to 6'b"‘. e'e" pnralM to o’c’", 
-»V' pondlel (n eV"'. d'd" paj-nlli^t to a'rf'" and „vi" pjiriilte) m rf'rf '-. Hinw h'Tk' - 
n fc , C C ■ 0 e and d d ^ o 4"’, h'V, r"c', atid tf’d' lu'prraent the respiM'livi* luuil 
displkcements t>F the poiiits h, t, and d. AUo, jcinci- n't", nV* anil n'd" Arv nnpeirtively 
P< rpendieular to ob. «c, njad ad at («>, [f ihi' points a', b", r", an.) d» ah> joined, they 
fnim m tnws similar to like oriipcud tniw nf Cnt. It follows, Tlu.nfoK, that tb' ^liinl 
dtsplacemi'nts muj.' be obtoinitl fn>tn tin? diagram of fl») ah foltnwHr Fmin t', dmw cV 
parallel to the ckknotrAined IIne of motion of iIh* point e to nn ihti.mrTtiofi with a piT- 
pendiriilar fmm o' to the mdiu.* of rotation of e, I*., to «e of a. On <iV' na a bom', 
•ainatrun a irw diaRnun miiultir to tfu< (.ntqttal .lia^mni. The h-ituinul dUplneeiDcnt-i 
an- Ibi-n Riven by the dinietioii# nUd diatanei-?. of b‘, c*, and it' from V’, c", ornl d" le- 
ii|M‘rtivi>J>‘, Th.‘ iina^anary rorortruetiou L> idiown in ifcj In lull linra. 

>iiin! the displnn'inent dioRram may tie drawn, on the liaanniptio'li timt any joint U 
rutwl and the dln-clion of any um^ «f the luinila-ra making that jniijt iit olan fw^t, « 1* 
odviiMblLV to cho^ the jMnl ami lb>- direction th«t will make the diARnun aa comt»e* 
OS poHHihle. This allows thi‘ ua*p of a larger aeole and reduces the prolndtility of error, 
r'ljrb a lestili mny be ia"ruri*il by imlrrlinR n lui'minir that sufleis (tie miidinuiti eliniijt.' 
in diieclion under tin* ap^ilii*.! htaif. In a simple iniHS, om* nf the ehnnls in tfs' ei'nter 
IMinel or the miildh' vcrtiml ..houlil rtuiw n, Jo the I rum Wbtwi- disiilao'imni diniirain 
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till# been ronF.tnjcl«J atwivrs, if tht: cllrr^rtioti of tbc middle? vn^rtiraJ and 

rllher onp iy( itP coEkdidati^d fijcixj, tka ilbii^raiu \r aa Abowpi in (f). 

If ibe oonsf ruTK-ei lim? of mcpfioEi v,vTt\ LotixoEdat, ibi? inisv ilmii^Jii woLiJd bt* 

nniiJecd t(i a pointy idnc^e o' phkI c"'" nould ptMnridi+. 

The Defiecdon of a Bddgc Tmss^ Wtunn live? Joad ibe iriitire j^ari of a Rimptr 

tnu^ bnd;KK.% thi- t-longatinn and «ihorti?rnii];^ of itw varfuu^ tntmihuriA of thu ani 

dujL" to tbu ra 4 UH?il by l.kt' livi? and di ai] loud, and ttw! stt'i’-i’rid piiiH'l points ujx* 

di^Fplacvd jin appreciable amount from ibidr ituHan^iienf poetitEMoa ^dlh in (bv 

lUeEubt.Tli. If thw dispbicement were not consukrrd in ike dfid^pi of the 1ni.s^j^ tbi^re 
woukJ \>i\ in any but the short^^si a nntirt'shln f^ai 5 at itu’ iriiiJ-fKnnl of the «paa. 

Ill ordiT to pleV^tnt itny point of the It^wtir chon! falliriK Ik'IihV a lini^ juininf; the two 
.•■upporta, tbt^ tenaiDiL mt^mbe-ne are 3hortci?cii by im aminim t^qilaJ lo lir ^«nti'!r liian 
ihnir idon^tion a# computed with fuU live tijftd on the' hiid^.^ SinnUxty ttu' rotnprci^ 
jdoa mniitbeE^ aiv leu}ctbi.-nttl a (Mjmc?pandinj? amount - yinee fidl livn load dtna not 
cauie the Eiaxmium etretfsi-s in ini>Eit of the wt'b iru^mlw'n? of a ?<itiipk tnuo^, it is not 
4Siiri3y the niaxlmum etresaus that are used in detenniniii^ tk- v^oiis ubti^ntions nnd 
ifhortenintJE#- 

With the sclectiomt Eind kni^ths of the iTHHmk'rA known, [op^thcr iritb their alrtwiw 
under live load, the ehutiici^ in length In each mt'Tnk’r may hit ramputod, and tk? dss- 
pkceioi^nt dbgmm com<Lrueted. Ck^ncralty, ihe vertical cohi^xincntii uf the du<|ilart'- 
nient# of the loftt-r chord |uinel points are all that axe Tequined. Tht-^* compotHJtita art- 
the deflcotlule?. 

Reciprocal Theorem and EnRuence Lines- GmsieJer u stnieLurv Soinliid bv a group 
of iiidcpi?nL|eut foreea A. and luppctse that a si^eoml gn>up nf furct^ H an- addi-d. The 
work done by tlu' rDrOLti A acttng over tk' di^liuncmcnts due lo K will k tr.iff. 

Now, auppow the forn.-# B had bet^tl i>tl the ^itruclitrs Hral, ami tbj?Ji load A had lai^Ji 
applied. The work done by the feroes 8 aj’^ting over the displaeeincikts due to A will 
he 

Thu redproeal thei»n?ni stati-s that II'ah * ITaa- 

SotEttj %'ejr^' lisleful eonclintion# can ks drawm from thLs uquaiiistn For isxaxtiple. there k 
thu redproeal defection retntiqn^ip t Thr. dejj^ion nt a poj a/ A due h> it -Torid of B fa 
C^urjf fill the drjleiiim H due to the i\ame toad uppHtii at d. A (nt>, ike rotaf iffH at ,4 ifirr 
to a ItMid for B U tquai to the rutution ni B due it? ihe wJtof fofld IW' nixmetit^ 

tpptied lit A . 

Another eonjeituenw is timt doneetion curviij nwiy also k* influcncfc' Imtv, to hojiu- 
fcak% for leaetEons, aheam, iiHsinents, or defluefion^ ^MidlEx-BreBlau prindple). For 
example, suppoiv the inllui'tirr line for a reaction i# tu k* fooiui: that Ls, v^ti wwh t<i 
plot the rettcTlnii J? a# a uni I load movci* over this stmeturLs w^luch may be stutieally 
indeterminate- Ftar tki heading TOnrdiiion A, we afialvie the struolurt^ with a unit load 
On it at fl disLanrr z from some refenmoe (loint. For louding condition B^ we apply a 
dummy unit vurtiriil toad LipwanJ at plaiv when- I he n-arlinn ts to k; lieti^nuirvi'^L 
defli^etinx the structilTV ofT the fcnip|Jot1. At a distance J frion Ik' nsfunosia' potril, the 
dbtpIjieiUEH'iU H iii£ and oviT thE^ MJpport thi- ilUpiaMV:mi'iit hi time. Ihmei', ir,|jtf - 
— I + HdnH^ fhl tks otkr kiEid, iVnA i# ^tro, Mnce loarling ronditioh A phnvidfTi 
no displaii^nn^nt for ihe dumoiy unit l<«iil at Ihc .tupiHiEi in ciiiiLiition H. G>nrt^ui!iitSv\ 
from tk» rpeiproeul thL^oreai, IF= IFjpa » IS; 

B =■ djji/itas 

Since djfjt k a ronstant, R t# propsirtional to ITcmv, ik> inflijciicc line for n ri'actjon 
('an Sw ofitajiaii fnsm t fn- rurvi* n-Hiiliiisg froEii a displaii'iiwnt uf the i<up|HMi 

{Fig. HI S. TTii' MiugnituiiH- of ik^ n'jurTirjii hs ohtjii in'll by dividing i-ach in^JitLate of I ho 
dufkrbeiL i-urvi- by the disphui'niciit t^f ihe r«iip|Nsri. 
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SimiWly, the mHuG&Bif line ftir dW oui be obuiwxi from the OeBwtion ciirvit pro- 
duec^ by ratting llip rtrortiire had ehiflin* tbt <nii ends %vrtttially Ht the point fur whioh 
ttu? Iii:3ui^nci^ line k deatir^i (Fig. 



Fia. SI 



Fill. 8:2^ 


The inllui'tirG line for bemding jiionu-ni «iui bo nblaiiinl from tin* ihifiw-iion «ifw 
produced by cutting the stmtyre and mtatbg the cut otitUi at the point for which the 

lini? biiciqrucl ^Fig- 83 ), 

Ami it. may W notocl that thi^ ileili'eLicjn murve for a loiyJ af unity bI Aomt 

point of a rtmclore i* aluo the inSucnci- line for cleflccttun nt thiti point tPie, 84). 






continuous beams and frames 

Genenl Method of AnAtyas. CnntLnutnu beaau hiuI fraiuiM roiuut of ineinber!i 
that ^ be hs Hiniplo btauM, the eiuk of which are prevenled by motft^nU imm 

rotating froely, Xkmiier LE in the continuous benm iu Rg. SBo, for oxnaiplp. run be 
imlnicd u Bhown m Fig. S56. nn J ihu eULUic tintnunts nt the curls replaced by coiiples 
Ml awJ Ml/. Ill this wny, hR is converted into a aimplv suppurtetl K-am ueted upon 
iiy tnuviveree toads anti end momente. 

The lu^nding-moioent diagram for LR is aliiiwn nt the left in Hg Itfr Treating LR 
■a n dmplc beam, can break this diagraiu d.rwn into three simple components sir 
shown nt the nghl of thi.> tv,ual sign in Pig. me: Thus, the lamding tniJini jit at ane rec 
lion eqoats the simple-besm momeru din- to the tnuisverHc Inwb. plus the Bimple-k-am 
imomcnt due to iht* end mnnmnl at L, plus ,he aimple-b,™, moment dim to the end 
niOElUillt Bt 

Obvioiwly. oncp Af^ and Mu have Isn-n ilebrnniimd, t he shumv niav bi; wntpuled l>v 
ak.^ momeola about any st^ion. .Himilarly. if (he nmntio.a. or sh,-a« are known, tbii 
li^nding m£iii^bt« ran be caJirMla^i^r 

A general method for doteraiLning I he clastic foroea mirJ munmntii ejrerUsJ by re- 
dundimt supports and momcnli. is ns foibws: Kenwve as many tedundanl supports nr 
memlx^nt m to makr llu.^ fitnieltim i?tallriiJ]y ikitc^rmiiiato. Comtiute for liM 

actual loads the deflections w rotations of th.. slatirolly determinate stroclure in the 
diction of the f^^s and roupli.^ hy the nrmomi supports ntwi membore. 

Then, in tenw nf ihm- rc™>s ami cmipkv, rominite the rom^nding ifeBection nr 
rotoiions the forces nud ct>upl«ii pnxbice in the atatiroilv determinate structure Fi¬ 
nally. for each ndundant support or member wriu> equalioiu that give the known rota- 
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tioDi dT d«>flectiutui of tb(< ori^nal irtniciun! in tcnnji of tbe ikfoitiuitioii!^ of tbp ntntirafly 

determinate irtruclu^. 

For exfimp^e^ oru? method of finding the mirtiaDfi of the mntintiDini bmm ALItHC m 
Fig. SSa h to tecnpormrily rumove Hjppom L, nod Br The bestn ia iiciw idmpJy iitp- 
ported Kitwecti A ami C, and tbe rvActiona and moment can bo conaputed from tW 
1 rw 8 of cquiBbriom. Ik^am AC deflect# at points L, Rf and H, whorciw wo kpow that 
continOoiE? bqnin ALBBC ta ptevitnted from defleeting ni theeo puintii by the nopporta 








k) 

Flo.lt5 


there. Thia infortnation enabli^A i 3 # to write thnv uqimtioiia In temiB of the tbtvt^ un¬ 
known EtmedoEkfl that were elimiiiated tu make the beam iHiticaklly Jutermlniite. 

So we drit compute tbe defl^ft joob uf simple beam .4C at jL^ R, and B due to the loada. 
Then* in teinnB of the unknown rosttiotiL?, we eompule the deflection at L w’ben *4^ is 
loaded with only the three reactions. The first ecjuatlcin is obtained by noting that tbe 
Rim of thui deflect ion and tbe defliH^tbn at L due to the Imdn must hif Similarly^ 
equations can be written making the tetai defleeSion at R fun:l miccoisrivoly, is^ual to 
sdo. In thb way^ three LS^tiatious with three unknowpH arc ebtamed, which can be 
waived nimultaneoiiflly to yield the required react]ons+ 

For -chillinuouii beanis and frame# with a huge nimiber of redundant#^ thi^ method 
bocomcA unwieldV betauae of (ho number of simultaneous equations. ^pecL&l methods, 
like moment diatriliuLlon^ ore prefeml^le in aueh gobc#. 

Sign Coiii^entEaiir For moment diaiributbn, the fdloiriiig dgn €on?entian is most 
ronvenienti .4 moment acting at an end of a nwmber or at a joint b positive if it Umd# 
to rotate ibe joint clockwd-w, m^fjative if it tends to rotate ihi* Joint cunaterriockwiRc. 
Hence, In Fig. dVit ta positivu and Ml \f negativi'. 

iSimilarly, the angular rotation at the end of a miMabt-r t» punitive if in a dockwific 
direction, negative if cuuiitercloekwiser Thus, a posilive end moment produecs a poei- 
tive end rotation in a simpb Ircam. 

For eaae in vlsualiiing the sbapi^ of t he elastic curve under tbe action of kmds and end 
momenta, Ircnding-monumt {iiagrains will lie plott4.^ on the tensioa Mde td each member. 
Hence, if an end moment is rcpmietiEed by a ctin^od arrow, tho arrow will point in tho 
direction in which the moment ia to be plottedr 
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STOESSES IN STflUCTUBES 

rufld-cad Monienta. A beam to reatmituMj Ht itj ends tliat no roEaticirt bf produf^ 
thi.-fe by iht* Ipoiid^ \m cudli'cj n bxe^J^iuJ bcHtm, and the end momenti^ jue eatlt«J fi^crd-eibJ 
manietilA. Actually, it he vary ilLfficult to coEutft|[rL a l>rtiiii wlib mdt TlwT are 

truly IlowevL-f, the concept of l!x«l vmh h uR-ful In delenninmi^ the moment in 

cuutitmouf beamF and fnuni^, 

HxcdHMid mamenta nmy be tixprcKtcd ^ the product ut a coeffideiit am I If L, where 
fr Li the total load Ob tk* ppan Tkr ctaiicit-iit independuiit td the properties of 
other mk mbtr# of the atniclure. Thuii, any member ran be frum the Ml of 

the alruclure and its fueil-end ruonieiila computed, Then, the aetiml momenta in the 
b«un can be found by applying^ a eurreetian. to each Cxed'^ml monti^nt. 




Fiae^l-end momenta maj- be detenniiied convemently by Lhe momcni-arpa method 
(seo p. 3-53). For frames, the cotumti artoSty^y I is fn-quentfy ver^^ upefid. ThL< method 
inkiw ailvanta^- of the msthL^niiittcitJ identity between the moment produced by cnko^ 
tionity and the fiber in a /^horl column eccentriiitiJIy loaded. 



Tr» find Hlatlodly IndcEerintnate moments hy the column aukojsj- chouse any 
venk^t twinditiR-inoment diii«mfti Btatirally coii.i|steiit with the lofldft, apply ihu dia- 
jtnim as the londijiK nn the analufsous cotumn, and compute the fiber sLresM (f - 
P/A ± Mc/fh The total moment at any pwiit, thus computed, m the difference be- 

"C^Dtinu™ Fiai™ of HMr.fM^vd Cbncnt#/'ialm Wlt*^ 4 iiim*. leie., Vork. 
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t.wccn iW [iiomeiit^ staticaJily dirtcrminetl mui rh<‘ indL^lL^nisiiiiite motm-tiU, or fiber 
pfrFiJip^w. Ttn- cuLalngniui irdlumn hn? thi^ i^amL' dimeiwoiiH a.^ the f ratine cjcwpt tbal nt 
ejw-li puint of it« rrcu^ niicltott tbi< w idth b t tiuat to- !/£/. where ^ ib^ ioimJuIiw of 
clflsrticily flJid / the ni«ineiit af inertia nT tb- frame cro^ section at that point. 

Fixi> 4 j-eail mnirvent^ for twinmoii typ^-ji of IohiUhk on Inums of coi^tant in£> 

nn^nt of inertia (piifnimUc are piv^n in Fljjs.. to SO. Alsm, the cnryes in h ig. ^ii 

enable hst'clH-^iid moniisnTjs to lie eomputeU easily for any typo of LoaHing on a prij^oiatic 
boamH li.'fflre the curvi'ff eaJi be entered^ however, cerlnin chitnif’leriptiw of the lomiing 
mosiL bt! ealcubtcii. Thtso inelutb Jl, the loaitlon oJ the eentei- of gravity of rhn 

^Pm 

Iciaiiltig with iT*pc*et to one of tlie lojnb; f/’ =* — wlicre h*/- as the ilistance froin 
each load P, to the uf of the loJidbg (tnb-n positive to the right)? and 


^ - 


ir 


fSeo case S, Fig fW.) Three vdoea ar& ^ren in Fig, yO for Mime com¬ 


mon typPB flf loadine- 

The carves in Fig, &l an- eiitereiJ at tbs bottoni with the location a of tht^ center of 
gravity with reepect to the lufl end of the span. At the inleTSL'Ctioii with the proper G 
curve, pracfetl hoftsontoJlv to the left to the intersection with the pnoptw hS Itoe, I hen 
vertically to the hnrizonial #eati 2 indirating the eoefftdent m by which to moltiply 11 L 
to obtain the fixed-end munwiil. Tb‘ cortvfi solve tb.^ equations: 

= ^ - o*u - aa - +0(1 ^ ai* + 

Il h 


prajf “ ^ ^ 

11 Id 


wbt^nf jl/t^ iv thp Csi'd-end moroent ul thi* ItfL fluppoit etntl at llu.- righi jsupport. 

As nil cxampli' (»f tlit urn- tif ik* ejrvps, find the mcmuiitit in it prisomtic 

lit'ani Ilf awi spaii oarryin* » ifitinguliu' Uuidiug of IDO kips, similnr to thi! InwiiriK 
shown in ett«‘ 4, Fig 90, dL-rtributwi ovti- thL- entire Hpan. wUh rhi' nuwiiiium inteiiifity 

at the right impjiert, . . . _ 

CuM' 4 givni the ehttmrturirtirs of the iondlnsJ jy = It the evnlw or gravity is 
frond the light support, so u = 0,67; tJ* “ *-is “ 0.056: and .S* = “Hss ” —fl.OOT. 
To fiiHl Ml/, we enter Fig. 91 at tb- bntinro with u - 0,67 uh llie upper !«^k“ and pm- 
rwd vijrtifjili'y t.o ibii' i«rtimfitjvl lemtion of thi- inP'rseciion uf ihu coordinate wil h ilu' 
0* ■ 0.06 eurvn, Umii. we move hnriinntaUy to ib* intefseittion with the liae for i? — 
-0.007, ns mtiiiilwl by the ilnsh line in Fig. Oi. ni-ferring to the jktiIc nl the* top of tise 
diuRnuil we find the (efficient «ji to lie O.lO. Similarly, with a » 0.07 oti tin- iowrtt 
sealu. we Snd the etwfBrient itij to be l>,Ct7. Hen™, the fimMi-i'ml muiiwnt rtl the right 
support bO.lO X 100 X 20 = 200 ft-kips, ami at the left support —0,07 X 100 X 30 - 

-I40ft.kips, L . L . 

Fiaed-end Stiffnase, To rom-ct a fitfdHi-iii.1 nuimi iit to uhtjun the end moinebt fur 

the actual cunditiuhs of end rwtrjiint in a dontinuotis atrueture, lb- mid of file iwcmlief 
emut be permit led to roiate. The amount it will rotate depmiJii on its eti£IrK*i, or re- 

ifiMitaiice to TTilatmiL ^ 

The flied-eod stiffness of n bum is defini>d as the muuuiit remnad to jiroduLU a ro- 
taiion nf Uidly at the end when- it !# applimi, while the other end in iisti afpdnxt roia- 
tinn. It is repniBi'iiled by Kh^ in Fig. 02. 

For prismatic beaiiw, the iMid-end KlilTni'SRta fur l«)(h emU are iiiiml to iKl/L, where 
E Is the modulus uf eksticify, / the iiwnisnl uf inertia of the truss seetion about the 
tentroidai asis. nmi L the span (gi'iiirally Uken center to center nf aiipportsi. Ihla-n 
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t lJ$e upper line 
yse jfltaeF Jlmfl for 


Fia. 


rifirprmatiQTin mth not fi^quired to bo c*lpukted, nnly iho relative of for eaeli 

fliejiitwr iveed he knawn; bofico, only the ratio of / to L hait to be roiopOtiKlu (Ftir 
prifimtie beftiTK-* with a hatiKo at oru* emip the 
aetufil ^tiffniw is Mi/L, ivt ihm?-rourthff the 
bxed’-end irtiffm'j*.) 

For beams of varinble moincnl of Lnsrtim 
the E\ed-ctid elitfia^ fiuiy be eateulutiNJ by 
tnetbodfl pit^nled kter in thii section or 
obtained from taljk^s eucb aa those in the 
''Handbook of Fmnu^ ConstantSH^' pub- 
lLJ*hed by the Pottlaod CcDieiit Asmc-iatioUp 
Cbicaijo, IJl- 

Fixed-end Carrr-over FftcforK When a mo- 
nieiit ill applied ftt one end nf a timing n 
autlnit mumtrnt b indtu^d at the far end if 
that end is rcstrainid aKflitLtt rotation 
l»2K The rmiio nf the mOadiig moment al a ftsed end to the appliwl mnnit-nt is ealled 
the fixed-end cmry-nwr factor 

Far pdstiiailr U'ams, thi^ cany-oviT factor toward either eniJ in 0.5, It 

should be noloil that the appUid niomcn* and the rc*iflLinjt moment have the eigti 
fFig. 92)j i-Orp if the appiitHf rnument acts in a cloekwiin* dirootionp the carry-ovef rnomeiit 
ftlwi jsicts dorkwise. 

Far hiroms of vanaJbie moment of im^rtia, ilw fixAHl-end carry-ovTsf factor may bo cal- 
eqUtc?d bv methods prewntini later in this section or obtained from tabk-^, such as those 
In the "Handbook of Fnuno CoEkelantp;' pxiblielmd by the Portiand Cement Awdatinn, 
Chlcafo, IIL 
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Momtot Di^tribuiioD by Conver^io^ ApproxunniJona. Tbc fraiw in Fij^- 93 
i>f fuLir pii-miMiLP ini-iubiLf^ rigidly euinuvM 0 ^vii jii i-mL. A, t\ 

find D. If an i^xRinml Dioimml V ik ei|irjlh4i at O, iJw sum uf thi^ pm\ mnabt-uta la nurh 

mc!niberBL O tnuirt bf- s'mmi to U. FurttR'j-aufWp tdl membi'nf mtatc* at OtLmiiifli 

llnr ftuni- an^Tu fl, aduR? tiu-y an- ek^Lmiid tt» bt* ripdiy noiiiif>rUfJ ( bf'rf, Hi-ntt*, by tbn 
deHTniioii uf fl.^L>fi-i^nii sTiffni'Sd, tbu.- |>rorKPrtinti of f' inilurHl m ond of tfaet mi-fular 

^ 4 




at O is filial to rhf ratio of iha s^,\Emss of thai tmiinher to Eht! nmn of ihe FlifTnfweri of 
all l!h‘ m^'tnlHrni at tht; joiol. 

Suppiwi^ a niomont of 100 ft-klpd ia appliisJ m O, aa indicalod in Fig m TIk: n^la- 
fivo Ftifffii-e {or I/i^)\s aic ^huwn in cirtle on oaoh miimbor Tbn dwtriby- 

lion factoid for ihh nboinaal al O iiomputixj froni tlit^ stiffn^a^wa and rihown in the 
For <:'Xikinph.% llio cluilrihijtian facitor for fJA equals \ta divided by the 

-ym nf ihi? Ntiffueam of dl ibe member^ Al the joint: 3/(3 + I + 4 + 2J = 0,3. 
tbi^ momivni induced in OA at O w 0.3 X 100 - 30 ft-kjps. Sifinlrtdy, OB gctF 10 ft^ 
kipfi, Of' 40 ft-klf«r nnd OD 20 ft-lci|*?, 

lhj‘ far eneia i>f Tht-aL' UK'tblH^n are fb:od, onn-iiftlf of momenta are ouritd 
over 14> them. Thus, AIao = 0.5 X 30 - 15; - 0.5 X 10 - 5; .\fvQ “ 05 X 

40 = 203 unrl M£io - 0.5 X 20 = 10. 

Most Ptmetun^ coniifft of frame? similar to the i>ni* in. Fig. 03, m iinift sinipJer, ioined 
Tbriugh the ontlH nf the nutmlM^m an^ nai liscd, the leehnkiae employed for 
(he frame in Fig, G3 c^i bti applieij to find efid momenta in .'mcb rnntinuouF atructitR.'fl. 

B^dore ibc genentl tncthurl ia peFsenttHli oiu" short cut. i* worth notitig. Advantaic*.'! 
ran. Ih.^ takim wlam a memlk^r htu= a hinged i?ntl tu nsJuee ityf! work in di^ributiAg luo- 
juentjs. Thia La done hy lediig thl^ true stilfni.^ <if the mendjor \tmmd of the Bxed-end 
stiffnejw. (For a pri-<rrui(ic Ijoani, iho stiff™ si d a nmmfjtT with one und hin|?M:i w threi-^ 
fiHirtha the for a lieaiii with ^rariidde mcmient of inertiii, it. is oqind 

to Tiar fixiii-end stiffrii-aE tiraiw 1 — XaiufaJly, the earry-nviir fm'tor tof^^rd 

the hinge b Eero. 

W hi'o a jodnt b neither fixed nor pinried, but rratnunt^d by olostic! members eunneeted 
there, uifomeiitfi cim be difftribuU'd by a nf convergiDg approximations. All jninlia 
are locked agatiul rotation at S-rat, A* a ppauIe^ thi- lonrlfl will rotate fixeil-tiTid moment? 
at the end? of every IlmuIchI mi^mbc^r. At ejwh jifSnt, a moment et|ual (u ihe slRebrpie 
sum of the ft»-d-end moraenta there is rt^uLred to bold it ffsed. Then, one joint h un- 
lorkcd at a tiwie by applying a moment eqnal but opposite m agn to the moment lliat 
was neediKl to prewnt rointion. The unhieking nmnieiil miiflt be dblributf^i to tbe 
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M tln^ joint in pmiiorilon to llwiir G35 ih|-c!IiiJ jrtiffnr^^spe^ &nr1 iJip dtfsHbtitt'd 
nirtied owr to the? fuf 

AlKvr nil iiftv^‘ Wn rolciiml tit it i^T^DeniUy will Iw niu't^sfiiiry t«j rt!|H:ai 

thii.prmaa—Bomttim™ jai^v wrTil timee—bt^fon^ iha compel lonR to tbe fisic d-ifitl muimi iii^ 
beoorat' lll-gtk|^ibtf^. To nMfuot' ihe^ number d cyek-^^ thi' uninc-kinK gf joLtiiia ^buuJd -LbH 
with tboAt' having tho unh^Unecd moniL^nl^. 

Suppu^- tlu' *^nd ^lo^ll^nb^ xuir to be? fowmi for tho oontinyou* iMmni A&C D in Fig. M, 
TIm; UL vjiJutfl for 4^11 jfpaifcg tiwnifor&H ibe rubktjvo ^ixl-end ^tiffiiL^ for ail 

nwinlM^rs is unity, Howt4tt;r, Ptnee Ai^a. Liiu^t'd i^nd^ the cotnpututlim ran lie ylii:iru-ai}d 
bv ui^itiK. the ftC'tuaJ rcln.ti^'c s-tifliMStK, wlitcli la Relalivu eliffni'ftk'i^ for all iiH'ml]oni 



an- chilli II tti I be eiirle on tuLch nu^iu^MT. The dwtributluu faelors an- aliown in tb- Losi^ 
at luu-^b jioint. 

Till' roinpulation starts whh delerntination of llxwl-i nd moimnb br eneh memlter, 
Thom: an- aw^uiuk'd to have b^?n found and are given on fir-ft line b Tir. 0H. Ttii^ 
greatest anbaknA'd nmnwiil in fnurvd fnoni inspect ion to U- at liinRi?^! i nd A\ m t Lk 
joint is unhickLal fiivt, Since theiv art* no other mrcmlars at the joint, tlir fnll unloekiiiif 
momi nl of +-IO0 i« dbtrihuU^I to A H al A ami otiL-liaJf of candied over to It. Tlie 

unhalanre at U row k +400 - 4S0 Tilu^ thi- rarr^HtytT of +^1 from .1. or a lotai of 
+ 120« Heiu‘ 4 ^ H monn-nt of — 120 mn^i he applied and liLmdbult'tJ to the nsemlxirF af 
a by ruultiplving bv tbe dis'tribulion faeitirw in (he ram-t'ponding bose^. 

The ret mnjivniit at H oould b- found miw by a.Ming the entrit^ bir i^ch hamlar al 
the jfflnt. If MW ever, it gr-nk^ratly ID mnn' cwiovenienl to delay the suninjatiufi Uiltd the 
liwt CVPk of difitfibutinn hats eomplelod. 

Tk^ muHiiLJUl dtFtribnt«JiI to ffA not b- i^tmed over to A, btaum- the cany-over 
brtor toward (he bioRed ohJ W* mto. ITovoner, htdF tb' Tiaitiiinl itiHtribuT.^] to BC iif 
rtirruHl owr to (’. 

similiu-lv, jiiint (’ in imlih'kiid mul }wlf tln< airtrtbuM iit^>iiii>nti» ranii.l ovirt lo H anti 
D. h!*po<>tivfly. joint fJ I'lumlil uoi h(> utilorkctf, Minot- it iv'fuftHy L. n n»<il ond. Tliu-, 
(k- first t-yck' of tnonwnl dislribution hru* btt-ti cutnijk-hil. 

Tlw scronri cycle b inttitsi out in tiu- sfliin* nunmuT, .Ininl H » rt-k-iM-tl, tuitl thi- dis- 
IributiHl ill iiC is vanitttl uvt-r tn T. Finaliy. r b iinlorkt-d, lo coinrikte (k- 

cyrlu. Adiling tk; iintriw for tk- end of t'at-h iiit-niht>r yii-kls the fiiud tnon.M;ms. 

* CoBtinuous Frtiis«8. In irniclift*. lb- pti>bli™ w to fintl ik- nMSriinum oiul iiwiTMcrii> 
Bud intt'finr tnotmnl ronibination of loading. For imurimnm 

iiiomi-nl rti tk' i-iid uf a live hwl chMild k- nlnccl on that k'Am imd on the bum 

mJjoiiiing Ik- «-i)il ftir wliich tin- nionu-nl is to Hr Siwin- jwljoiniiiR lk-«- lw« 

shonl-l I m- luvumi'il to lx- nuTyini! mily di-oii low I, 
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For mAximyjii nuJ-^piLQ oiiUm^ntB, th** br^m uml^f »tuddcffili{)ii \ki ftdly 

kiLcb^d, but Hpahikd ^boealij \k luSfrunitHl to Jir mn-.^'inj; only d^^ad load. 

Tbp work involved in dutfibutiiii^ mnnM-nt^ dur^ to duad ami IKt? lnAd»* m rojidiuiou--< 
Tnumw in bdldinp auii bt Kn!aL]y Kimfilifted hy U^lntitipf oarb floor. The uf ik' 
\ipp-T rolumn^ and ibe bottutEu* of tty? loni?r i»Ieieiiilh ran be a^univd fijoud. Ftinlirr- 
morp, the romiiutalionB can bo cutidtijund conaidifnibly by fodowinic tho p^mcvdufv rv^ 
omineiidfd in '^Continuity b CoDCJiitii Buildinj; Fntny^'' (Ponland Cena'iil Asovui- 
tion, Chirafco, t]lJ and iDdicatcd in ¥1^. US, 


A B C 0 E 


I.STiff. 

S.Olsl.fdcfor 

a.RE.M-D.L 

4. FE.M“total 

5. Carry over 
§. Titian 
7.DistribubDn 
8 -Mdx M. 
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5 

+ ei 
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+ 133 
- 44 
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Fio. tiS 


FieiLTc 95 pn-soiita Lbo tromplcte cukulatbo for miudiiiiim ciwJ and mid-«p«u^ momenta 
In four floor boaiu^, C£^,i and £)fS. Biiildini^ colLUnns arc iiifi^iiiiiL'd to be li^ccd 

at the story above and belovr^ None of the tteam or column nectiom ia kooan to bt-pin 
with; souAti Flart, ad membcfOi wiil be as^unM to have a fiied-end itifncaH of unity, 
indicaled on thv firnt line of tbo eaJrulation. 

On the sfcoud line, the distributioti fartore for u-arh end of the idi&wn; 

rolumii nmmBiiUi will not be computed until momeftt dbtribuf ion to the beaiiLe hafi btjcu 
otimpleUd- Tlwti, the ffUm of the column momo-nts at each joint may be eMily com- 
pul4.d, since they an? the momentff needed lo make the wjm of the md moments at the 
joint equal lo zero. The fntm of the eotumn momefii^ at each jinni «ui then bts dit^- 
tributed to each column thjw in proportion to its To ihia example, each 

column will one-half the mm of the column momenta. 

Fixcd*cnd moments- at- each beam oruj for drad load lue ehown on the third line, 
above ihn horiiontal line, and fixed^^ moments for bv+> pltyi dwid load on the fourth 
linCr CormfqMmdins mad-span moments for tiie fixed-end eohdjlion also are Rhown oo the 
Tnurth liiw, aud lika ihn ond momenta will be eurn^cted to jieltJ actual mid-span moniEmrs. 

For miudmum end njoment at A, beam AB wu-rt be fully loadcdp but BC should carry 
flead load only. Holcflng A fixoilp Em unlock joint B, which Lm a toud-lDiLd 
end moment of +17^ in BA and a dead-load lixod-end moment of —37 in BC. The ru- 
IcasJivtf momenl m^uired, thcrplofCp is - (172 - 37), or -135. Whei] B is released, a 
moment of ^135 X 0.25 in dertributed lo BA. One-hiUf of ibw is carried o%'er to U 
or - m X 0.25 X 0.5 = “17. This value is entered as the oarry-ovor at A on the 
fifth line in Fi[(: B5. Joint B then b teiocked. 

At A, fctf which wo aro computiiu; the maximuM moiuctiL, we have a totat-foad fixed- 
end uioitient of —172 and a cany-over of — |7, making the total — tsa, shown on iho 
ffljclh line. To rvlraae A, a matomit of -f-lS9 mmi be applied to tht^ joint. V>f this, I&1> X 
0.33, or h3, is diatributHi lo AB, m indicated on the seventh line of the ndculation 
Finally, Ihu maadtoum moment at A is found by widiiig lines fi and 7” — 139 + fi3 — 
-126. 
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For nuudmum mnmrnt st j&, both .4^ Mii BC muAi be fully but CD fihoiilfl 

p&ny only cIlW \fmd. Wu b*p£in the delercvinatiun of the raonwjit at B by relrm^kg 
jnint.« .4 atiiJ C, for which tbt* eorresponding momi nl.^ at BA and BV an' 

+:!U (uid -<+7W “ 70) X 0 25 Xa^ - -I. .^Wn on the bfib Hue in Fir. 05. 
'IVs-‘ hritijE tbs' total ftxednmd iiuchUM ntji in BA nnd 6€ (o +201 tmd -79, rwpecliiody. 
Thf‘ n.+?aainit monicint re^uiml ts — f20t — 79^ = — 122r MuHipljlttw ibis by tb; 
distiibnttoti factors for BA and BC wbco joioL B \a reteoKod, wb find the- distributcKj 
moTnent?, —30, entered ou lino 7. The maxiTnum end momenLR fitudly are oTitairkPd by 
adding linrif 6 and 7: +171 al BA and -109 al H(\ Maximum momral# at D, atui 
E an? natfifMilBd and imtor^ in Fig. D5 in a Mmilar manner Thia proefdure br c<|iiiva¬ 
lent tu t wo cyelts of dirftribution- 

The roni]^ttttion nf maximLiEii mid-^pan momenla in Fig- 95 is ba±ied on the 
tinn that in each ffceam t-ht^ uud-epan moimnai w tlut sum of the simple-beam mid-KpAn 
Tm»FTU"iit and fJiie-balf the algebruie differenco of the final end piOEdrunls (I he span c^w 
full IdhmI but adjacent only deewl load). Inatoa^l of ptarLing with the fipiplL-bcaai 

moEiK^ntr howevetp wo tH^gia with the mid-span monijent far the fixt'd-cnd condition and 
apply two eorreetionfl. In i-'aeh ^Ktn, thcMi «im=ctioiv art^ eciual to the rarrt-over mo- 
menu ontereef on lim^ 5 for the two endR of the bcAm multipliid by a factor 

For beams with variable moment of iiiertiUp the factor id Jr - + /J — 1^ , where 

iB the fixi?dHL"nd carry '-ovit factor toward thi^ and for which iIil' corniH^tion factor w 
being computod atid D the rlistribulion faclor for that end- The plus sign is useii far 
wnveting ihu carry-over at the right end of a beam, and the miims sign for the carry¬ 
over at the left ond. For pri.Ntiaitic bejwn.4, the correction factor becoiDefi dz + Db 
For ejcamph!, to find Urn corrections to the msd-f^pan momr rit tu AB, wi‘ firal multiply 
the carry-over at A on Imn 5, -17. by -^^{1 + 0^). The tjnrFvctbn, +11, is aIkp 
^- nterL'd on thi- fifth Hiu?. Then, Mi* miiUlply tla- carry-over nt B, +29, by + + 

n.asi and enter ihe corroction. +13, on line 5- The final mid-span moment ii* the mm 
t\i Linos 4, S, and fi- +99 +11 + IS =* +128- Other mid-span maineELU in Fig, B5 art^ 
nhtaJtiial in a jqmiUr rtkanner. 

Koment-inflnence FaEtora. In wrtam types of prohlenia, iwrTirularly (hiwd‘ in which 
dfcfTL’fcnt t^'pes of loading riindilionFi miait be in^x^ligatcd, it may la- nmn^ ctmvE-nicnt 
to find Tiwucimam end momenu fmm a table of momi iktdnfluenei^ factors. Thi* tahk' is 
niiult- up by liflltng for the end of each nu-ndn-r in a stnidun' thfs mcinaait Inducid in 
that <‘nd when a moment {for convenience. +1.00(1? k applied lotaich ioinl sucoi-i^Mvcly. 
Onc^! this lahic ha-« ba n prepand, no additiuiwJ nioamnt dutrifiution U for 

run]|Hiting the ead monientR rliu- to any loading condctlau^ 

For a FptaiifiE leading patteni, the moment at any bwiin end .If .iff may be obtaimod 
from the momi ritdnfliienH! table by multiplying the cnlrie* Under AE for I ho mrious 
joint* by the actual untiakiici^ at Ih*^- joinlo diviEjoii by 1,00Q, and summing. 

A* on esafilplc of the tL-e of thi' technique, let U* fh^LenniElc the moniiCnt* foe lb: cou- 
linuoLiR lic-ani and lea<liiig in Fig. 9^1. A.-* indicaled in Fig. WVi, moment* of + 1 .fStXl are 
applit^d sucw?flively at joints .1, fK stud C the rolling mominu Ijeing ibe moaiimt- 
infliicHre fftrlure* 

To ruU' 4 i«' joint vl, whi.rh Ihk« n fl».■d■^•n<l niomt'rt of —400. n motnent +400 must 
bi* ftiiplit'd an shiiwn iit Fi|{. SMift. Tlinl niinntnt i« iHi'n dL«l rit.u.ft’ti hy wnif thp moment- 
inflwne,- fwtors in «« for +l.lK» m A ; ftt AB, +4tl« X l.QOO - -l-jon; BA, 
+37J X 400/1,000 - +IQfi: «.( f’W. X 400/1.000 « —30; iit IX’, +3S X 

400/1,000 - +16. , _ 

Joint £1 lus nn unbalitnw of -60 dne tu lued-cnd monirnt# uf +400 and —4fl0. Tu 
Tul<!ABi> thu joint, a MOTncnt of +fl0 mimt be nppliisd al fi;it is dtstrib«l«l by rooltiplyiiig 
tbe iBonwnt-infltirne.* faclore in FIr O&i for +1,000 at B by SO/1,000. The iroilt* are 
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U] mAL M0M£/\7rS 

Fiu. m 

Kivcn in Fift. ^ wpH as for sinulttr di^trihutioEi of thj" niiumbilici nl C and B. TJit^ 
filial laomunb* axv olitainrd by yauimiiL|: up (1 m." cntHos fur ibft %)uth^ of each mtjrtber. 

If I10W+ Bj]i) 4 tiL"r Hy^tem of locuJr m^rv applNI to thi^ beam, fhe final moment? could 
be obtaint’d by ,a i^t-culat ion similar to t hnl iii Fi|^. LkEiii^^ Llui ntOEncn(--infiiut!iicc fac'~ 
ifir? in Fiif, 

DeSecUpii qC Snppatt^. For some probleniBp it iif ron voTLMrut to knuw I bn eJIcet of a 
drfli.H[-uob of a ffuppori burmal tq itip original pg#ittaii of ji cantinuotu beam. Bui the 
tnoitu^ntHliMtributEoii mi^lihEKl is haeixl on the Ess^umptiuii that such mos'v^itijcat of a t^up^ 
port dot** not occur. i{owt"ViT, the mrthoct nm he mo4ilii*d to evniuate the eod momenta 
reatiltiiigfmm a Mupport movement. 

The profi^urt^ ia to distribute niomf nlM. am usuid, A^-^unubg nu desertion at the sop- 
porlH. This tfnplij!^ (hat additinmd external fom« ate exerted at the puppcirU lo prevent 
luovfcimoot. HiL'M* fcH-eep eim be eompLlted. TIli'li^ t^ual nnd OppOfrile forces afe ap- 
p3h"d lo like rtnjetujv lo produn." thu? final configuralioti, and the moments tlint they 
produce are distributed as uiual. Tliese mumeald iwldi-d lo thoBe thlaiiktid wilh undt^ 
fleeted auppopta yield the final ntomenla. 
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To Apply this proctNdurpfc it i** first know (ho fi:xt'ti-<'ml momf-ntif for a 

bottm with supportis at different IpvejIsj. In Fip. SITa^ the right end cif a bditn with span L 
is at A hifigbt d id>ove the left f’twl- To find thL^ fistjdniiMi momt'tiisi, xvi* firet defltTt tlw! 
bt*aiii with both eniin hinp^in then fis tlw right otird^ loaving the ttdi end hiiigi!Hh iw in 
Fig. 07b, Noting that a line cooDj^rting the two suppcnis nmlc^^ aui imgk^ ftppmxinmtely 
i>qiml to fi/L (its tangontl with ihi'' original position of the hejupp wx- apply h momeni al 
the bsngt.N:l tmd to produft* an end rotation tfttini m\uhi to d/L. By the definitioii of stiff* 
n s Sff, this monu^nt i*r|iiids KiJ^d/L^ The ojiny'-owr to thi!- right enil is ( [iniHs thisj 
By the law of reeiprocnJ delU'CtionSp the fis<K!-eiid momenl at the right end of a beam 
due to a relat ion of tht”! otlmr l*de 1 is c^imJ to thi! fiKi-dHend iiionient at ihe k*ft end of I ho 
beam due to cite i*arm' rotatiofi at the right imd. Thurofon^ the earry-over mnmi'^iit for 
the riRhi und b bI«i ennui to Ci^^Kn^d/L {msa Fig, U7fjK By adding ibr end momeDia for 
tha loiiding rcmditioiLa in Fig. S7h and a, wv ol>tflin tliL^ lod naoments in Fg. ^7d, wluoh 
is equieoleot to the dofloelL-d beam in Fig- 9To: 

Mt'' - + CH^ij 

Jj 


- A'i/fl + Cl^ I 
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la n Rimtiir manner, the nuim^'til am bi- bund fpr u IwtuA irilii utw end 

hinged jukI tbo pupportff at dif^jppnt Icvi^tit; 





when? A" 10 tb^ aertuAE stMfor tlit end ol the beam that is ixed; for beAmi of variable 
mPiLLurit of inertia K I 0 equal to the fijKct'end stifTne^ times (J — 

Procedure for Sideswi^. The prohkm of n^mpullng ^iiit^WAy moniL-nts in riEad 
frames 10 eoDveniently isolved by tlK^ following nw-lbod^ 

1. Apply forces to the alrueture to prevent sidesway while rbe fi^ed-ead momente 
due to loads are distributed, 

2. Compute the momentu due to iWp* 5 brass. 

3. Combine the momenta obtsuned in ^sUipn I and 2 to ellmkiAte the effect of the 
forces that prevented Mdeawny, 


iOOO^^B C 



Supp>KC tlu> ri|^ in Fig. Ki is aubjceti<4 to h 2,Q00-lb horicontjiJ load aetlog to 
the nRht bI the krvel of bvom Bi\ The hrsi step b lo rompute the momcnt-influencie 
fartom by applying moroDnla of 41.000 at joints if arid C, BFiLuming ^idDawny prevented. 
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Since thwu ftnj acp intcnnKlkte lo&cbi on the beitm imd euluEnnSp the ttnly ittii> 

nMMita timt tmcd he contiiderLd ikrv lhoH« in the culumnn due to ktoml deMectinq uf the 
f™™ cnii^iod by this bunzontn'i load. 

Thi? huwiivar, u not known initiatly. So we a^un^e an arbitEmry 

lioD, which ptiHlottw a hxL'd-tftul monoent of — IpOOOAf at I he top of cotnmn CD. M bi 
an unknown constant tn be detiirininod from the feict that the Kum of the in the 

colnnuiji mueit be equal to the 2,00Q-Jb limd. The Rtimc dll‘ii^ction aim prodiie<^ 
a moment of ^l,00Ddf al tho Ijottom of -CD. 

From the p^metry of iho ntjuctiire, vte furthermore note that the deflection of B rel¬ 
ative to A ip equal to tbe de^tloii of C mlaLhi: to D. TheUp accotcling to tbs- equations 
developed in Fig. 97* thi* bH'dnsqd moEuent# in the eolinnnn of thi? frame are propor- 
l tonal to the kffnesses of t b' colupms, and heneep are ectiml in .45 to — 1*OOO.V X ^ 
—3,OOOJ/. The column fixed-end morai^OEs suv entered in the firet line of the Moment 
Cditection Table for Fig. 98. 

In the def!eeEed ppMition of the framen jointa B and € ate unJoeked. Firrtp we apply a 
releofing moment of at 5 ansi distribute it by multiplying by 3 ihe entrie# in 

the column marked '^H-1,000 at W" in thty Table. ^1uiiient4nduenei- Factona for Fig. BS. 
Sinijlarly^ a rek^ing moment of +1,000Jf applied at C and ElisLributed. with the aid 
of the moiiieiit-influeqce factors. The iihitnhuu*d momenta afo Gnlemd in the fecund 
and third lini-s of the momtUtHnllection table- The final munujola ore the sum of tlu' 
Eud-end moment? and thi- diMriburod momenU and Kn* givim in the fourth line, in 
term? of 4f. 

Tnuiaring each column and taking mnn>e-ntP about onr end,, we find that the ov^irttim- 
ing monu-nt due to the shw ia equal to thepujn i.jf the onij momsmtis. We have one Kuch 
equation for each column. .Adding these equations^ noting Lhal the sqm of ihr shc-ara 
iquals 2p000 Ibp we obtain 

-Af(2,052 + 1,104 + 7B9 + 8BS) « -2*000 X 20 

from w^hich we find M = 8.2tJ. This value is jfubiitatuted in the pidefway Tolalp in the 
momcnt-eulleclioti tabk* to yield tb- end rtionmists for the 2p0lX^lfi horiEontal h.cid. 

Suptjose now a vertical load of 4^000 lb is applied to BC of the rigid frame m Fig. OS. 
S ft from H. The santf inoment'inflsienei^ fiietom and moirbL'nl-colkclion labk can agoiti 
be used to determine the end numn^nts with u muiimum of labor: 

The fuctd-rad mrjment at with sidt^wAy pmventetl^ is — 12,800, and at +3,200. 
With the joints ictill locked* the frame is pertaitud to move laterally an arbitrary amount. 
?othat lEi addition to the fixed-end monamts due to the 4p000-lb loiulp column fiited^rnd 
momenta of “3.000Af at 5 and — 1,000A/ at C oie induo^d. The innment-eolleeliuii 
table aJready indicates the effect of ndie%diig ihe^- column momenta by uiiEiLU!ktrig joliiLa 
B and We now have to aupt^rimposc^ thi' eCtect of i\‘k%9lDg joints B and C to retiove 
the fixed-euil monionts for the vertirtd load. This we can do with thi* aid of the nionufrii- 
influenw factors. The distributkm is sdiown in lines 7 ami S of the mnirw-nE-eollL+elion 
lafds^ Tin: sLuns lif the fixed-end moments and diptribubd monKintP for the 1.000-lb 
hyul are shown on line 

Th- Link now n M ean lie evaliiateil from the fnet that the mjm of the horizontal forrcfi 
arliug on I he columns nuipt ^cro. Ttiis Is t'f|ui%'a3ent to n^quiring that ihc sum of iW 
rolumn r'nd moments fspials rn'm: 

-,V(2,062 + l,riH + 7S9 + S95i + +8211 + 9*tiJ52 - 2,244 - |,IJ9 = 1> 

fnvfti w-bif+ Af » 2Ji0, Thii valth' b aul*stitutiil in line 4 of tb^ mnment-collertitni table 
to yisld the siJeiFway piuniEMUa for the ‘I^XXFlb load- Tlut afIdit ion of t hew niortkjnta to 
tbe totftli for nn ?idi'sway (lims 0) gi^’es the final monu'nlSi 


6 - 7 (} 


STRESSES IN tHAMED STRUt-^t^JLES 


Tliiri pTtH!L>dam oin^irtarv U'ni?- with s-tmight tii \»r miiiJyztr^l wUh tbo 

netSf^ly cjf A^^li’iikK tJnJy with one unkiaifA'ri rtgitrJWi^ of tin- fiumlier of 

tmyR. If thu frimu^ i?t tsfHV'i-nil ifEciri*^ biKh^ ihi'- proeefJure ean th? npjjliL-d to t.4fceh story. 

an arliit.miy hnriiontaJ *ie^WU^n h intmdufvtl nl rnrh flix.ir nr tuof hrvt^l, tht'n* 
nrt" as mcoty unlmowus anU ri^iiatioiu as Ihen^ jtie storieSr 

The jirorodiirr tB mon^ fliiiii'Ult |u apply to In^nt? with rurivd or |»!yj£onn! incmbery 
berwi't-n the i.K>luiims. The effi'ct of ihi' rbangt' in the horiKontat projeeTion of tbi.'' curwd 
ur p^jlygoiinl iwrtioo nf thi' lient must K‘ Enrluclc^t in the raleulnthms.^ In nuny eswt^ 
tl may be easier iv nmilyxe the bent as a rarveti henm (oTvhl tir by the eolninn aiialojct'.* 

Single-cycle Moment Distrihutiom let tb* na'thwE of moment distribiitiun by con- 
wrging approxiiimtioiis, all joints hul thi' oru' bing ynlocked are eonjnilmsl fisetl. In 
itiictrihtitinis momeuts, the HilffnLwe# anU duryniver factOFi< used att- bkied nti this as- 
fliimption. Hi>wt ver, if aetuid BtlffniesH's and eany^-ovi-r faelnrs are etiiplovid, mona^'nls 
can tie distriimteJ throughout coiilLnuous frann-^s in a siiiitle cycle. 

Formulas for aclual Htiffnt'Bse# aiml earry-uver faetor^ ran be written in several simple 
fnnns. Thi‘ oqimt ions giwii In t hn- fcrllowing test wi?rv rhosen I o pt^rmit the use of exist¬ 
ing tabli^ for fcieams of variable moment of jmirtia tlmt are btt^i on HxetJ-etid sliiThrs^ses 
ami fiHMi-tn'l Rury-over faotore.* 

Ccm^idfrable Mmpli float ion of the formulas tesolts if they are fiaA-d on the sinipSe- 
iHujn HtiiTniwi of mi-mla'm of mntinuoun framLi*. Thl* value alwa^is be obtained from 
oF ftsed-^Tsi pnirM^rtkiP by multiplying the fixed-eml stiffiit'sa by (1 — 
m wLleh bt I hr fLVtid-Hmiil ^^aJT3'^Jv^^^ factor to the left and is I he fiKed-end mutj'- 
oVer farlor lo the right. 

To di-rive the Wic niiialarLts nta*iieib apply a unit maiueikt to one imd of a member^ 
cunsidertng It Bimply suppcrteil (Hg. flS)o>. Thn? end rotation ut the support where the 
ntonnuit b applied is a, and at t he for end, the rutal inn ii &. By t he dnmniy-lofid method, 
U xi^ mcftPured frum tha & tind; 



in which !x ifl the mnmcnB of inertia at a seetion a distance of x from the 0 enth and E i? 
the m^Mluliiit of elasticity. 

Thi' simp1edH.urn stitfne®* A' of the niiumbiTis the MOimmt n-quimd Ut priafuR^a rota¬ 
tion of unity at I tie end where it \s applii-d iFig. 9961. Ht-iice, at eneh end of a mi miter, 
A' = l/o 

For prismatic K has tb' sanw^ value for bith enrb and U iniunl lo 3£7/L. 

Fur haunehtd lieams, K for earh end can be obt4iinfe'^f from tables for hss^Hl-e^Tid stilfih^sst^^ 
as menfioivid prr'vjoiisly, or by nurmTinil integration of the t-quniion for a. 

\Miilb' thi^ valiK- of o, and ronsL'Ciueiitly oF K, is different at npitositi* eiirfat of jin unsym- 
^l£^tnHJ bt-am, the voJue of it the haim* for both tifkds, in aceonlaiiR- with I lie law of 
ri!cip™ml deflections. This also is evfdunt fruin the integral fnr wlkTe L — x ran be 
aabsliiuUd for X without changing the STilue of ik' icitegnd. 

Now» if vw apply a moment J at one end of a -iniple Ikeam to product] a rotalion ttf 
unity ttt I be other enil (Fig. 90c), this mniTHml will be emuil to i/0, and will have the 
same valuo regnrdh^ss at which end it is appliid- K/J is eciual to thi* FiJted-etid tttrry- 
nvor factor. 


^ OitfM* and Mo ’ 'C^Uli Iicpiui Frank^cit H^uirEKnHj Cnlirti-a; ” Jahli Wiley A }S<Sli» Jje? NbS Vurt ‘ 
tlijRCfCl* liuoT tromtsi .ViuJyied by Mgpieakl liktiibijpwi." ParLlMa €^caf''WoralicHL' 
Cbitturti. Fit 

* ^'II&bdlKn-k ul FlaOur CkrfWttilibiK'' FoftliLRd Cpiiieiit AHMS'Mtkcih. ChLr.flai^, UL 
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J 10 cqua] to ^Elfh for itrinmatii^ tnwiiH- Fur huuntthcil benm^r it mn he eainputCTl 
by fiuiui-ncil tnf<eenitioii of the i.^iiAtion for^, 

Tlu.' ua^IubI S of the end of an unlcjadi'ti spiafi ii ib^ moment produrin^ a ftitB- 

tioii of iifiJly at the end where it w appHed when the other end of the bvnm w tiielminifd 
in^refl rotation bj other members of the ptnjesurD {Fi%. 9dei}. 



The beniynjt-moinent dingraii^ & moment Sl applied at the Mt end of a meniber 
nf n rontiiiuou 0 frame is flhnw'n In 9lM- Ap indJeateti, tbi=' moment carried over to 
thp far nid \b CrSl, wln^n" b ibe eiMT>^ivi‘r fartor to tfw' right, hi h the rptation 
pnxiunsj by Sl hIoih^ b and by alone b By definition of 

KtiiTnpaA^ the smni of tfu'M! bfikIl^ niu^t equni unity: 














lv framed aTHucnrttEi^ 


{^-78 

Solving for Sl und noting that KeJJ ^ ttr fisted'Cnd carry-owr fArtoT to the left, 
we find the fonnulft for the stiffrw.^ of the teft i^nd f»f a im^mbiT: 


Si 


Kl 

1 - Cl^Ch 


SimilArlyp the stiffnwa of the right end of a is 




I - 


For priamiitie be&niSp tfie aiffik^ fomiulij^ mlui^ to 




K 

I-Vk/2 


and 


Sr 


K 

1 - €l/2 


ti-hete /if “ 3£//L. 

When the for end of a pru^ni&l te be&tn b TuIIy fixiH\ agAinjl rolAtion^ the carry-over 
factor cquaJa H- Hcnee, lb& fixed-end ^liFne^a eciimb 4KA This iiKlicntefl that t|n’ 
effeet of partial re#traijit on priHmalie iK-am-ic b to the stiffikL^tfn hetwiHi,in K for nci 
ivfitmint and for full reMraint, Breaui^' of thb small varLatioti, in many 

an estimate of the net uni stiff ne^ of a bt-niu may lio snlEeiently acctimto^ 

The restraint R at the end of an unloockd lieani in a mntinijous ftafOi'^ b the moment 
applied at that emi to pfimIuw a unit rotalion in all the members of tb' joint, Sinrt' 
the sum of the mnnumla at the j^unt niurt be oena, M mual b: equal to the Hum uf tht* 
atiffnesHen of the adjorent ends nf the members eonnEieled to t he given buam at I hat 
joint. 

FurtkzftnoFe, the bionienl indgetd in any of tbeiH? other members la-arB the sano' 
fatio Us the applied moment aa the Btiirp(«a$ of tb' in!.mihM]r does to the reaf mint. Coie^>- 
qiientW, end taoMSfitfl art diHfihtilid ai a jmnt in jfropttrfhn to (hi ttifftimct o/ 


Aetuai tarrs'-over farton can be eoiupiiUd by modifying the fixed-end caro -«jver fae- 
tors. Id Fig, 90d and by dcfmitbu of ivstnunt, the rotalion at joinl fi la —CrSl/Rs, 
which mu^t be equal to the rotation of the beam at R duo to the momenta at L and R. 
The rotation duo to ('rSl jdone is equal to VrSl/Kh, and tht' rotation due lo St alone 
Hunm —CrSi/Rr * CrSl/K — SlU* f^lving for Cr and noting that 
Kr/J “ Cr^\ the fixrftbinrJ CTixy-over factor to the rightp wo find ths aetunS enrry-over 
factor to the right: 


Ch 


tv 

1 + Kr/Rr 


Sinularlyp the actual eatry-over factor to the left la 


Cl 


CV 


In nnalyrinx a eontiqunu^ licftm, we gem^rally know the cany'^isver fartom toward 
I he i-tiii* nf tb' first aJnl last flpanit, Htarting with iht-St? \-nlgefl, we mn caJiruInte the 
rest of tbf carTy-<»ver faetors imd ib‘ ftiffne^-s nf the memb'in, Huwe^^'r, In many 
frames^ then? are no end oomlitloirs knnwn in advanee. To analyse lht*^ie stnirtures^ wi 
miifii wwiime iKYorfil enny'-nver factors. 

This will nnt complicate tb? analysis, b'cause in nmny raw* it will be found unneceo- 
Miy^ to cotteet tlm value# nf C f^istd on aasLimiHl carry-over factors of pn^eding Apans, 
The reason is that C is not very M-nsitive to the restraint at far ends of adjacent members. 
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When carry’^iwr fmttors minuted, the afeurmey bp attaJuprai if ibe 

choice of Asmn^ valiira is re^tiirU'd t«i iw^fnlx'-j^ iubject Ui thu ft*stniLDt. 

A very good approiirtwitloii lo llu^ carry-over fsetor for prismatic beams mAy bo ol> 
tainjHl frojn tbo follniiini? formula, wliich li liasrd on the aE^mimptiim Out far onds of 
ad)aei!iil memborfl aro vubjoct to equal restrAliit; 

^ 

^ " 2[ZK - &K) 

wheTC b lb? sum of tbe K valut44 of all the nwmlM^rv at the joint toward whieli the 
carry-over faetor & acting; /C b the jumpkf-heiun jrtilfiieas of the mrinhor for which the 
carry’Ovf!!' factiM^ b being computed; and A m a factor that variiw from icro for no re- 
lilnunt to }i for full it«traint at Oie far ends of the connecting niembcri. S^lneo I varios 
within tHJch parrow linutBi,. it offetis C very little. 

To ihuetAte the swtinuition awJ calculation of cany-ovtr factora, the Fairy-oviir 
factorv and fftiffiusetes in the clocfcww direction will be computed for the frame in Fig. 
iCOo. Rektlvp f/i-p or K values^ me! given in the circlet 






^ c^<pzz 


<0221 




!aj g^iOtro 




vClrff'0.343 


jj^±6;59 

lol 




1. FiR«d-«ed nnoni«n»i 
iyf+400or A 
5. Obi ef+BOoi B 
A. Dili al-€0 Dl C 

S, Finol momenll 


-A 00 
+400 


+400 

-1-108 

■1-37 

-7 


+5le 


-400 

”I0B 

-r43 

+7 


+400 

+ IZ 
+20 


-530 


+409 


ES»^ 


-540 

+31 

-12 

+32 



(ftl 


Fio. IMI 


A start wUl be inafle bv Mtim^tjcg Vab- TiikinK i - W. w® “W*ty approsimte 
fnnnula for € with K -3 anJ lA - 3 + 2 - 5 nitti find C.i» = 0.216, »> Bhawn in 
Fir. II)0<i. Th*' stiffnet* Sjb to 3/0 — 0.218/2) = 3.37, Noting thnl 

ft*a - Sab. vf! enn now unn the esciwt. formu!* to obtAcn ibc cniry-ovcr fartor from D 
to *1: Tiij ■ 0.5/(l -+ 6/3J7) - 0.180. Continuing aroitnil the frame in tUo manner, 
n>tum to Cab Biui iwalculate it with the exert fonwile, obtaining 0.221. Thee dif¬ 
fer only elightty from the MetimaU-el value. The ehoinpi in CpA due In the m‘w vnlui- 

Ilf Ujlf |» tu'gligiblCr 
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If tt tx^nJing momt'nl nr 1,000 ft-lb wpre intrvdtided al A in AB, it urould in*Jn« a 
monitnl of l,00CK\is - 221 ft-lb nt 221 X 0.322 - 71 ft-lb C; 7l X “ 
24 ft-lb tkt D; 24 X OJSO - 4 ft-lb at A. 

To demoTmi rutt! bnw iho tnEitru^nt# m n eontinuouj* wouJcl bi> romputi^i, iIil' ond 
momt will U' d< UTraiiHJd for the b-am in Flu. im whirli idoiitical with tlu^ one 
in Fig. Jor wbich momi'nls were nbtjMm'il by conven^ing aiiproximaiioois- Helalive 
I/L, or K vrilupei, jue ^shepwii in the rireW on cneb srpan. 

^ino^ 4 is a tiiiige^ end, T^.i = 0. = I/O - Oi “ 1. i^bee tbsrr oaly one 

mciuber iniinHl to BC at £f, * ^ba, * 0^S/(l 4 - 4-j j zx 0.2^0- W ith tlii? 

vadue, we compute Sm ■ I 14. To obtain the esAry-m-vt factors for opposite di¬ 
rection. we Plan with Pro “ 0-5^ since wl^ know Dis a fi.xed end. This enablitn laa to com¬ 
pute 5(71 “ 1-33 iJv' remainder of the benm constants. 

The fixiHl-end nuimi^Eita an- given on the fir^t line of calculations in Fii^. lOOfr. We 
i(tart rbi^ dbtribulion by unluicldng A by applying a n'leaaing moment of +40D. Since 
A is unn?irtraiiicd* the full 400 is giwn to A and 4EM X 0.270 * 108 U caJirUtl o%n,-r lo 
B. If Eoveml nmEobers' bad Im-n coEiiu'eted to ABni £f, tbw moment, with i^ign changiT^J, 
w-julit km dwtributtHi lo tbi-m in proportion to their itiffn^^^. Bnt pinct^ only om* 
mcnilHT i-p conneeted at the monU't^t at HV is lOS- Ne.vt, “ 108 X 0 l2SG ^ 31 
is carried over to C Httall>\ a moment nf H-15 is carried to B. 

Tbrm, Jouit B is unlocked . The lUibalanecd imuni^nt of 400 — 480 — — SO is wunler- 
acUfl with a iiiomcnl of -J-SO, which is dirtrilmlwl to BA and fiC in pnsportLon to tlnnr 
utifftw^^ fshoiin in tiK boxt^ al tbc joint), SC, for example, ger.^ SO X l.l7/«Kt7 + 
1) = t3. The cftTrt'-ovtr tn C Is 43 X O.^SO - 12, and to B, — h. 

Similarly, the unbalanced tnument al P is coiuitcraekd and dhitribuled m PB and 
r/> in projicirtian to the rtiffcHHWcs s^bown in ihc boxes at C, then can-tiHi over tn B and 
ll Th? Onal nmnaciit^ nrv sum of thi' fixed-Lind and diplrihut(‘<i nioiiienU. 

On occasion, advantagi? can be taken of cprlain pro|MTties of Inads and j^irudun'i* lo 
Mve work in distribution by using rarrt^-over fartoTP as the ratio of end momiuits in 
hmded Bu-m^tiow. For example* s-uppesiw It b obvious^ firun aymnirtUry of lojwiing and 
Ftruediie* that there will fie no ontf rotation at an interior support. The part of the 
Rlnicture on one side of this support can !«' wdslid tuul fhi^ motiiE^ntr diRtribuled only 
in this part, witb the earry-ovi^r factor towitnl the support taken a^ 

Again, imppoai^ it b evident that the final urul motnentif at opporile ends of a spjtn 
must i!‘C|Ufll in maisiutu^le and sign. Isolate the sitmetufe on inch side of tJiL* U^am 
and ilwtriiiiite moments only In each part, vnih the earry^iver fnetor fnr this Hpnn taki-n 


Ml. 

Method for Checldjig Moment Distribution. End momentt) computid for a tsin- 
tinuoufl siructnn^ mu-^t lx- in accordanci? witb Vjotb the lawp of tx^nilibrium and the n^ 
^lui^^^lcntP of continuity. At iLarb joint, ibi-n-fon-, thi*- fiiim of tfu' Tuonx^nts must be 
ix^yal tu Eom {n>T to aJi exlenud moment applioii then?), and ihi^ emi of every nu^mlK-r 
Cfmnt-eteci there inurt rotaU^ thmiigb the same anglf?. U ia a simple hurt ter to determine 
w hit her thi- sum of ihi' njoim^nl^ 'Lft^oni^ hui further caJculatkm w needed to prove that 
tbt> monu'iits yield the ,Nani£' rolatsuin for the end uf each mi-ndwr at a ininl. Ttw follow¬ 
ing rw ibtid FHrt only will indicate that the n-t^uin nieiit^ of eonlinulty are Psatiafied but 
als>n will tend to correct auLouiatically any niLstakcs that may have btxm madu in com¬ 
puting the rml mnnunls. 

Cuiislder a joint 0 nuMk up several memha-i^ OA, OB, OC, otr. Tlitj membem aiv 
aiviutiH^l to bo loadiMi and the ralculation of end mom*uiUi to huve started With fixed-tttd 
monwnls- For any one nf ihe meiutiers^ say OA, tiu' Dud rotation at 17 for the hxjcd-otid 


condition was 


0 - 




— - - A 

JOA 
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vhiK Moa' » Ill's fotwl-tiwl roobn-nt « O, Xtjn/ v> fhi* fixcd^nd monwfit A, Koa 
in Ihc stiff n«« »t O, if tl>i? mofim'nt miuirerf at A t a prwluw a U&tl 

ratatioii at O when tb* apan in ctHMiiJeiwl rimply mpportiHi, and i* ll*f rimpIffAiwiM 
end rotatinn at O dw t« Itaala <in OA. 

For tho final and monaiiit*, ibi! itilation al O ia 


Kf>.t <foA 

Subtiactin« the fir«l equation Tor mtation ai 0 ftnm ihi? Mjeond and jnultiplying by Kp.i 
Ko.td - .VoA — .1^0./ — 

in which the li 5 t<Kl^bd can>-oaer factor ti.wani O. V.^J, has been sjawtituted far 
KokUoa. ami Moa* for .M.,o ~ it io'- An analognur expression be wniten for 
each «f the other mcmlrers at 0. fSumoiiiiB Owjue equaiions, wc obtain 

0IKO - S.Utj - - Si o^Mp" 

With this vTtlue of • we can solve for each of the final end moment at 0 and tbim de- 
tertnine the ecpiatioiiB that will check the joint for continuity* For examp e, 

lifpA = -Uoa'’ + CAi/ihA' - f»pA 

t-2*Vo + 2.W/ + 

2rko 

.^milar equations can be written for the other mentbeis at« by substitatins the proper 

Mlrr tar .4 in tlM^ rilibflcriplii. _ * 1 . „ 

ir tiiE^ mlcnlntioais bill'd on an^ tamefi «tJt m tabW fcirm. thi? ihiuji* 

tioiui pmvft to tie sruninflmgly^ (fee tablt® in the following 

For pri«aafk bc^. the terms f ’'M’ becom.^ H the ehai.Bc in the fixed-end moimvnt 

at the? far end of moiptMT at ft 

Etamplt qf Cifntmuitu Chtfk; f^uppwie we wni»t to 
Ix-am in I'lg. tOOi*. Eneh joint and the ends of the members eomierted ihite art listed 
b TnWe d and a ealunm is provided for the sumnudion of the leniy. for each 

joJl A* TOluos art- given on line !, tla‘ .nd mmiwnts 
Ihe fixedH^nd momenta .m line 3* fbi 

whun tlie rixcd-oiid moment is sulittaeted from the final no lin^V The 

each member, -m is placed on line 3 and the eonveted end moment on Ime a. The 
-Jn valUrt arc oblainB<l from the squuiunion eolumiu. by adding bM 2 to 
of tlie sum of fines 3 and -I and distributing the fcault to the members of the jomi in 
PToportinn to the A value*, The com-rted moment Sf is the sum if hues 3. 

Assume (hat a mistake was made in ramimling the end moments for htg. ItlOli Biitng 
tb.t^rslt;nTfine 2 SX nerond pU of Tabic K for the fixe^^nd moments on 

,.1^ Afi Tir«.™"nte 6»d^d«.«K«t. .. *1. -». „ l».i 

For S-4, iB obtained from lines 2 and 3 of tlw col^n for .4^ HX (0 + 4TO) 

~ ^200 which is entemd on line 4. Tlic lim- 4 entiy for Sr is nbla^ f^ CA: 
M X HMI - 4801 - -15. The sum of tiw tine 4 values at A w therefore, 200 - 15 
- +18^ rJZd in the summation «dumo. thfc^ is ‘I*-* “““w w 

value ^ line 3. ihe sign is changed and the number on to 2 (m tins 
?o ^sum ip^doB -105, which is noted in ttie summation column oo line 5. The 
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Table C. Co^^^R‘lT^f Cjiece fob Fjo. lOOA 



A 

B 

c 

D 


AH 

V 

HA 

HC 

■V 

: CB 

CD 


' DC 

V 

T K 

1 

1 


\ 

2 

; 1 

1 

2 

1 

1 3C 

2. M 

0 

D 

+S3S| 

-53S 

0 

---^1 

: +4»J 

-480 

0 

+505 


3. M' 

^400 

^400 

+400 

-4S0 

-SO 

+ 4S0 

-540 

-60 

+ 540 


4. V'M' 



+200 

+5 

+205 

-20 1 

+ 13 

-10 

+ 26 


a. — jji 




-63 

-125 

+ 33; 

+ 33 

+76 

0 


C. Ghe^k 

0 

ff| 

+53S| 

1 

O'i 

+4»» 

-4«' 5 0 

1 +S«(S j 



Check when momenta are iEiRorrecl 

2. Wti:nic.U 

0 

0 

+HTt30 

-500 

0 

+450 

-450 

0 

+530 


3 

-4G0 

—too 

+4fW 

-480 

-ao 

+480 

-540 

-60 

+IH0 


4. O'',!/' 



+200 

-15 

+ 185 

-40 

-5 

-4.5. 

+45 


B. — ai 



-53 

-52 

-ia5 

+53 

+52 

+ia^ 

0 


6. New M 

0 

0 

+ 547 

-547 

0 

+4<>3 

-403 

0 

+5S5 



Sefiond cycle 

7, Trial 3f 

0 

0 

+547 

-mt' 

0 

i +4S»3 

-«)3 

0 

+5S5 


B. Af'' 

-400 

-400 

+400 

^480 

-so 

+4S0 

-540 

-60 

+510 











+24 


0. C'M' 



+200 

+3 

+203 

^34 

+ 12 

-22 



10. —tfl 



-02 

-61 

^123 

+41 

1 +41 

+32 

0 


H. Now .tf 

0 

a 

+533 


0 

+ 487 

i -487 

0 

+501 



vbIihv for HA atid HC on lkM5 5 btf obtjiJii4*d by inulUplyinE — 1D5 hy I he ratio of thi^ 
A' vfltuF of raeh piiiniber to Iho sum of the A' ynlues fit the joint; that im, for i¥_4, -ih - 
— lf>S X H " ^53. The cooTPcted tnotntnt for the Hiitn fjf lint's a> 4, and 5, 
+400 + 200 — 53 « +547. Baines this ciLff^-rs fTom the value on linf^ 2, it mdicate^ 
that DTie or mure of the momenta oti thal iine were ineofrofTt. The other correeted 
Tnamenljg art found in the saiue way and nrr ashow n on line <J. 

A cumiMirtfwti with Fig. UX)5 that the new luonuinla, thouf^i incomaot^ ate 

rhaeer to the right answer Ihan tho?e with w^hieh we started. Even cicracr reemhji can 
be ubtained by t epeaUng the colrntalionii. However. converKe-nce can be obtained much 
more <|uipkly"by Jdarting first wilti fhiwJ ends aad joints that appear to have hieen moHt 
in error. Then, tise the correeted values obtained for thew? in rarreetlnji adjanmt 


Fw example, in the eecond cycl& shwn in Table csleulatiun^ w^re started with 
inim Dr which U a fixed end. Tidog the vnlpcs obtainecl at the end of the fir^t cycle 
to cofnpufp M\ w'e find ihi* comrctcd %alue for DT to bt‘ +5fi4, wbiph h very elinH! to 
the exact final monienu Tf^en, wc jnovc in joinl C. For 3f, we iLst^ the value oblained 
at the end of tike firal cycle. But Af for C"£i U hmt'A on iht- end moment jual eumpijtedi 
+564 — 540 — +24, niid half of thii h\ placed on Ene fl luider VD, Conuzniinf^ In this 
manner^ we obtain momcatji that cheek clwsly the final niotncnls in the fijil |iart of 

the tahk. . . , 

The procedure la ufieful also for estiinating the effect of chnnipne the adffuesa of one 

or more members. 

The checking eciuatioivi can be generalu^ to include the effect of the movement d 























































STRESSES IK THHEE-HIxKGED ARCHES 


5-S3 


of a ^pport in a dim^Lion qprnml to tin? iikitlul pomtion of a £pH:n of kiigib 

MqA * — — rnt^A 

moA - ^ + 2C/W ^ SKo j) 

For each span with a mjpport fooveoiLot, the Xt^rm K4/L can be tibtumcd from tho 
&wJ-rad monliait dup to this dcScction aloivej for OA, for cxamplp, hy multiplying 
ntomciiL by {I - C.i</Coji^)/Cl + Co^h- For preimatic this faclor 

reduces to 

In Tuhli? 7p tho solution for the bent in FtR. m bs checked for i\m conilition in whii^h 
a 4,000-]b vertical lofttl wti* plawii 5 ft from R on ^jcin BC\ The compulationa arc 
Mmilfir to tbo« in Tuhlo e, Mecpt that the terin-H -KdfL are ineiuded for the roltilmvi 
to nccunnt for indcAwwy. These Tuhnw an? oblnincd from the aidesw^ay hKed-^nd mo- 
tnenls in the Moment-wltectioii Table for Fig. OS (p- 5-74), For ^,1^ for example^ 
Kd/L * H X 3*000:Vf, irith M = 2.30, m fnund in the solution. The check indicated 
that the originaL solution w-as RuflicEsnlly ectumti^ for a s^idi>ru!e computation. If 
lini' 7 had conUtined a diffenmt set of moment^, the -ibears wouki have had to be InVisli- 
jtaUd again. A aecoftil cyde could be carried out by liistritiulLtig the unbalance to the 
ecdunma to obtain new' K4/L valoe^^ 


TABtE 7. Cosnstrmr Check for Fjo, 



A 

a 

c 

JO 


AB 

T- 

&A 

BC 

z 

VB 

Cj& 

Z 

DC 

z 

1 1 

4-tia 

o 

-3,iUU 

Q 

M 

A 

4-7,110 

01 

+00 

+iOJ^io| 

3 

-7,110 

[ ~ 12JBQB , 
f +430 
[ U 

1 

0 

0 ; 

-l3,soai 
+4 00 i 
^3.450 

+ U.™i 

i 

T 1.030 

i +a,:J00 
+2,&40 
! 0 
■ -3,08& 

2 

-4.060 

0 

-1.51313 
-1,150 
-1.3^ 

5 

0 

+3;300 
+ 1,2^ 
-J,I50 
-.3.300 

2 

-3.100 

0 

-3,030 
— l.lfflO 

0 


T. M 

-rlOS 

.... 

. +Ma>i 

j~-7,cja 

U| 

[ +4J0O0 

-4.060 

0 

-3.1SO 



STRESSES IN THREl-HIHGED ARCHES 
Analytical Determinttion cf Retetions- In Big. 101, the load P tauics inclbkaj 
aetionfl and at A and R, respertlvdy, in the armlysis of arch irtructurci}. It h 
morn tonvenkjnt to rnsotve the inclined peactiun^ intt* their horiKontAl and vcrtini.] eom-* 
poDcnia. Tip consider thi' entire areh as a free body; 



ITf -0: fix - flB^ii 

“ 0: 1 4 - Fi l - k) 

“ 0: l a “ 

F 


Km. ini 


of ibr hiiii!« caoitirtiptioti nt C, Me •‘ <>! !•<»»«». <tl«* rillJ'* 1“^ "If arth <if 
Fij. lOl boing Bonjridi'tiHl an a fiw body, +/fA “ 0. W “ V/^/h “ Pkb/h^ 
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STHE£^£S IS STRTJCTLRES 


II thp areb jfi KVmmetricftJ, a ■* b - and H = f^f,-L/2h; and if rht load P b plpn-d 
at t\ kL » L/2, and // ■ PLHh. If the load P ii oti tbi* ri[tht of airh b 

ilifeitahci; k*L frtiai tfev nRht tsupport, an amilnf to tbt‘ above rrfluJlif In iht’ c^im- 

tion H « Pk'a/h far tnw^^inractricaJi areb, and H • Pk*L/*M- for thi? -ryrninetrieal 
areb, with the maJcituiit]! value of // * FL/Ak when Jt'X. i- « L/2. Ttn jnE1n«ncv 

line * for // ifl ijikv’ioiiflly a pt might Mfie, 
fium lero for kjwlif at A aid E 
lo a maximum of Ptih/Lh fw a knd 
ar e. 

The martion eompdoentit due to>any 
numbt'i: of Soail# toay be by 

mlding Unj valui^ of Vb and H for 
each load eoneEdomd Fepftraletv. .Thi^ 
ammml and direetbti of rhe ineJiued 
react ions may he i-ihlained by the pnn- 
riplcs of fV ocinipoidlinfi, of forres^ If 
the load P hi not vvrticiil but b lEiebncd 
Flo. 102 in the plane of the archp the niaetion 

compocLent# // ajRl V are found in 
a Mimilw maniMT, due cnniiidemtion hckg fpven to tbti lever nnns rrf iho ba^f 
IW. bc^»K BWJiHirwJ to tlm kift and rijjht Miitporiis and at ri^ht ftnjtlffl to th.- liw qf 
aetjuU nf Lli^i load. 

Graphital D^tenniattion of Heactions. To Fig. 102. Ihq lim- .if action Hb in (u) muKl 
pik» llitoii«li tbo hingp €; othprwijie, thuiv hmiM bo n luiiucnt at (If tbe lo(ul P 
wore <10 tho right portion of the aj-cb. tho iim. of action of woiiid pnis ihniu^ i and 
r.> Whenever U.™ force# act on n body that i# in equilibrinm, ihn of neUon of 
tho«? three forces nuwt meet in a point. Henw. th.- line of nrtien of Sa tuiwt na» 
through the inteim^tioi, of Rb ntid P, fr, (h), by off of, and porafki to the jpven 
knul P. Thieusb cither cud of oi, druw «c parallel to the Tine of action of aa <le- 
U-rmined in fo); through the otlK,r end of uh. draw hr pamlhd to the tine of action (rf Ru 
The point of iiste™,^tion e of the line# .sf imd he {leUimiiDM the amounts of the two n^a 
tioD«, oc rcprcieCLEiiig Ejt and be repre^Qting 



P 



WTnw a larrie* of liwk (wrtittl or inclined) act* on ilu, arch, inoitr direct soluli 
eblBUKd by the uw of the emnilitfrium potygon. fn Fig. l(M, the lomfs p. \ 

ore laid .Xff ill rcButar onier iTi {*) to furm n lond line. Wiih any eonvcnieftl n 


p.*-4». 














IN T»fLEE-tf]NaEn ARCEfES 




n^tiBihiiuni |icly|^04tH mifrt hriii irnj atr dniwii in (n), one for meh -^pnent of tb& art^h. 
f3a H dmvn pamllp) lo th^e eloaiojc line ^jn of Llm eciuilibHtiin poKygon nmilAriy, OA ls 
fImih^i parallel to iLav* Oa and Ol^ di vide the loitd lltne j iii<i three parte Pjt ^ Pt^t 
^hj<'h may be coiteiduml to act at t hi" htfigi^^ A , fand B ni^pectively in d&tennm- 
ing the rrafi bne. Fmtn a, ff ii dniwn {saralJel lo a line through hin^ce A and C; and, 
flora. &+ Ra* ie litAUO pmallMl tn a lifH" through hinp'fl B and C to inEenscct Ry at O'. 
R.i^ and Rss' iit i tw* rpad iniw at .'! and P cauftt"!! hy i hi.i lofluJ Pe actiniE at tho 

hinj?t <\ and Pn are ihcn combinsyl with Rj* and Ru^ respcttivcly* m shown 

in efi)^ to obtain tbs- tme reactions P.i and Rb for the entire series of loade. Thie method 
of mlution i* ahwa valid if thi: Imtb- cowr only one eegraent ; in fhte case, however, one 
equilihriuni polygon is suBicieiit. If the Invade cover loth segraente and some or all of 
I hi' liMitk an' inrlineth it may lie destrabb to use separate poles for thL» twottt^uilihtiuni 
lielygoiui in onler to avoid pfdyp^os of undi-strable proportions. 



StrasMG Ld Roof Archea. The dead, wind, and snow pamd Inaib anr rolIlptlt(^d in a 
manni-r similar to that iiMti jti computing similar loads on ordinary tTwf trusses. The 
deaii load is onlinarily n5^unnKt to act at the upptT-cbord parud points:. With tht* reac- 
tiona known, the in ihi* various^ memlH'rF niay bi‘ di^terrninH analytimlly by the 

niethorl of thotnruit^t. For pmliiiiinary designs, the lever arnw of the estemal |oiid;9 ami 
intemal Ftivasc^ pmy be sealifd from an areunitely" 
made iargc-ifcale drawing. For more pn^rw wr^rk, 
thi^si' tt"vcr arms should bi' orunputerf anaJytiraJly. 

Tile graphi«"al solution <jf iflrej^st^a in ntol anchfc^a hr 
Ri'nerally thu most eKp 4 !dLlU>iis. thi' -rtms& diairnini 
iH-ing eompkdod in a manner rimilar Erj that lIi- 
Hcrihcd for rtMaftrusHi.*^ Figure 1Q4 jihrjws the graphs 
leal imrtliF>d oF dctiTminiug iJwh react bus. 

Loading lor MaaHmiini StFSsac£ in Bridge Arches^ 

To dctermicie (hp position of tfad' tive loail producing yia. 105 

nuisiinuin tension or eompniNfioii In any member 

of an arch tnuw, n.-aetbu locua liiU“P ur influimri." lines may be used. In Fig. IDS, with 
a load P ptaoed at any point on the left ispguu'nt of the arch, the line oif arti^ of the 
right reikction Rb must pasH through ihc OTniDr binije C. The lino id action of the left, 
n'artion P,| mie^t ihmugb the intenjection of PCD and the tine of action of tW 
load P, Tike fKFrt.Sim CfJ of the dm* Rf'D is ihe rmdiofi lofm fur Toads on the lefi seg- 
im'Ut, Birnibrly, CE is Ihe nation I^jcus for loads on the right segment. 
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STRESSES IK FRAMED STtlUCTURES 


In Fig. ID 6 ', tb£ po4£itic>n lbs loul^ for thf iruixiiiiiiiii U^xL^on iixid coinpiio-^on In 
la determined hjt follow?: With joetion ® tdcen ^ sLown, \a tho center erf itio- 
naents for A4L1. A liiio throu^ Ut from A ittken^n^ the toaetton Imiu CJO at Any 
vertica] load applied so that lEa line of aeiion through di prvduet:^ no «lr»i in Lji.?. 

Any load to the right of di cagpes compreseioit, rince, the portion of the imi® on iht' left 
of the section beiiig eoniiidered as a free body, tin; liive of action of paasH!# to the right 
J3f the i?enter of momentji, indicating counterclockwbe rotation, which mjcoiinlat^, for 
equilibrium, an equal clockwiat^ rotation for the Lptomaf str™ L*Li. Such a ifirertioti 
indicates a compressive atneoi in that member. A jumilar aanJynip, n^ing llte portion id 
the truw to Ihe right of the Hyclion, Indicjttes tenMoq for triads to the* left of dj* 



With section © taken ajt shown, the center of momcnti Ug for U/C is on the right of 
the reaction locu? CZ>p ami an analysia tumiUr to the feregoing indicates that is not a 
poinl of inffoetton for and that any vertical load on the arch causes couiprewnon in 
that member^ 

A similar analjina \m tiawl for the upper cburdn. Section © throiii^ shows Li to 
he the center of mookf^otfl and that loads to the right of d, produee tension In UiUt ewid 
loads to the left produce compteKdon. 

For the diagonaJ UiL^ (hlg. 107). section © phowi- the center of mnnutU ta he f|. 
A hue Jei InteracctP the rtaclion loeua CD at d^. T^oadfi on the righl of di produnt com- 
proasion in the diagonaU and those on the Mt, lotgnou. 



For the ilkguiml LV-9. lh^- ccnler of mounts ij at Since is on the riEht of the 
rendtioci locus CD, n. aecond point of division ore urn in the (lanel mt by sectiun ©, 
Considering the segnieni AC of the arcJi us a pimple tru*», with maciiQnfi at A aiLtl C, 
the point of intersection of I hi? ehunlji rut by setrtirjh © lii.^ ouL-dde the linl ^9 of net ion of 
the ngicUoo, ami. a^ in any iiimpk- truws, ioada on the panel points Emmi?diHtely adjtiennt 
to the seetion pmcluni atnsta's oF opposite signs In the ihagonaJ. For r^Lj, theroforo 
Ihe maximimi umcon ocema with loads at and Ug and the maTrimutn enmpn.^ 

rinn, with loads ut Ug ... Uu. 

















STRESSES IN THRES-HlNdEp ARCHES 6-S7 

For ibc ixieiulH‘T Vil^ !!«■ point iji fnlls bolnw tho euiiUv Hue nud thcriiftire domi not 
irhlirate a ^int erf diviwoD. filncie, honvvur, n ia *m tbe right of BCD there ia a jwint 
«r iliviMon in llh! pianel cut hy ■ediDn ®, mtrl the miotjinuni binidon la pmvidod with 
loade at Ct, tfs. ami t'j, JewU nn the right of the Mctinn producing the Tn^tinnim wm. 
presMoiL 



niiuitriitive Problem. For tbo ar^K of Fig. 108^ the dejid panel load m W kips, and 
the Is vp panel load 20 kips, Tho vcrticfil and horuoalol ro[DpK>Deot£! of th^ left maction 
dn^^ to Eoada at the varlotiii p^mel points are romputed and inbulnled boloir* 


Load at 

I>eiid panel load * GO ki|» 

Live panel load ^ 20 kips 

fmiiel point 

Va 

H 

Va 

H 


S2.S 

13.0 

17. a 

4.5 

(* 

4S.0 

21.3 

15.0 

9.1 


37,5 

40.0 

12.5 

13.0 

Ui 

30.1) 

2^.5 

54.5 

40.fl 

ID.O 

7.5 

13,2 

13.0 


15.0 

27.3 

5.0 1 

9.1 

f'l 

7.5 

L3,t» 

2.5 

4.5 

Foil Ttwwl. 

2L0.D 

21S.1 

70. D 

72 0 


TIh? panel pninta that shall be InndH for niii^ijiitiin rompnissiDn nnd nmmnum 
tension In each mombor an? Uibuhited bolaw. Tlii'fle were determined % tbc anAlvau 
jtivnn on tliiii and the preening pagt^ 


Web memhers 

Chords 

Menibcir 

Maximtmi 

livivJiiad 

e<jin|}irsadon 

^faximum 

live-load 

tension 

51 ember 

Maximum 

live-loud 

rompimsion 

Maxitimm 

livoluad 

tentsion 

1^, 

r.L, 

ViU 

fU* 

VoL, 

Pi 

0, i,2 

1,2,3 

a 3, 4, 5, 6, 7 ^ 
3, 4, 5^ 0, 1 

4 

3, L 3, 7 

5, G, 7 

1,2 

L 2. a 

3, 4. 5, 0,7, 
1 flf " 

L 2 
; None 

I. 2 

2.3 

3^ 4^ 5, 0, 7 
4^ 5, 0, 7 

Itoltl 

hila 

uu 

V%ih 

UilU 

V,l\ 

1, 2p 3, 4 t 5^ tt^ j 

2, 3, 4. 3i (i, 7 

3, 4, 5, It, 7 

1, 2, 3, 4, 5, 6. 7 
1. 2 

1,2.3 

1, 2,3 
how 

None 

I 

h 2 

None 

3, 4. 5, fl, 7 
It 5, li, 7 
•It 3, fl, 7 

Nniifr 
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^THESSES IN FRAMED STRUCTiTHES 


j>u}^n/ Ui^i. VVjtiRal flec^iPTi through PortioD mi left of Aectbn ^ fttK 

body. Summation monii^iita atKiul ci, ill* mu-rverlioti yf UgUi and i-oi-i. hdver timi 
of ititcttlaJ i^tnhiti about ci ^ 34-1 ft, 

Dfod Loud: £H-Ji0,0 X 39.43 - (218.1 X 42) - f-S X 34 J) - 0 

S - -26 a Idpf 

.ITazimum LiivJoad fWpfsMibu: Ut^ L\ Ut^ Ugt 

Pj - 12.S 4- 10.0 + 7.5 + 5.0 + 2.5 - 37.S 
H - 13.6 4- IS.2 + 13.6 + 0.1 + 4.5 - 50.1.1 
(-f37.5 X 30.4) - (50.0 X 42) - iS X 34.1) - 0 
S - -20.6 kips 

Mitximum Lw^oad Tenn^n; Jjotuh Ut~ 

« 17.6 + 15.0 » 32 J 
// « 4.5 +9J - 13.0 

(+32.5 X m4> - (13,6 X 42) - (S X 34.1) . 0 
S — +20.8 kips 

\[axiniuin stlnLW — —26.0 — 29.5 • —55.5 ktpei 

Miniinym stJVdts =» —26.0 + 20.8 - —5.2 kipi 

TertiW Olio- i^k^lion throuj^i pamUul tn disgonaL^ and Portion 

op left Dif tsrtfion itR free bwiy. Hunt mat ion fUiituetit'* ahnut c^, thu IntcT^^tiau qf L’»t-^a 
aiKi L 1 L 4 . IjKvit arm of intumrU atn'sn sbmit Cj =* 60.0 ft, 

D^d Load: (+2l0,0 X lOil - t2l8.1 X 42) - 60(75 + 90j + (IS X 60) - 0 

S = --40j 8 kj[w 

Afa;ninu 7 n Cnmpr&*if»i: ijoad^ (J jj 6^4^ f (,*7^ 

I 4 - 1.^ 5 + 10.& + 7,6 + 5.0 + 2.5 - 37.5 
f/ - 13.6 + 18>2 + 13.6 + O.l + 4.5 - 590 
(+37.5 X 105) - (59.0 X 42) + (S X 60) - 0 
8 - -24.3 kiiH 

AfnxiHimfi LiM4nad TeMf&ft: liOacbc tJi, Vt. 

- 17.5 + 15,0 = 32.5 
// - 4.5 + 0.1 - 13.6 

(+32.5 X 105) “ (13.6 X 42) - :K>(76 + 90) + (5 X 60) - 0 
S • +7.7 kips 

Mtt^cimum itnra9 ** —40,8 — 24.3 - “744 kip^ 

Minimum stn^ — —40.8 +7.7 m -- 42 .1 kip* 


frrRE&SES IN THREE-HINGEtt ARCHIE 


6^SCI 

IVliVvjI f/tiLo, Thifl «tn-3g mmy hi? ubtAjiH^ii from that to U^i- firtiund Uq. 

SummAlioii tEt*rtirn3 i^oznpoDiL'tit^. Thv niv^half p^EiifJ toail (diwl and live-) lit Un aiiwt 
be Uiken into ranxidi^ratinn. 

Dead Ijtoii? V 4 «rtinil f^Enpuiic!rjl af « — 2«.0 X — 22^-4 


+22-4 - - .9 » nt N « -7.6 lcip» 

Co#ipi^e«{^Boiir Uz^ 

Vertii'ail rocn|x>ik^nt of Ut^Li = ^+20.9 X " ~rlS.6 

- ISO - S ^0; N - “28j 0 kip^ 

L^lcmiRuin Life-imd Ttrusion: Tin.ids t/|, C^jj, ffj. 


WrtsftiJ compun^n^ of fW-i 


“29.5 



“25.5 


4-25.5 - N - 0; S - -h264 kipfl 

Miuctmuxn Ptres^s =* —7.6 — 28^0 » —35.6 kip# 

Minimiiin eltL^ * —7.6 -j- 2o-5 — 4-17.9 kipa 

LoTf^r Chord LiLi. Vprtitsd ftectioQ tbraugb LtLi. Portion on left of floetioo freo 
btjdy. SummAtiDd motmuts nimut Ui, Lever arm of IntumnJ ftress about t^i • 11 .S ft. 

Dwd Lnoih {+210.0 X 46) - {21S,1 X 42) - flOi 15 + 30) - (N X U S) * 0 

S * “204.2 kipa 


Maximfim LiPi4oaiICnmprr:^trioii!: Siticv w oo the right of tht* reftction loetis €D^ then? 
cm. be no livo-load in mnd iIh' miixiniyjn livo-lotnl mmpressioik oecurs with 

full load. 


& = -mA kips 


MaxiniutTi i^Uv^ ^ —204 2 — 65.1 - —272.3 kips 
Minimum Nt.n^sn » —204-2 kips 

InOutnce Lln^s for ThTt^lunged InOufiii^c linw mny he in^iif to advantuKi^' 

in obtaining tb‘ pcsfdtion of Innrip for mavimnm iwid 
minuuum and in di^i^rniining tiu? ainuunts 

of these SlTviaskv in t tin‘o-hinged nrehes. Ftir esc- 
ampkr, for the iibember LV^a *05. th*- rtreati 

too Id be coMpiLltd for unit land at eaeh panel point 
stitcwSvely and the resulting values plotted as 
onUtLAtes, due conMderation being given to sign. 

This tedlnufi prc»ei^ b not iv^iwipfunt^ hf>wevrr, fnr 
UKimlly one or ordinates eoljplo^i with a know- ^ 
ledge of the gi<onn>tric litruet Un? of the lane ftimbih 
nnfiirhmt ioformalion fur the eobstniction of the 
enmplete influcnoe line. 

In n three-hinged arch^ the total stress in any 
member is liw nigebraic sum iif the stnsfiesi raus^l by the vetlieal fnnetsand the hori- 
xontnJ thrust at Lbe suppurbr. The uiSueiict^ line for the stress in any member^ ther^fore^ 



FiOr 106 







STREBeiSS IK FRAMK1> STftUCfTUHEfi 


B-GO 

m&y Iw wMijjtnieied by sypcrinipoani!. itw iiiflutinct line for the plnwa tAuxd by the wr- 
ti«U lofld uid rc*ctipn» upun that fw tlwr sift'ftB cuuHed by th*! hortMitaJ fhnut af llit* 
fiuppcitta. T\m nKtbiMi w HlualrnkHl in Vi^ ^be Rrc;b nf thai lUaijrsjii baviuft ^hir 
mmti dLmen^na rs ibe nrth. of Fig, 106^ 

Uppfr CAor^f UiUt^ Wbb a ynit In^d placetl at Ut, H 130 ^ (4 X S3> ^ O.fMHi 
(sBfi p, &-S4>. hi Tig. 109^ mfHTventH alMint |pw .Sir - K fw ^ d - 0-&00 X a 
» 3.Z73. Slnfiq ff ifiirw# unifnimly franHa.(NJ9 Ui rci^ on the hiad caova ffom ibe wnt«fr 

































BTRBSSEB IN TKREE'HISGED ARCHES 6-01 

towHTcl cUlter HUppon, tbc bJIueciOL' Iidd for vTuies from +2.273 to m Rhown m 

Fig. nofe. 

A unit vcjrtLcaJ l>riiig a^mcied at A+ with no \m^ betw«?n the center of 

moment orui ^ ^ I X itv -?- 4 / (Fig, 109) - —1 X « ^3,75, In onier 

that thb vert i«i3 nmctlon of umljr may f.twt at ,4, a unit lofid m.uFt he pUoed nt f7a. An 
ihiji load inovra tnwani iW riKhl, the maetio& at A docreM's uniftirmly to *err>^ luid Sv 
varies Bceordin^y. The line f f 06 is the inffuenee lirn? for the strcRg- due to 

vertiiml f43m.if from C"i to the right RUpport. To the left 4if f' 1 . it haa ao rignjfieant?e, 
lance, in the equalion far above, loud producing the reaction hois not bet'Ui con- 
«iiiered. By a similar amdyma of tta? right pottbn of the orch^ - —I X = 
— 6.35, and the complete inflin'jiee lilai fur thi* vurtieal forces is couft meted as shown 
in tig. ] lOfr, 11 ff maximum ordinate Mng cUtiTtly imdcr the center nf nsiimf-nts. 

Tile stjus® due to ^ is tenrion, and that due to the vertlccil forces^ compr\^ion; hvn&.\ 
by plbtiLtig ladh infiueLLce hnea above the horizontal lefert^nce line^ the algebraic sum 
of itw atn'jWfa due to a load at any point nifty bo obtain£-d by Eoensurement between the 
// otid V injSuetice linns. Whein^ver the f/ line in abot-e the 1’' Ime^ the remltant Rtreas 
is tvtunnn, and vice vi^roa. The maxinium bvi^-loiid loMon occurs with panel loads at 
f-V Ui^ Ui, atid 1 / 7 ^ and the ainount of this t-ctirion itkay be obtained by adding the 
[lETiiiiateik of the iniijeiiCi' dsagram (the shaded art^ I at tl^esti polciti^ and multi phihg by 
ibf panel JoBiJ. The tnaxitauiii live-Toad ccimpri?«rioti i* ublalmd in a uimiliLr manner. 



Flo. tit 


Vtrtfpal [/iLj. Witb unit Irjad at 7/ » 0.i)tl2, and Ssi * Q.pOO X *?aa ^ +04i4 
IHg. Udcl, and the ioEin^nre ILtwi for S/f in a triangle with ita inaximum urdlnitte under 
r, as shown in Fig- J 19c. With a unit vertical rvaotitpn at A (Fig. II1)^ -"IX 
^ —1-75- Similarly, ihe portion nf the arch to the righl of the Bccfion, Sr* ■ 
-I XiJSo ■ —0.3S- Tln' induonee Vm^ for Sr and Sv* are plotti^l in Fig, ) I k* tii 
(he pffkne! UjUt (the pone! etit by the seetion), ihn iidtin^nn^ linit for due to vertical 
loiid? la a siiraigh I line joining the li nes k^v nnd since n lo^id at any poi at in the panel 
m diKtribuud to the arch only at the endii of the panel. 

f>'a^nol UiLf . The center of mnmentft is at •! Fig. 110<i) 53-33 ft frapi I he left erul 
of the arch, and the lever arm of ibc atrei»e#i in tbi* iWTnhi'r is 32.50 lt_ Sg - — O.QOO X 
43 SS hi 67 

ss - -■•"• ®‘- - +‘ * ks' +'■“• ks - +'*■ 

influence diagram is i^owii in Fig. llOd- 

Wbere the center of moments for a diii®oiial or v'crtical falls on Qm right of H, the 
sirpiw Hr* Hill have the aapit^ siRa oa and the Hne »bE^iil4l be plotted below rather 
(fian aiaivi^ I ho horizontal reference line. 
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STRESSES IN TWO-MTNGED ARCHES 
Euct AuItsU. Thfr arcb b ft slulicalJy imleterminjite srtnJctarp it 

ow; m£sn? unfctiuwii renicticip 45dpUition ihan cxa be dctcrmliKni by tbii ihxvt^ 
^uatiuPE' o\ equilibriiuiGL If one of tbu hnniontftJ Ttactionw of &mh an ftrch U gou- 
r»ikivi} removed, for ujcample, the n«aetion //# of the tuvh ri(i« of Fig. 112, it a 
parent that point H mil be dUiplart-d herkonlBlly la the rinbt it that m^y tie 

deslmiiateii ^b- Cu^dering a hurissoptiil force of unity applied at B iii the direetion tend¬ 



ing to resdore the oiiglcaJ form of the ftrch, Eet the horiioiitid diiplft^eniiint ao produced 
be iiif^ Then obviously X Ai#, and 


Wji - 


*iir 


Conftoquentlyp if tbe value# of in and be calculated, the ndtiitdanl reaction 

in at nfice obtiunod, and rhe .^rt?»ws j&l. any point on the arch may then be detomimiLd 
by rfatlcal conditions. 

From thi^ theoty of curved lieam# and the foiegning equation^ the espny^ion for the 
boiiHinial dXspliict'mcni (which is, of coLmie, aeitialiy aero) of om- of {b4* reaction pointN 
may be wTilten tfaus- 

« * , ij, Mm di Nn di ^ Nm dt 


where 31 ^ momL'Til at any section Ut ui ftl^ng the arch duo to the appJled loads 
N" m nortaal thnud an any seetiop (?, j/) duni to the ii|iplii.d load# 
m » mumvn? nt any «»c[jon (x, y) dust! to a pair of tieni^uiEal unit fqrcva acting 
inward at A atui H with ihi othi^r hsiwbi acting 
n « normal Lhrent uu any ia*clion (r, jf) dw? to the unit bodisotiial fom^ at A 
and If with no nthiT h'mA.h acting 
/ ^ moment of moirt ia of uny section alojig the areh 
A * area of any section along the arch 
p » ladJus of curvature of the arch aJiis at any section 

B ^ swiduliis of riaaticily in terudon atnl dtmpri^on of t he nmlcrlnl of the arch 
From Mfi. 132 , M is apfiiminl that tn « y, ji » cos a, aliij cbt ■ dr per a, KurllH-r^ 
it may \fc itfsumrt'd that N « If ftfc wnw in a well-ik-sigtiwi arch the liiK^ of (hruiJi 

















BTRI^E £3 IN TWUKMlNilliP ARCHES 




rloaely the urrh txxWr iSuk»Ttituting ihirsv^ vtkliu.’n, 

1^ MjtjU r J^drsPCi. 

"h El " 1/4 AM L AE^ J 


If the rmUujf of curvatufe is upprojumAti^iy imiforin, nm b UMml]y Ihe nu? 

writo ff « p eo# ix — p coa Oil («<: Fig. 112)^ from whirb the brackctcnj quantity of thi! 
AbuVI- iKtuAtioii ouiy Km! -jiiupliliLd b3 follows^ 

r dxBOC^r dM 

AM ~h AEp ” h AB ~L AE'^ 

d* stt ta iMi _ 

Ja AE ”/4 ,lg 

fjct be iIm- moment at any a-ttiim (^, ^3 dim the appfied loads with the rt'dim- 
dant reaetion removed. Thi^'n Af — if' ^ and the oqoAllon for // b 

jf ^ Ja El _ 

r i/^dt f/jf o ous ft| 


In thin i-tpnwion, th.' wcimd tertu ih the denomlfuitor n-ph’^flenls tlic> efTeet of the 
rib shortening dur to the nsciiiJ Ihrtjnl thmLighout ihe aroh, and vKeept in vvey fiai arrliK^ 
It uiay be peg^eotod. If tlh;^ oommon AR^umptioni [§ made that Uie Etectiuniii area varies 
aa sqeatit thin cquattoia becomes 

M'yd4 


Ja El 


^ COtf A 


vrhviv S thi? k'Pgth uf th** arrh a-tis mid the liootinTial laiea at the eruwn, 

ir the arch tiuK m divided iatu a tnimbor of smadl fimte dividOEis of length AS, an 
expression for // oltHK-'ly approxiiiiiitinK thi- aliuve e^iualioii b 

//■ _ 

^ g* ^ S COB ai 


and since ihp denofiilnalor of this expression h a euoitaiit regurdli-Hi of the loadiiig, 
hnallv. 

^ Xrsf AS 


/y 


El 


The analyHin of two-bioged lirrbeii b* mmt ewily elTeirttd by the ua^- of liillueoeii ilia- 
uraniif for I be vanuos unknown furouac. The Brsii siep b t hertfure tlu‘ eonslrut;tiun of 
I he ioJlitcnei- dlagnmi fur tliL^ horl^ootid rriucEion If, If a vi rtical Idea] of unity b ap- 
pifdl at point if, it follunrs fn^m Ala.twi-lls prioripk- uf n^riprnraJ deA'tMioiut that rlui 
hnriEuiilal iLfk-etiun of A or if due to thb fuailiiig tn nuiUi^iieaJty equal to the verliraJ 
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tlL'flLii'ticiTi q dw to a pair id mut huriiaoutal lomk at A onii H. CcnutqibcnEly, if a 
rurw of lUifiiL'Ctiott^ for all |>jaftti mi tht areh dinL' to a pair of imil horizontal 

at 4 and B hvi roiuLrtprtiid, it will niso i>c, to a simie, thi:^ H ioflLiiinco IIdlv aincr it 

reprtwnte tht‘ vttriatiun of tlin qiuuitity — r~r~ ^ viatieal toad moving 

MToas tfH? alnictur^- To uhtain tbo EniL^ U iJiOui.''tLci' diajp^am, It ia tiL^^ntiury only to 
toitoH: ibu iwalH by dividitig tfcu? ordiimtotii to tMa Jiaifrajm by ihv ^^ 0 lulanL If. Tbi> rv- 
^Itinjc diai^m ia tbnfi wally fl papli of tin? iM^uatioii for /f ^ when U tlie moment at 
tbe tleiiired wction due to a toad of unity, and with the rtMiundant lencition removed »o 
tliat the iifnh aeta m a simple timm. 

Now from the prindple of olofltle wtiKhtj:,* it folEnwH that the delft'etion eurvo fuT a 
simple beam may be obtidtnrd by coiifitrLictiii^ ibi' henElin(j[-niumejit dia^m for tht; 
heamn if it is coppered aa Loaded with the M/EI diaf^iTL for the applied loads. Hince 
m ^ the eiirv^ture for unit horizontal loadif at A and H eqlUvlid^ 






El eofl A 

Tbeit^fone, if a Rctitiomi landing that b tHpial at any point to 


lx? corutideieiil 


El cos o 

applied In Lbi? Bjeh, the moment dioiMion for tbb comlitinn will the dijwiiid H tm 
Ruenre dSai^joJii wlmn the 0Tdlniitt*s have been dividiNi by the rnrifitani K. Thi" pro- 
redme b a^ fotlowi: 

t. The dtukeEUfion^ of tfii? areh iHiug a^s?uiiied^ llie rib b diviiied into a ituiiilier of 
•iinuill aeftmi'otH of hf?tigtli Taually, 12 or lo iie«nienl* will be sutfbient. 
if 

2. The quantity —-b computed for each segment and coLtsidered applied as n 

pff ecus a 

Vertical load thrnu^b the center of eadh aefpnent. 

3. The bendlmt-momrnt tbajcrain b TOnstrueted for thb eoniJition of loadiiiic. Tbb 
may be donn either graphically or atiatydinilly, 

5 eqs aiy 


dr The ordiiiatea of this diagram an? divkkd by K 




=)■ 


and 


Ei A,E 

with I be it^ultfng values far ordinals another curve k ranatrurted wbicli will be the 
true fl iufliience diagram. It will bt^ nuttHl tbal tiup ^sjcond icrm in the expres^ou fur 
K, wiiieh reprnwnljs the rib^ihorteinniE effect^ k mmully Ba Hmall that jt. may safely 
be neglocttd. 


* In ■ iini|4t txwen. thn curViiurE 


Si 


fnpm by niWamiuii, tl|« dcArrlMiq m pahlt 


■I! ill- 




It kft alM ckuMiniCniinl in tTMluiAi gn ol ItiaterbW ihsl la* Uihl. 

rfjj/ 


■ttOka HtfiSTBiHl tli« Ixwiinc ieicni4at 


-//■ 


kt-'idEz^ 


Ell 




m 


<*l 


Tte tqi. tO ^ ^*1 ir<E (*l I* «l oaeo miwst lad It wBI b# kce. th*t 

lOe load npfvi tnuMi IhsH V> Ui* t dlaimn vlul t|w ^fcfvaiiart dliamm 

.k» u. Hwi. l( lt.c ( . M/llli di^H, b 

tMMin Mm * kp^ J<ir tJkb,fillkljana the trun de^oriian curve fUr Um 


Ehwh fkic tn tibr artnal 
InlnHlMcetL 


t --- ■-■ ^“T|--- 'trv*' tfeflorlkiii curve ftlr Uui 

tn UhR riiiTE^InB ^lualkaift, ppapn- limtb of inbwnUnn mmi at nTuna h* 
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5. With tlip // dijixtmm iltliMniiiii'd, the tuth iHFrum^ in statlcaLly 

l^l:!tl-^tmlnktJ^^, and ihc varioiH atresMti may be delennined by the eonditionn -rtalic 
cquilihriuTTi. 

If ihe piruclur*? h subjected Iq vjiHiilifJns m tempomture, it will be nwn^ismry 

^3 

to consider the effect of this on the stresst-iffr HecaTUng that // --- ^ it i.s elc*r 

that Ebf hnrlKontnl ihmst produajd >vill be ;/( — where k m thi' eot^fficiefit 

of expansion of the inaterid of thf jweh and ( the esii mated plus or minus ^'ariation of 
the h»mperatijre from that ai which the afrJi Ifi erucU*d. 

-Similarly a hcirixonLal yiidding Xu of an abLilnu^iit Will prtHjlin^ a horixontilJ mart ion 

Appreiimattt Solution for Ribbed Aiohea. The finrabolie ctiri'e hi hy far thi* muid 
cornrooii fortn for iwo-hin^L'tl arch rilw, ^nct^ this form upiiully fullowa the line of thrust 
for di'ail JuarJ Vary olotitly. Other curvert w'hieh may Im t^mplcpyed i^euEtrally ik-part fmm 
tho ^larabulie m slif^itly thitt they may jtafoJy lie analysed as mrh. [f this and tiu' 
furtbiir a>!Humptioup notc^l liebw^ an! made, a Minp^ilied iulutiun tnay bi^ diweloped which 
will be suffieHiUly accural e for ihc luajurity of two-hinpeil arch ribs. 

It ig cujtoimiry to inerenfie the rib seetiyn gradually from the crown to ibi’ hin^, 
and in this analysig it it a^umed that the moment of inertia / varies joi mcc^?: ire,^ 
f ** /e sec Of wJu^re is The momn^nt of iiH^rtht of the rro-wn iw^etion. Compojwn 
shown thatK even if this i? only minthly approxiniftte, the effect on tb’ final vaJueti will 
smalh FurtlMT* it may be ‘^howm that the effort qf dh (shortening i# uisuaJly virry 
gnmllp Ro that far prartirsi purpensea it may h' ass-umt'd iieKtiitiblt!- Tlien for a pam- 

5jP2 

hfllic arch ribp thcan oaguniptionif bting made, H ^ tit* — -h dr) w^Lere P ia a 

Ofl 

eotietntrated Itakd dhitaiice ki from A. Fhitliii^ thU I'quation for P rquain unity ami 
for values of k between zero anil I ipveR the infliience diagram for //. 

U pc:mainp to rortEtruet th^? influonK' diaiy^raio-H for thi? varjutiH internal sfrufsiyi iind 
nionu-ntF, Since llie trufc^ nmnH'nl at any st^Uofi .If = Xr — 1/^, it hi clear lhal thi‘ 
monrent jnflmmw diagram for any ^•ctioii may be constmeLed by eonitiniitg iluit for 
M‘ fthe Rimple KH?jun mnuuinl] with an // inniii.<itce diagram of which thi^ onboatog luive 
Ikvo multiphed by ^ for the wi-etioii conskfereil. It is, howeviTn incoiivi'oh'nt to eoni- 
putr the i|iiEkiiEiLy Ily fun.-neh m-etlon, and thi; may hv fiimpUh^'d by writing the 

jf jf' 

oxprej^on ™ —• — //- To qbtjii]] Use momeot iiiffuenec dLagrjLm for anv sccttuii 

y y 

in Fig. Jl®, thi! // inilucnee dingramk which ig ahown in (d), ig eombioi.'Ki with that 
for a*? In (c), aiwl the ordinates to the shaded area miEltiplicd by an^ tlain eImj 

true inBui;lkn>ilJie Values. 

U'ith n.di*n«ni!e to Fig. J14, Ilia uoit at the eKtmdDfi m% “ "j” “t" ~~f~ ^ where jV 

|g the eumpununt uf Ebc tbrugl perpendicular to the wet ton eonsklered and A b the area 
of ttw HCerlou. If r is the ratllm of ^>Tation of the Eoction about thp ntutraJ axw for 

bendingp ™ 4 “ -V (— 4 f} -f r l.e^ the gttroa i^quals ^ 

III / 1 i 

diiiea the moiiseut ,V 4 This liisl term mpn^enLi the momFnt of tliC thnevt 

about the eEtratluaaJ ^'keriLel |Hiint'^ of ihe MxztlOll, whlch^ m SeeU from Fig. 114., lies 
a diFtjuii.-e Ih4ow lla^ ncuttat nxia for 1^-nding. -Similarly the introdowil kernel 

fi \f 

point is " alw'o the oeytml If in Ihe i^uatbu — = — -- il, ibe u term id 

Cf v y 


/flW or 
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pJarrd by thi? nrtlinAtf^ uf ike proper Icemel point, mi mfliieiiwf dia^^m for tbi! tnotm^nt 
about thflt | 30 iiit inay bp coutstruertd c^etlr m Abovo. An nrdinato to tbin 
mukiplk^ l>y c^/ J will ppvr lim ostratlo«aj fibor Ftrew al iko swliim coiuiidH^rpd dm- to & 
unit vcrtit^ Wd at the ordmatu fm-a^uroii. Thp 
coiiMtnict ioa i& Ulufttrati^d m Fii;- 113d. 

The infttjf^nrt! dt&Kraai for mcUd ihnitt at any 
section may cfudly be coiMrtruetinJ. If the load ia 
plaei-d &T ibc tigbt of a fUTlioo, N « ^4 rma 
— pin cT^ and if jupt to the left. A' * //^ eo^w 
-h Vm iin. o- lliil " 111 — 
and Ha * He- Subaliluling Ibiiso valuL-^ in ibc 

above c?f[iintioiis,- m H ^ {I — If) tan a (unit 

cds a 

jV* 

load to righl of peiMion) and-— // -h A tan a 

rofs * 

(iinil load ID left pf From iheso ii'Ib- 

tionw, Lhu influtiice JiaRnim k constructed m in (s) 
when? the shadeti wa ivprteents the deeinjd 
diftSmm. 

Tlfce Khtar infliji'nw? dimrraiu^^ ibout^ not of »o 

important, may hv sdmiiariy conslruettxl. If tla* miit load is plawd just to tin? 
ripishi of the section pun?qdjen.Hl, the shear J * T4 o -b H a; if just lo tht? lelt^ 
J ■ Ftf cm a — //Fiii a. Suliiftltuting the unit load valuE!^ flf I'A and Ye in the 

above oijujbtionifp na befoiv, ^“ (I k) col a + // (.unit load to right of eection} 
blu a 



fluij — - Jt cot O - H {unit load to left of apctlon^ The construction i& shown 
sin a 

in {f). 



From the fundamerUnJ condition of statics that thi? siunniatbis of nvnnenfs aboul 
any point must eqmd ®eit?, it is obviutw ihut the line ^f action of thii rca^^lionp Ra wnd 
Hr <Fig. 1151 mupt loteovcl on the IlnE of action »f tk' n'pultnnt of tk* arpImkI loads, 
Thi? cun'e kw-ribi?d by tlbc i ntewetidu of ib^se linies with the lane of ucaon of a i^rti- 
eal EimuI of unity as the latter ibovi-p aeross tln^ wruecure is known 10 * thi.^ r^iOH iw4s, 
il afTorde a convenient mi^Lhixl fur studyinfE thK' art km of a jqngtiH i^acenlrmU'd mov¬ 
ing load. Fnmi Fig. 115, it k apponmt that Ha - Ra ™ ^ nnd Y^ ^ Ra sph ^ Tht n 
^ ^ uHkl, where yr is thi- untitiate of the iotiirpcTliini point. Tmnapoping 
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8A 

SiH-b 


and iiubictitutuii; ihc vutuc of H, iTr 


Vjiki il - 


P(l - Witf 

ILpf 


whicli 19 tlit^ iK^tialiOD for ihv react iim Icku-i Tur a paiimljolk rib. 

The prapeftiL^ of the nenclion iMnj» ipav FurtlHir 1m? etnptaVLKj ae fotlowp; Let U t» 
required t« dettiriuine thf portioTt'^ of tb.^ arch to be iinifottrtly linded to ptroduce tcuuci- 
mum ]KHtivv or nEgalive nuiin4,^iit m any point q. If ibt* liiwa Aql | and %/s arc drawn, 
nny iuod |o the left of It or to the rEght of priMJut^ nepi^tive niotnrtit ai q, anrl any 
loEuI b^ti/i'eun /| aiui po^tivi} moment. A tmiform load dIctHbiited WLiria?n the 
poinlM noted pr^uooi) mjiximnuv ptwitive or nrifntivc motnenl teupcrtivoly^ The yatue 
of // for u fi:!ad liiFt nbutiHl fnd wt*eii Jtff and may be obLaiocd fmm din equnt bn 

“ It t* - 3t» + ej duo - ^ /**[* - 2e + ej ttt - 

8ft A|I 8ft At 

where! ID ia the uedform load per unii leii^h. 

Approximate SolutioD for Spamirel-hfaced Arches. For a epoiidrol-braced areh. 


if 




w'hcre tlie alnsM in nny nkondwr dtie to the applied load with the redundant rear- 
tinn renwjvodp u the atrcM in any uu'mia^r du^p to a pair of unit horkonTnl fnroea anting 
Inward nt a and n* (Fig. MW, and A the ^vtiunal area of tlu* memhi^F cc^nRidereil. 

tn order tci er^rtKtniet an inflm?nre diagram for //, tt w*uiitd Im-: nereimr>' to make sum- 
mat suiir* of the rhum^^rator of the bregiiing efiuatinn for each symim^IncAl patra^l point. 
In an arch td many paiails, auch aummalioiUF btajoine vnry tedioui?. The graphical 
mirthtirij tlr^fihr:^! bdow will expedite the work. 


1. i\^uiue tlitil the rtiartion d 1» free to move horizniiLnliy and I hat the reaotlon o' 
b hicinj- Apply a hurizirjnlul force of unity at acting toward a', and determine by 
iiii'uiL" of a diaprani the strezoit* ilk all the mnmhera of ihe areh truaii dtn? to tliis 

foree, jWumie that du' Nfotional ureaj? of all the TtieinberA are equal. Th^n the rrhitlve 
elmigatlon.9 and jdinrlenings ilue to unit IiiwJ applieti at a arc ut. 

£. With the valuta of a/ ae ilotorniliicd aLiove, a sE^brenient dkigrum for the areli 
ini.'t* may Ijc drawn flhe qiik shown i* siramk le^rFung the center vertical to be fixed 
in direction^ 

3. Jlividf the verliral deBeetjon at meh load point by the hoHzontal diapbeeineot 
of the reaction points o and o*. The rcs^Jting values are the ordiuatea to the // in* 
fllK^Pkre dwiErain^ 


1 Th* [VWf nt thm H u fujlg-n: Widt H IkfMixQlii Utl roftC ftliilr ainpLi^ nl dtw ta ihi* faree b 
ctlnawfd h>- Ap^kLliB ■■ lulLI twJ mi € uad ii to ^ t^bnjdMjIjiV ih^ bjc^UDiitMl lUspWBiiJijyt 

S 'n J 

of a iM JIh. ^ £1 ■ lUpcg Pig hariKjbtJii sfitiLjEd at a b el umt rAla* 


A ^ ^ nlbi^ hk Utir dL^idiuiefiftBkl Al C dftJ« In UHil lakd i|^gLlnl a.! ^ ty ibe dite 

pls^finnU al a dflifi bii iknit kwd JUJljJHd At C. II IJhi latter MndiLum ili eofuiEilwfd. ^ Ufl Aivill 1/ tliiii t£i 
uaLi kBd H|j|}U«d Kt r k* 







flTRESSEB IN’ ’rWO-HINGBtl AHCHfS 





- SfCc fiwtf €d} 

S(Slr dnd Be) 

• S(Aa and Ad) 


Dioeonah 


r- 

DiftplDMimefit diogrdtn 


Fia, IIJJ 




4. WRIi thp itiiupin^ t!lfl|^iii for // nanittrurtol ile^cribfKl, H b knoi^fn for all 
fKM^itluii.^ of kuiJiog and thn TOrfciiH alreissL's nmy be coiii|HJtt-d by riRlifieiTy nst-th^ulp. 

5r "^Vith ;ij»pro3tinuil4? Bfclioiial areas rdiitS%'o <.*loTkj5iiiionK unil 

hfifttni on Iff + A may tnh c’oiiijmi'esJ and a serond iiupibicrtiirftt Eittri diaiErnii] 

for fl rrinstrurtiti. raiially u ihird approjanialiofl wiJJ give ifiiain^-nliy acriimti^ riHnaJts. 

CamfileLo infliioncu dingnims for ftU o^nmlaire of an mncti tru^ ujv fihown la Fii. 110. 
Tho tnethod af eonftrniellisg iJn'm b a?« fullownt 

Uppef^kfird For iW cliurd hC, the rviitcr Ejf mom^iintiR al c HJid .If* - 

■U' — //^ii where M* i» tb? momi-nt duo in thi^ vertical loftdf. Since the inHueneo din- 
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STllESaES IN FRAMER STRCCnritfiS 


gmm fcir dmaiy lii^UTDiiijod, it ^implilkw the ooiulnictkjti to wrilu tkb^ 

i-qujiticin m\ ^f t ■ yi^ For unit load hI^vi^ thi^ ronli'r tif monv^nu?, — - 

(I - a}a 


m 




v wb>ru f ifl like ppftn ftinl a the diKtanrt' froni the center nf mumnnijs lo I'h'- kifl 


rcATtiDn- Tlii'* vuli^ h cdtiily ohtAinrd for csich nhnni irtt mfHT itmi tbi- inflys ntv dttii^niiii 
for tbfi wriiojtl \tx^ iMinitruf^ti-d, Ttn^ tkre iihtair^Hl Uy tnkiiii? The BfKvhruie 

^umnifttioii rj| the DPJia&tcf^ of the t^ooiplete di^igrnin (thtti: portion betwivn the 
Wne^ ^nd tlic // lioeaK Thu ^umnmtiun h multiplied by the lotid nnd ami dividtMi tiy 
the Jt'ver ana. 

/-tarsr-cliiffif Members. The ftatoe poscocluiT- li rullpwed exeept Shat In k need iruiteoii 
erf yj. 

qnJ rerTj'ccdir- The eedter of mniOtmti: h iflken at the lateraeeUoii ol 
the two ehoTchi cut by the iccttotL The difitsmee from ihb oenler of momealjn to the 


left rijucttoa ii Then Mm * — /fyi or 


e-") 


wherF V the Vcrtlral 


niiuponeiit of the left rwicLion. If V ja of unit value, a tiait ItHui ec liin-rtly mrer ilk" 
left feaetion and V$/^ beci>iiiiw #/yt, which is eanly obtained for earb nk'nilk.^r. Thi-! 
lefi reaction deerpascs uitiforady to £eno bjs the unit loiid movuk acnifi.^ thi? ^pan from 
the left to the nfiht. Thri'lefott if j/yi in pIntUil nt the It-ft rrsetiDO nml nt the 
riftht reactioti, a line joining tlk^se two bt tin? sEifiiij«.>nce dkitfaiu for tlu‘ vertical Umi* 
to the rijtbi of tbe section. SiniiliU'lyt the ml!oimei» dm^ptyn for the verlietil load to 

tbo left of ilw section ruay b« eduBteueted by plottkiif at the Hglil reaetiOEi ftud 

comiectinB this p^Hiit to the Lft jreaetiuti by a straight line. In the f^i^llon ibc^ indtienee 
diagram is u straight line. The stressek anfl uhtaJm-iJ from the eompkite dLagtam In tbi* 
fiAme maimer a* for chord members. 


STEESSIS m F 13 CED-END ARCHES 


Method of Analyaia. An areh is eonsiih^nid fixed wbm rotatloii is preventetl at ilk- 
supf>f>rtp. both an arch is Ftatiii^lly indeterminate;; thert^ are six rt'aclloo components 
and only three equations inv availal>le litiiu eunditlon.^ fif eqiLilihriim]- Thrive more 
i-quutioiLj^ must he ohtoimfd frorn a knowdedge of tki defomiatinnfir 

OtMj way to determino the it^aetEomi is to consider tbii! arch eut at the ertjw n, forming 
two eanlilewre. Finett the borisfontaJ and vertical deft'ctioiia and rotalLon produci'il 
m the tmil of each half iurh by the hwhi an? computeiJ (Fijs- 11 To), Next, the ih'flfTlloEL 
coiuponimt^ and rotation at those onds aM’ detemiiiieil for unit s^rtiea] fonre, tmii hnrt- 
isnnted foree^ and unit niomi'm aijplUxl separately at the ends (Fig. 117b), 

Thc^ defnnnatinn*, miiltiplied, n^speelivcly, by V, the unknown shnar: fi, the un¬ 
known horiEonlal thrust at the ctuwn; aikl .U, the unkTHwn moment there, yiold iIh? 
defoniiJitiofis niu.4od by the unknn^wD fortf^aal ibi? ctawn. Adding thiiae ibTomiJitiotLs 
iiijigebrm4»lly to the cnrreflponding ones ptodu^yil by tiw j^v-es i\te mU movemetit 
of the free eml <Tf iw;b half arch z^ince these ends must deflect and tnlale the same 
amuant to mBintain eimtinulty, Lhow equatbiis can \m ubtaifk-d In this manner for the 
ih'termlnatiun of F, //, and .If. 

The \TUToi|s deflect iorm fflti Ire i^^iniputod hy the dummy unit-lniul methEkb ns has 
Wn Eh^tnotistratirK! for tw’u-hiniP'd arches.' 

Whi n the unknowns have bratn evmliuitetl, the normal and tfliigi iitiaJ forwrs and the 
Is^tMiing moment at any section can bt-- found by 4pplyinjc the iNituatiuns of l-quiljbnum. 


' f lut trp^ Bjlullun* hy Lhb nirtb^ hv ft, Tu40ltHM!f ku *&d tJ. |I . 


MrGraw-flill CwiHu Ijie. S'-ri Vc^rk- 

*jiiJ S. IJ. MuwMS.' C-eiitwiiMiJ Fnntrm tA Itw^nlirnd JuIh, 
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Com|i>uliAijnii of hi iiitilliur ta ihnt fur Iwy-hinstnl wfJiL'si. Htn?«Kai in idiisk'-bay 

ri|^ fnuiuv tdaa may bi^ calculati.'vi la a ^imilikr maam^r. 



-e; 


i.'. 



t'la. nr 


CYLINDRICAL SHELL STRUCTimES 

ShcU AQRlyiis. atuifiysibi of ahtt^h may involve the elution uf fliflcrvntial L‘f|iLa- 

iioivs juiii myth tc^llipua nklfiiiJatioa, Howwi-r, the worlc caa l>e! i^nipSifi^Hj and shorl- 
ciwd by the methods and tabicB preotiittsl In “Design of CyMndrittiJ ^hi?\] Roefi?/" 
Manual of Emgirtet^nriK PUh’fiee Xa, Amortcan ■‘ktciety af Cml Eopfinre™,^ 

Tbo procedure eropkiyiid m to ulart with the Ofi^ymplbii that ibe ftbell U iFtatiodly 
determinate and the luach^an? eufTitsI by tlia^el Hlre«fies only {nioml>rarw llkeory). This 
i:<oiijJit[nn cHJi he met, ln>wevt!f„ only wbrn trflUEiVf^rse sad EjbAritij? forties at the* boimda- 
rii'S are cminterod by et|ijal and oppiMfiite rtwtiPH?- WLen the tt^tiunii am 

not auppllcid, mdud shL^aring fare™ and menumta an? riKitiirrd Hi nuuntain i-quilihrituii. 
Thtj iltvimM m'atcfti by acttuil edgr and end condiliotiA tauf^t be ad[kHLl to those obtoitied 
by thir tai.^aibrano theory'- 

The rolaljve importance of the boundary conditions depemhi on the fnliii of the radius 
r of the shidl to the dtstonee btJtween loiLsd^usbiuil support^ L. Wbm r/l m li^ than 
0.:25, the luEigiludiiml pinwctes are given rairJy accumtuSy by aimpk-bwn tbinir^', tn^nting 
t W barn! ah a beam H'itb a rur^^ini eroSH si'Ction. In sJudk irf tliia*e propurUoiuc, ¥kTvm:^ 
la dekinimlioiis of ihe iransvi^m^ wupiifirtu, Hiirh as nti^eju rs uf end biaunp, fjule 
out rapidly, whenns al teases due ro Jefk^etiou of longiludmal edges an? fell thiuyghoiit 
I be sin'll ami inflyente tbo ptmss distribution in thr shell subslant iaJty. For birgiir 
valiJi>s of t/L, ifai^ lungitiidinal Hirt»«5esf ar\T luta-h lari^er than ibose ©ven by simple^ 
iH'alii tia'ory+ 

As an example uf tlw* applicatum of jqmple-b^-ani ibrnry In a cyHinlncaJ oreh, a^ume 
a S-iri.-thick roof curvmi le a radius of S ft 4 in. In be [U>»jmiN:l tn support a tmifomi 
vertical \md of in<^ Eh per nq ftp with etiluinns spaced Itl ft on eontem tnvn^-verHely and 

I Issi ■!«> of Ikkrrri KJIjctl JUaJ*.” I^mritaiw! Ccuinkl A^gcintwo. CtlirafKI. UL 
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40 fl kinfftadiiiaJly. Ba^ioUly, the bIupU wdl let jw * haam in iht hmp (UrwUon nmj sus 
&n in thii short diivctSnn, Thi* mrch, howtvt^r, b »iot iupportod at the endt but hy 
flhftunnjs forws along its eitgea. tf a l-ft-wiile strip b cul tnuwwrsely t^t cif tbt aluill, 
as in Fig. llSn, k will be lupportixl by the dgi^bmli! mm of the Flii!ttjirkjs forws ai^itig 
gn belt faetis: 

+ liA')- — S ^ 

For ^Tksmtumtrt Ln eompuling thf; slrp^eiid in the: curved element^ it is divided lAtg 12 
mu^, wh 2L46 ul long. From tiM,^ gHJinttRE* propextli:# thtjw unitSp tb« j^tinn 



mcKiuJi of ibm curved elomont acting oa a bt^oin orv found lo he 

lU (tap) « 23,860 in ^ 

I/c (bDitam) » L 2 pB 34 Lil* 

The tdSaJ load on the Hhell U- If - 12 X 100 X 21 46/12 - 2^146 lb* fmm which 
thiif majdiiiium Jongtludinal bending momont is compnied; 

M m :2,i4n X 4(F/S = 420,200 fl-]b 

and the langitudiniLl Htnsne* in th& top and bottom BboTS are 

Topj/ - 429.200 X \2m,m - 210 
Bottoms / - 429,200 X 12/12.934 - 39S t«i 

For eomputing th^ tranj:wnie U'lidini^ moment, tln' Hhi>arinjc fnrwi AS oclitiif on eaeh 
unit may be ealmkted from the MandanI formula fof nhearing nrw#K-s. S = V^O/Zf. 
where V is the total sht^ar on the Kctlan, Q h tb‘ moitimt about the ev^nter gravity, 
of the areas on L-ithor idde of the fiber for whkh the sb^ is to be i!miiputei;l, / is tbi 
moment of insrtiji of the section and I is Um thiekne^ of the section. For the nreh ele¬ 
ment: 

^ = iAV]Q/U 

VaJue* of AS cenipuUd for each dement an? -•diown in Fig. US*, E^rh of ihpm'^ forces 
arts tatigent to the eur%-e. lu^t moment uf tb? lead and t W fonres nboqt ihc ernwn 
hginvft out to be 1.270 ft-lbJ 

Surface loads Supported by a shell tm‘ transmitted by tangeiilial and rarjiid sbeam lo 
(he sUtTenens. ^bice the shell and each stiffener an? eontinuouSp the rtlkell ^aaiiiripates 

I J, IMU* p. 40, 















FOLDEP-Pl^ATE ROOF^ 
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ID the bendinx itclioD oF the stiffener. A* a rc»ylt, taUf^nLkt und nidml <Je- 

termineci frpiii I he i^hell Miudysis are chaJi|;eil. A t wo-Hl€»p priseedDn? k to fom- 

pule the Imal stnjwM? 

1. Inllially, tik? stiffeners wv assimuxl to be idfinitely rigitt. and reactbiu 

of the shell ko comptitL'd for this condition. Eniiivnpleiit surfnee kjads lire next com¬ 
piled having the mirU' effi.'et sj» the radioi and umj^ntial nbeaifa. 

2. These kad^ art* applied to the stiffener, whiPh is roFMidrnal a T beam. The flanges 
n^prcaeiit the effecl of the on the bendinif of fh*‘ cirved JLiifiuiiT- 

Aa in the ease of ancliiw, eaivfti] eonsideration should bo pvcti to sec^mdary utreases 
IncludL'd Ln these are HLrT*aa*s dne to uniforni vnliiiru; ehan^ of the rib ami shtill, rib 
ahnrtonlfig, unequal s^qtlenu'iit of footings, and differential V'olume ehange between rib 
and idlelb 

folded -PLATE ROOFS 

When a thin-sbell roof hi forn^ by joining two or mofe flat plate's along ths’ir edgw, 
the result is a folded-plate roof (Fig. L l^bh 

Approximate Method af Analysis. Just a eurvcMi thin-shel] roof can bo aitalyaifd 
as a beam with a ijurved cros^ section^ m oui a foldcd^platc roof. TmnaverBe tin mda 



Pto. t Ift 
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IN FllAMED STTtUCTirBES 
or sUCFcTi;cr« an* rn^uLM at tbe the span or at Ibturnse^iate poiabi to tate thf* 

thruat- 

Tii ¥\^. 1 tR ?hovb an u]rriiL*£iL 1 ft widp ctiE cwii of ihc foliled-iilali* roof in Fijs. 119&. 
Span* anti rise an: ths siamp jw for ihi- fiirv^tcj roof in Fig. 1 Ig. The i k-trioiit rurrkB a 
uniform wrtinil hm] of 100 Ih pi.r sq fi of «|ypmg Burfaisp. || ik Aupportf^l by tho algt- 
hrmle aum of tht* j^hearing force# jurtini^ on both faccw AS, 

^mcL- ihi- irerlirvl i»mr>eaie[il of the* mm of ihe AS fomw niioit ^'qtial the mm of ihe 
applied vcrtimJ forcDu: 

» lOO X 10 X 10/g - [M'T lb 

far lakcJi pbUv 

Thr ImnsverH* bcn<ling mometil at any smimn of ihc rlmnioit m rhe moment aljoul 
the afctiion of ibo applied IuaiI on oiw* stkJe of it, 1™ Ihe mnmi-nt. of ihu Ai^ fomn^ on tlial 
hdde. Tbi‘ montent at the crown, noting that tbe AN fomis act at iht- cenlerof thi* Bectkpn 
and go ihnaugb tbi* cnrwn, thu* proJudug tia moment^ is 

M - lVL/2 100 X 10 K H - 4.000 ft-lb 

With ihe folded plate aetfoR an a flijnplc beam On a 40-fl Fpan, tb* lon^ludiny bending 
moim-nt in i-ach |ilato is that doi‘ to thr shear 2 AS actioE nn a sintpk^ beam: 

ilf - i.mr X -ifF/s - rub 

The HTlintk nnxiluluH of the l^iii.-Uci*p tilted gpidcr I* 

i/e « bd= fi - a X 120^/U - 12,000 in.* 

Henw. tb^ unit atrciw in tbe top or Lmttnm fiber is 

f-mmx -fiOOpni * 


STRESSES IN DOMES AND CATENARIES 
Circular Di^cs. A surface b often tiPi-d for dnmt-a, frtib an intogml edge 

mcmfjfr proviilinJ nt the Ijaw to iwwl bewp lcn#jnn there, Such domes an- emllcd dr- 
rulw, biTauM* I be Biirfarr! ta fcuTticd by Evolving an w nf a eirct alnml a vertical axtr, 
TheOlf tically, Ibe abells an? aKPimiod to rjury only Uiiifcirmly dLrtributcd, ^vtmmHtnml 
loMdlng. 

In Fig. I20h, tW irntface anp-a nf ibo irtrip of the dome between jwintH .4 and it Is 
given by 

A - 2wr^f™ — ctis^al 

For a coTi*tiuil lf>Ebd fc per Jiquan* foot cjf an^, thi* total luad is 
U\ ^ ttH * Srr^letiii — Hm 

If the hfwl inrrwea ffnm anfo at puini ^ at a rate of ir' per mdum iS7J&% the totaJ kmd 
(m tbe strip Udween A and B then in 

- 2frV'|!rin -- na «j Hfcm ^ 

AtMtbrr type t?f load eooahlGrpd to act on a dome is a collar load uniformly liinft ribut 4 pd 
anmml a drefc of latUudr. Ud IF, be the t>gal liiod W Ibis scmrRc. Then, tin* lotid 
kwl ad mg un the strip bulirren A and B Im 


II - II . + IF* + IF# 

j y*r=r-ff4^ 2v IflMu ^ 40. g-nr a Iif4f«imp|atr iHH GlInhAa Wrpm. 
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Am iniliculiod In Fig. I20a, tht vutlieibI In^ fti Mity po^t «m dome u n^ieteJ by » 
mrridiotuij tbrujii 7* mnd a hmp for&i fL Along ducla af laLittidf through the 
totikJ iiKiridiiotud thniift }■ 


2rt ^ 

AcconipAii>'ing it U n buofi fcirae, 

f/ « - r + [tf + ufv^B ^ txm 

the dofflu in dbeontinued lUong a clrek ^4 ktitude through pjtnl the nixi* memlMT 
will be BUhjircted to n ring letuqnti ^luU to 

3t gfn ea 

If tbn dome it oaiitU.Hj niiovi- k drcle of biUtutlit itvrough iKtint A, the coIUlt load will 
pruiiuee a ring compn^fwian mlntig the nlge nf the npening^t 

2t dn 

At the lop of A eolid dome; 

^ImLkr approximate forniolu fot Qm of coPinidiU and ellipiknl dnpiw am given 

in a t^imphlel pubtlnbed by tbe Porilaml Ceumtil AenuriatiOD, Ckito^^ fit. 

StrefiORf In CablM. Whiin a enbk b irucp^ndetl fmm Info jannlA of uippuit^ the nml 
ntortioftzF hAvi^ A bod:;KinLAl n^ m?ll on n vmieal fomiKitK'iit. If the ^abk mmlet only 
mrlieftl IomI#, the hnnKontid t^mprpni-iit of the kikniim at tmy point In the coblr i* i^qual 
to the hodinntal cotnpotkcnt cd ih^ end rrArtimt- Tbe wtlieid ctimpdfienbr of the nne^ 
tknu can he ixjxnpyled by tokmi^ moDH?nta obcpul the Mipp^rrtJi in ihi" Huni' wwy mu fur 
branu, provided thi! eablr support are nt the wne levrl. Wtu^n ihi!- rtupfHrrU arv nut ai 
the unn.^ level, itnoUier Hiuatifirk, iletlwfl fmm a kntmledj^ id ihif ihapi? uf tbe twhk\ 
ii mqrjimd. 
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STkEBSSa IS" FkAAlEp STRiriTTURES 


GriujmJly, it U xq oAfiimn- *hal iht- ihinktu-iti ijf ik’ In eiimpftFiM;l 

with tw spun. lii ncMj, hcmrJing cuiiy br hl'kIu^IimJ, tk; iN^hdiiniiG mtirncnt At 

any point ia 1 * 1 : 101*1 ta xi*m. A? a coTisequeiidr, Thi' sthapt^ tutfimn'd by tla* ratik* ia jiimilir 
to that of tk* kmtinj^-mninrnt diagtam for u fiiniply supportCi .3 t-arrying the shaikh: 

kpAik. i^lrviswa hIlphk thei rahk BTH* dinvtwl aJoiig tk' «i*. 

At thL* IciWLiit point of a i:ah!i.\ the vertical rk-Tir eitbi«r k renj nr rtmiigi^A sign on father 
flidf of the low pobt. 

Tk? horiEontaiJ computirnt of the react kin tan bu rumptited from thfl fact that (hi! 
k'niling naoment k iero at a pcdtn on the cable at iirhteh The la known (uynjnJiy tk* 
low point). 

For cjcampli*, fuppoac a cabk tRpnnning 30 ft lielw^^n tiupporiei ai the iiatiio level k 
EA JinittiHj to 2 ft in Bupporting n (2-kip load at n third point. Taking nioim«ot^ 
about the supports, we find the Viiriinil roraponenta of the reactjoiw equal to B kipB Haul 
4 kijw, it'spectively, fretting ihi^ t^ondbg monu^nt ai ihv low point i‘qinil Jo aero, we a»n 
writo the diuaiion S X lO - ?// « 0 : from which the burtiontal coiupoiRnt M of ik* 
rL-Action k found to be -lO kips. The maximum tension in the cable then k 


r - + J 0 f» - 40,8 kipi 

WIND AKD SEISMIC STRESSES IN TALL BUILDINGS 
R«slstanc« to Lotoral Forces. Bullditiip mtisr l>t‘ cli>$ignod to iipnKt horuoiitsl foreiw 
os well os vt>ni»I k«d». In toll butldinK!i, the Intcml fareea must lx giwn iwrticulnr 
nttentiun, hocouee if tbey on! wn pmperiy proviJed for, they win cniut- collupM> of tk' 

Structure. 

HoriMnlsI foTom aro Btis-raily taken wun of with X bmwiiK, shnar walk or nind 
eonmMMions. X Lmring, luunlly for low imlustrial-typu liuildlngs, tnmFmits 

thi- fortt-n to tk Knnind by Ints ju-tion. Mirjir mJla! nri' vertical siahs capabk' of trans¬ 
mitting the forcea to the giwiiid irilhout shearing or burkling; they generally an- so tli-i-p 
in the direction of tk> kterai loads that lH;ti[liiig strcssi-H an.- Musily bandlwl. IViml rnn- 
rwetionp are a nH-ans of i-tctahibkng conltnnily k tH^s-n girdi is ami eoluinJL.. TIm' 
structiiTV bi mitraiiH-il against lati-nil deformation by tk* re«istanct! to rotation of tk- 
nM!fnk*n« at thi* cc^tmcciicaiiB. 

Tk- continuous rigy fmini-s thuii formiHj ran k- analyA-d by .‘uch mrlhnda as niouu-nt 
distobution ami dummy unit Inod. Hom-ver, such H>tutiuiis an- so UhoriouH itiat ik-v 
niv seldom atlirmiitwi for ty I huildings. Gnstndly. appiosimato im-thodii an- used. ' 
It u noteworthy that for most huilditigs even tk- ‘v xart" methods are not t*siacl. In 
the first plaeo, tk- forces HrlinR an- not static lomls, but gem-rally d>-nnmir; thev an- 
unrertain m intensity, itircction, and duruliori. Eanlmuski- font* uiwUlv nssunny as 
a perevntage of ik- weight of tk- hnlWinR above i»eh Icvii act at tk- bn«>^if the einuN 
tun- am at carh floor ievi -1 as is a««um.y in design. Also, at the k ginning of a dwign. 
thpMEi'P Iff itiL Iiihf re nial knowffc" si iHl' e^iet re«iitAner Lu bteml defunimtinn ean- 
UDt imleuhiteil. hujthi!riii(»rt, wnljf, Aud pBrtitJOiiif bf Ip tk IaUfaI 

fisrcefl in & ver>' uuci-rtain way . 

Pony Method of Anyysls. rijnn- ao ,.„rl analysis is imprasibk, mwt di-sigm-m pnv 
for a wtnd-analyws tm-tW on ti ascmaUK a-sumptiuns and requiring a minimum 
Ilf ealcciktioiu. ( tile such motboii b tho sn-catlrd “portal met hod " 

It is b^ on tk^awumpiions that points of infl,.etion (n-re ta-mling niomcut) occur 
at the mni-pomts of ^ im-mbers amt tlmt i-xtvrior columns take half as much shi^ as 
do interwr columns Tk-re assumpiiims enjil.k- all moments and sh, am ihmughout the 
buddjne franire Lci be* ouuputH by tin? Uwa of siaXiu». 

^.^drr, for esampli-, tk- mof Icv.-l (Fig. l 2 jo> of « ty] builrling. A wind Iniul of 
flOO lb UP assumed to act yong the top line of girdciu. To apply tk- portal im-lky. we 
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cut thn >>nil4lifigf nloni; n section Ehniii([h the inftoclEDti pciitiie of tht? top-Kloi^ gniiiinna 
which ure i^mmied to b& aE the cplumn Fpid^poiut^p G ft dow^Ji from Eho top of the byild- 
iiiE- VV> need now ton^ei: onEy partiuti of the E^tructure ubuve tltlii ijoctj&itu 

^^inoi* ihfi: exierifir coiunsiw tait? oftly hdf aa much shear a? do lh4^ intejrior isjlmniiip 
tliey uAch rveeJ^x"! lOO ll>^ and the tw'o interior iNjJujniM^ 200 lb. The moniL'iitA hI the 
tops of tfm Fuiumns equal thi^^ ^heur^f times I he disfiiiict^ to the infleet ion point. The 
Wall end trf the end (prder eorrira* a tnonii^iit equal in tbf^ moment in the eotuimi* (At 
the floor Icvtjl htdowp jw jmJiealud in Fig. I2tt, Ihai end of the end lonhir ctarriL^ & niu- 
munt equal to the mm of thi' column niomentji,) Siow thi> intli'rtiiiii point i^r at the mid¬ 
point uf the the moment al the itmt^r end of the girdur mu_Ht be Ihih same ap at the 

outer entt. The tnotm-til in t he sdjoining girrler ran U- found by iubiract inic this momenL 
from thc^ rolumji lUDiuetiL. lH.~cauR! the mm of the muineiita al the juiiil must be ccro. 
(At the' d[H>r level below^ as shnmi in Fig. I2lbf the moicenl in the inlerinr girider ia 
found by suhtmeting fbt* monumt in ihi' exterior girder from the ^m uf ttn« column 
momenta.) 

Girder sbeam then i*aii be eompuleiJ by cjiviiiing Eitileir monumtjr by the half span. 
\yUi't% thi*«! shears huvo lieen roundn column luatia eaii Ise cajdly romputed from the fact 
I hat the Hiim of the eertical loade must be iens, by inhlng a vDctEoti around each jtiint 
through ecjliimii ami girthir inHection painle. As a cheeky it ahiMdiJ be^ nott'd LhaE the 
eelnmn loa^Jei prtidun- a moim^nl that muHt be ikiuaI to tlu^ nionients of the wind loada 
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BIOS 

11 I 3 UW ihe spttion for whkb Ihc nolumn kiiuls wt-re iKimpytiHl. For tb* mnf (F^g. 
121 ( 1 ), for rxunple, -50 X 2^ + lOO X 4S - 6 «XJ X ft. 

Ctolileveir Methocl of AtKtthor iriudHtniilym pnKHNlur^ th&t in wimEilifiiiit 

t^mplciyrrj h thb ntndli'wr nu'thnd. Baunir lu^iimpliianR ht^rp mn- thfti inb'^Uaii pa‘mi» 
ftir at thi! toid-|>ciiiite of oJI miMnhpns siiwl that ilirvrt in thi' rolumnfl vary rh tb^ 

dittuncf^ of cHjIunmF fmm tb" wnii*r of Kmvity of ihp hont. Thr amimptioTi^ an? 
atoffirfcent to unablr HheAT^ and moror^olfl io ib fmmr to W dotL-rinim'^J from tht- 1 *wp of 

The n?^]ti( ubL^twd from ihh mi^lbod [0'nHni.Lly will bo diJTiL'rtinl froQi ihodv ubtaim.'d 
by ibc por+flJ m^tluchii- In genorob neitbir Botutlon \a eorrcfct, but tJiL^ juiAw^-rs provid-p a 
n'^ajwiiiihk ^iroatf of the reaHtani:^ to he provided defartoatioii-^ 
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Section H 

steilL design 

By CARi.TON- T. Biskop 


SHEAR ANC BEWDING MOMENT 

IndwJuefor?. Shraf mid brndin^ momrut aw tomiF u«tl in tlw? (if Imhw, 

({irders, and similar (tiuBibeis wtich bcaiJiiig. Tlwy tn do nitli tJt^fnal 

foros Mirh PS lliij ftpplii-d IpiiUh or I hi; nuttion* at thi- supports, *Sjn«. lln- piniurily 
of oxlrmal forti'* for width he&ms aw diJdjttii^ aw either hortinnfttl or vortital, II Ij. 
convenient to a-mIw other foroi* into horiionlal and vertital timiponeois; other to- 
ordinate asre may he ehoeen for spcitUI cp-umi- For simpitcity, only horiiohlal biiitiu 
with vcrtiefll loads will be eonhiiieri-d hew, but th-; -■«mo prinelples cm be mJapled to 
other casta quite tueilV- The ckMuritary eoiiKptions of forcw, shear, and IvndinK 
toornent art discussed in Scetitm 3 on “Mrs.-Lanirs of Matetials." A few of the more 
importont facts are repeated here m- a Iwsis for thi; more advanced discq^sion of niovini- 

The estenial forces aetinp on a benm arc in equilibiiuni. and any unknnwn 
cKtcmal force, such as a reaction at a support, may be oblainad hy appliin^ the I'qua- 
lions of equilSbrium to all thr- CKtcmnl forces wrtinjf on tb.- entim If a h'nm wen- 

cut bv a transverse Hectimi, it wmild fail. The tendency to fall is lesirtw! by internal 
forrr-i or atn«w« aellnjs in ihu fibers cut by the The equntioiM of cquifibrium 

may bo appliid to a portion of a bemn, providid both estemid and Internal forci s petm^ 
on IW portion an- «instden.<d. The internal focecs depend on the form of crota si-elion 
and fW strength of the material, it is convenient to tn-at the exlenittl forces on a por¬ 
tion of a lieam or sepomtely and to find the shear or the bending mimunt, it being 
realiiL-d, however, that tbiaw forwis me nut by themwlvw in niuilihrinm but aw held in 
equilibrium by t he irternal forces. 

Reactions, After tiro nuignittides and posit inns of the IomIp on n la-ani are detci^ 
ruined llH' neat step i» to find thit reaeiion, nr bnlanfing force, at nne of the supports. 
If a caiitileviir iienni is supporUvl at one eiui only, the n-iMflioiH an- ofu n rndetermmale; 
but fortimatclv sbenrs and bending Tuotrii'iitfl may hr found without using a Tenction. 
The lenetirns of a simple iiewn, i,e., one support«l nt tmlb «mls with all loads bctwiam 
the aupporta, are considered to act at ihe center* of the supports, and the elTectivi! 
length nf the beam is the dwianee Froni center In tt-itler of the supports, Tbii reartion-s 
□f an uverhanpug cimtiEcver beam, which hw loads Is-yond one nr both supports, am 
nlso eonridcitsi to act at the cintem of I be su|ipi>rts. If I be loads nw symi^tn^ m 
magnihiile and ptmitiou, rach ronetion i* equal to om^bidf the sum of the IcnuL*. If thn 
hads are urv.ivmnictrical, by taking moments atniul h pfiint in the Um. nf «tioii of tim- 
of ihi- rcaelinns, its lever artn and ihcrL'fnrv its moment beoonicss *era, amJ ihi' nther ns 
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Action niAy be foitod from a aingk- cctujttion contnining ibe momenU of all CKtcmal 
rf>rti.-#oii hoik of tbi- pt^inl of fnciiiiL^nt^. 

Shear. Tht shtur on a itffjfKni of a h€am tJ ^um vj (dl thg c^^nal fortes 

fAfif U pan fAixI IL id not a foTiH! but a of furctjft! ^'hicb Act bot At any nru" 

\Mf\nl i>L|t un one side of a Kivimi stfftitm plAiW-S it uf tA^ttor, tbi'rcfun?^ JJJX^ of IW ^car 
fot n Atn-tion taken at a pvea pnint rather than the ahear ai a giv'cn acetibn. For any 
^^rtioii, the flhcfir on op? wgim'nt of a beam w miruTtrally vt\ua\ to the iihcftr on the 
otbtT sejEment but with Opposite sipi. In iiowiiniin|f a bcam^ it soUJoTti niAtu^Tw wliothor 
A fibear Ia positive or negative; it Is important to he precise in in ordEt to 

Eihlajn l\^t' correct algebraic huir. but the Fign may then \k c[ropp«l befa]^ cqiiatiiiE iW 
fifa-Ar lo the cspri'A^ion far idwAT rt'^.letancv ■l^f the intemaJ forces. A ts^rtion ahoulit nni 
bo taken in the ILrbe of Action of an oictoj'iml foreu, but it may Im ci^n-iidcrwi inlinitely 
clow on either sklct so that th*^ force it wholly oti oop For simplicity^ only the 

Icft-lkiind Segment wllil be consldt'rt^d Lu-rc!. When a Icmid h uniformly distributed, only 
that tH>rtion td the IihuI al the left >iif tliu feel loo aluailii Ih} considered. 

Bending Moment. htmlin^ momtul at un^ painl a i* ihe al^jehrait- eum 
af ihi: minnsids of aU ihe rHermd farces on one nicfe af the point, the etnltr of marntnU 

btinff (okfn al tfiol pofnl. Tlu^ bi^ticliri£ moment Fouiiii frcmi I hi? forces on lIh^ li'ft-haiiil 
Silent ifl nucueriealiy witial Lo tliiat found from the forci'? *m thi‘ right-Wid wrenicnt 
hut with opposiitd sign, ami only the It^fi-^liand st^paicnt will coEudden^d hm, even 
LhooKb the riKht^liAtid KegmciiL moy lum' Fewer termji. When a loiul U uniformly 
cliffLrihuted, that portion of the loiid at the bft of the point uf luiuuents may be rcplaciAi 
t>y an i>C|ijjvalu[iL euncijnLrAlt>d loiuf applu^ti at the center of tlie portion rtplflced. It is 
latiially pmferable and often fcHsw'iiLin] to find the bending nmincnls for unifomily db- 
tribi|[ed Icjauls w|3amtely from the blinding momunla for any oi>nccntrated load* which 
may 1 k> cfO the j^hqi- beam, the flunj of the two giving tJii.^ ieUuJ bending omtnent. If a 
uniform Inad nKtehdit tbe full limgth of a <iimp]e beam, it Is well to find the }a.^hding 
niument by tbe shurt-CUt nielhiMl CKpUuned below^ ttiffteaEi uf by the gi'fterul tni'thtHJ. 
BiTiLliiig toumutipi am tiwd E^nataiitly in both foot-puund'i and iDch-poutiLlH or fooL-kips 
ntid inch-lcipe; to it Lt imptiraLive to indieatc tbe uiiita. ^4ince distEknoes an? uaimlly c.v- 
|jn i^rtiEl in feet, jE Ifl ntmpler to lind aJ| bending momimtfl in fotU-pounds (ll-lbj or foot- 
ki|w (ft-kip«); ihiw, when them am at^veml Uuidln^ mumb^iiM to Ijo eiUiibiEHnl, they ean 
bi'- tiddcd Iwfore they aw muhlplied by and the fact nr EWtiJ ho Ujiffcl onlv ani?e wlaMi 
th[' bending mnmt nl is Hiuated tck tlic rx^Ting otoment in design. 

Wai^^ts- of BeAm.9. Eveiy bi^am mufll Iw" wlf--ffLipf3<ifiiEkgr aiid a. properly ik^dgnctl 
beam rtkust have Riiffieleot rewrve j>trpik|rth lo provide' for its Eiwn weight afl well as the 
supcrimjmwd itjjuls. r?iiicc the weight of n beam is not tTkown until aftn'r the beam U 
di-j'igned, either a preHmiimry sli-idgji b miuie to determiEH^ the protmlilc ^ine of l»e 4 iJn 
ami A Jii'oonEl di-sign miwle including ihi^ wi4glit, or elw? an assuita-d weight m includeil 
in the huwls for which ihv licam flml d<-%Eii.d. Wiili a liltk- e jcjjeriiinee. cine iwtn 
sume Eht? weight of u Ea™™ jm? aceumtely that a reilcfligii U ielduhi neei>ictary; oiw ran 
in^ually leJl by jnnpi.^iion w^b^tfu-r nuch ndf^iipi would resiiJt in a iEi the mza of 

the beam- As a matter of faet. Lhe of a .^twl beam IS rt-UlT ivety Hmall compami 

with other loarii; hcinv, el little variatiiin dor-s not affecL the tcnal tamhng moim^nt wri- 
nmdy tml™ tlie k^am iff i-iiitH^dded in witicEr^te or Other henv^i- anrprooliiif; EnaEeritd; tlio 
weigh! of rHirh fkrepruoriiigdi^iHHnlN mi the ffireof ihe iKEuin ikwi so the comhirtod weight 
should W made to eijirw-pond to tlu' sine of the Ijejim to la^ n-wtl, 

SliEjrt-cvE: Rnte^ Dnifonn Loads. KincL^ every' Is^am is wlF-Fijp|KLrting< It muflt sujh 
pcjti its uniformly dkTf.iibuted fteisht in iuldltiun to the fluperimpiifftHl loads which omy 
bi^ ccinrtnitrati«d or uoifurmly difftnlHltiHh or IffUh. A siii^ple k-am, i.e,, one supporte^l 
at both ends with all [ihuI^ Ijetwetn tb? fU|JiH>rta, io uatsi so commoidy that it m wuir 
vcnient to use a short-eut rule for fuiding the LomiinR momecit under a full-length 
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untfflrm lontl, Tbbi nik? ic as foUowi!'; Thf lienitmg mitmmi at any point of a ninifiJ* 
Mrji unii a futl-icnglh unifarmiff diatribuiett iond U etfiuit lf> onf-half tht iwiJ mai/i- 
plitd bit Ihf pfottuiUnf tbt Tbc unil lujui L- Uiniiilly iisTni'-asi-fl in pounfU f«.'r 

foot 0t> pt>r (t), Bud the in fijct; mi th*- ntitilliiiK bcDditiR Jnutin-iil ia in fwl- 

pomiOs. At ih.' whtLf, till- bftulijjg monu-iit bi ^ Ttiu \s s^uivtilptit to f.hi' 
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Fl»J- L 


mcFre ii5u^ ijJCfiMisicin but bs Dfwn moiv ton- 

vtiiitnt SiteraMiff of ?niidlkjr rAcior?;| flirt htrmorif', it 
M jtwt tt eptcuJ HppJiCfttjoti of the mort! ruU' 

■^otic-hiiW thi' unit fciail ihi- of ik- st-n- 

whirh japplles ml fliiy point of itie bt am, 
wtu^n^ thi- v;P/^ tho tii'mling moini-nt at rhi- 

cvnliT ody, Tb^ mb may bo pro^^nl jte followH: 

In Fig. I nrt vhnwn ibt origitiiil beam, ibi* Itft-hancI 
Stt-gny^nl ttiaiforaiJy loaded, and thf sumii with tin* 
imifonn load repIsPL^ by an rquivabnl kmd tonc^n- ... 

Erated at Motor of the segnu nt. Thi- bonding mnmerit b tho atRubnyc eum of thn 
moment# of tlio reactinn and tbifl otiuivnSi^nt loadr 


\Pi ^ 

M ..^Xx-i«X- 

m- * 




Maumiun Shear ud Maxipiuia Beodiof Motneut, r^iiiee mwl Luaiuii are matli'! of 
uoiform cr«w «jetioii Hirciu«ii<iwt thiir li‘in!tlw, th«y murt \k lo reswt iho 

HhinT or iKMiitinj; momrnt tti which they are to be rubjerted, In a l«vjni, 

till* maximum »hciir and tlic mnxiiuuiu bvniiioK irwinifut ilo not occur at thu stun*! 
tioit; on t he coulrary, the nmxlnium fhear oceui* for I hi' socljali «litre ibo Ivemliiijs 
inoiaent ia aero, and the maxiimini benilihii: niomeni oeenw for the ftiftion wlwin,' the 
»hnkr ia *ero. In Rt ncral. the nwtinuim -.htflr for a nicnjilci tniftni oeeure for a Btfcimn 
itiTiniti ty close to the largi'r rettctioti, nial thi- shear is equal to ihnl reartion miao* any 
listed eonceniratod load which may be oppUed direeliy abt>tii ihi* reaction. For iinaym* 
tneLrical loads, it is uuuftllv obrioOs which reai-licm in lariicr. For n syau^in of touwo- 
tialed loads, tlse Jna-xiimim U-ndinn moment in n simple f«aro occurs in the litw of atsliuu 
erf one Of tlic cuncciitrattal loads, the one at the recUon for which the shear ts iKscUit^ 
{(ir 3 coro) when Lbi> load U mnpidiTi'd on qhp &*epnrul miii nogativt (or Kt-ro) wbun it u 
eonsddered (in the other seenent; it is usnahy apparvol that ihe ma.v mum «cur* under 
one of two load!., atid it ia often simph-r to find iwndinft moment under boU. load^ thsui 
to rouiputc the ahenrs. For a uniform load, the mnsdmum bcnthii* moim-nt m a aunpU- 
benm occurs at a aection fur wliich the shear ia wrei for symmetncal Jcinds, thus la at tlic 
center. For combined ami unifomi Umds, the xicuiimum bce^nB momciil 

b a simple licam occum either id a aeciion for which llie .hear is wsm or else in the 1 ms 
of action of one of the emscentrated loads at the wetion for which the idnar is positive 
when lliat load is eoinadcred on one seKim-nt and ni'gatiw when it ,a considered tin the 

otlicr ACKment. .... l i .v 

[a a wtn/ifcaer i«i»i supported at one end only, both the ma-sumaia shear and the 

maxiniiim hnidiiiB momeat occur for a section at the face of the «jp!iort. In a earn- 
lestr Iwam which overhanip- aim nr hotli aufiiams. the trmjdniiim iwRalive shear i. for a 
seotinn jmrf outside one of thi> reartinmi. and tim maxinmin positi™ ^liear is for a re^jium 
iuHl iiwide one of the reactions. In «n overliaagin* Iseam, tho imeomuni negative bend¬ 
ing moiwsnl occun. at one nf the sapporta, and the imudinum pcBUtivi- lamiimg moment 
nccurw as in a riinple beam, the loiul* beyond the aupia.rt la'in* taken into eomndcration 
ail well as those between. 
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life Loads. Loiuis whlDh miiv on a struetuni- temporurily or whk-Ji t£my Kh! 

4 :'hai]KE><| in pu^itiun aru Htv i^nnU nr I^kuU, tv diiMitigiikb tbcin from fiib^ 

dead (oath nl- aialit loa«U. TKi' iLvn lopda liuiV MJlnisi nf Imjiiff, tnieka, pi^iptn^ walur^ 
cfe.; the <ieml IowIfs incSudE' ilifi wl^kIil nf I bo st nirJtin’ or mt.^inbcr Hfui any other e<.3rw 
fltJtnt h>ad curh trark!?^ imd tank?. W'ln'n the \\v^ Icifliia nre plained in a certain 
pofitbn and PtnpiWHl, Uif^y Ijemnw- siatie Imth, and wbeary arwl fca-iidirkg momrntfi tnay 
tM- fouEid in manne^r, 1 njt'iniurh a? iht! l-H^niF* nr pr^iern niiwt j^uppnrt the live 

iiiiiJjs ill any pofeltion as they mow from end to end, llivv iiiu^l be dt!^iRni^l for t hi’ piti- 
linna a-hich f^iue the greatepl iFlres&L'S. The plow^iinrnt uf Lliffeh'ni typtw nf Imui i? dw- 
etnwcd b thu follibwiiiif [laragraphR. 

live-load Shear. Simpi* lieniriM. Fur any jpE^pi ^eefitai c»F a flinpk? lip-iun^ ilif muxi- 
niijm ^b^aroedum w^heii the long.rr sogiaeiit L< fultv li?acli^r.| and usually when the shorter 
segmi^iiL is tmlnadetJ; rile ffitinmHirt ^hinf in fhi* beam fnr a Auction tiiken iiiJinitely 
to the renetii.>n with the vtilitr bcntn loarlcd to make fhiit reaetltin cls LtrKb' nJ' 
piXisihle. Hum a eulideihl ml eel leiad Eln' fihenT for a given $e;eliun 

whi;n it !ifi plaw^i on t hi' leSij^er N'l^lilon l iiillnitolv chi^ tot be Peetiofi ^ t he ma^mum shikar 
In I he Iwam i'qunlH the n-nttiun w hen the kmil i? pEaa'd infLnitely eltis^* lo tbjU rvacUon^ 
so rlow that the rvaetion i,nrtimJJy eqmd? ibr- loarl Itself. ^SiiiuLurly^ two conrentrated 
tucy^Js caui?^ a nm-^imum «b'er w htin platvd nn tln^ lont^er M.‘Knwni t<j|C(.^ther iF 

po^itikv wilh the ]ar|Ei.-r lend iniinifely rlost- to the Section. Thn'e nr mon* eoiin-ntmtcd 
toads are placed in a ^^^niiIl^ nuuiner, linU^i*^ one or more of ihii erwl loads tB eoiMideniLily 
joiuJIerthAn thf! followinR load'^, forcmmple, the pilot wlib'^d of a IrNnomot'ive; In this 
eoH-v the maxiniuni Hhi^ar nmy iKvur •arht n thi- fir?tt hinvy whud b pkct»iJ ncit to the 
?4^etiijQ. even though the hmnLLrr whbMd ftillii an ibn' sihorter and lias to bi‘ 

tmeted from the rw^tion in give ik? shikar, A uniromi iivti li^j placed throughout 
the [m^ir F^-gment^ the shorter wgrneni being left unloaiiid. The sbj-nr fur any H^-gment 
i? tliUH t'fiua] to the n'iietinji, but tin- Tifaetinn diifersi fur eac^h t^c-etioh; the niAdmum 
aheiir Ib for a siMition jtMt irL-hile! tlm rE^aeiiou w'hL'Ji the Lw^am !* fully loiuli?l. 

CanliUcfjr Henmjt. The nmsimum shi^iir on a bLiuii mpiairte-d at otw imd only is for 
a aeetion taken at the face of thn Fuppnrt with the fail load on ihe regardtesp of 

fiositiun. .‘Similarly, lln' toaiimam nj‘gaiivi‘ sheitr for a ramile^er beam that ovfThangi 
one or biith mrppurt* i* Fur a ht^ctioii taken just ouUide thi' n-^uflbn vbrn ihi^ full Iliad 
M on thti nveriianKini^ pi>rtiou, wllethur or nol thi- ponUon of tile iMsnn kjtweeti sup- 
fKifts is loaded. The iiummutn positive whenr for i hw overhanginB hi>am is for u section 
ju?t inpide the teaedoEi wk-ii the jKirtiun i^xtenJiii^ bi-yond ihia ntBetjnn is fully luadidK 
with ihi^ Ictod? plami as far from tliM reartinn as putsilble; when thi* port ion bt-tw'et:n Bup- 
pi>rls iR fully loaded, with thi: loatb near ihia n^aetiuJi a.»f piMsible; and whun 

no Irwwi M oti the p(.krtiDn of t.he bf imi which may extend bryood idw nihcr feaction. 

livedoad B«ndtng Moment. .Sowjifr HrawM. i'imrrMirftifvi The □mjcijiiijni 

Ixinding inoiiient for a simple kaon ^pportiog movini; cMncf*tblmP^l londn M under 
oTu* of ihi- loadf For a FiTbgk- load^ ihb* trnix;imum Iwinling momi'ni fur a given seel ion 
nceiLm wla-n the liwil h at that H-ction, and the maximum niorneiit fnr the Iteam al 
the ft-Elter whin ibt- low I b at tlti- fl:liter. For IWn mndllif ennet nlriiloil toads, the 
immEllUlll iM'iidioB nuuiient ftir n giveEi tiectkiii ticcuiv when the birKor hmd b at tlkal 
sw-elion and thi' ?miilter one m on the Um^^r m^gment eu$ tIoh* lo the lirvE InwJ aF possible. 
The nhMsluie: PVEiix?fnurrt bendififf wePin^U/or the beam tKcur^ ur+drf lAc itirger fond xehm the 
tehter of EAp U miduyirf betueen that itmd uirrf the center o/ (p'rrrrlv nf hath loadK thf 

btadM fcpin^ fdrlr«/ m iogethrr un pOAmbfe.' 

For mon- than Two miivirig ninr^uitrated lojuk, ihi; iiia.vimunii Ea rkbiing niunumt 


III ifcjE iiRUi ii Ian tLwi I] ^ \ p| ihufr the dhtnfjrr IhIv^mi lu«d», nrtw^ e- U Lht raOi^ ^rf Uw lirtcT 
M ICHLdA, inwueiljjii i™iF» fit 14-^^ ^Itr Inr^Er ltm4 1iir™it.7^E5 

lirt e^w a (iff Uki? JMIU. w Juni ^c- wo londj ii ahqfi’ ihmn DU«-Et«ir tbe ■ w. kl in aii4llJb 

jloipSET hi EInd Ukr betidiaic muokmihi fof tniOi Msdikkiu nad cunui*#? tbnik ^iwi tc ok Ihm ratio 
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run? updpr oiii? uf thf? kmihn, but which oiur id not nlwiy» csicipjiU Tki^ii? mv mtutia far 
dclvnninliiii rritirai load, but oflen ittoPe tlinri one load sulU'ftL^H a criterion. Ruthrr 
iKutn to apply duoh a pritrrion, it ib better to plaeo tarh load which b? likely to muw.^ I lie 
CEiajcinLiuii imd then cdculalef tbi- bf-ndinif pioirwnlr! unil n^mpan- them- To Jirui lli*^ 
oiaximum k^K-ndinu momriit at a given point tb- eriticsil UmuI should kio pUinai at that 
|Kiiot. Thi- ftlifioliiU- numimtiin bt^ndlug mnrjieiit En I ho bi^ni orcur^ unik-r Ofiv of ihu^ 
coiioeniTated Soads wht Ti tb- wnrt-r of tb’ hcfim m midway helw-C'en tK&t load and kbt- 
conlcr of gravity of nil the- h™l!f on tbt^ beam. The critical hmd ip tdw'aya one of I bp twn 
kfMub adjiwont to the centtr oF ^vity, and iiauahy tlir nearL-r hiaib position of 
iht» i^'ptcr of gravity may chanf^ lb* loadB are piovifd, for Mlditional Ifawb inay c^oroc 
on onn end nod Otb-ra niovc off tb^ other end. Enough triala inu^ he imwie to make 
mm that thii bending moMont umh r one load if greatt r than under either juijaoml lofni 
when each Ib ptared fnr inaxlnium. Bailrontt bridj5i*fl nm usually dt«=igfwwi to -support 
I raitw headed by two wnivt tslional locomotiv-eB. Tb‘ tmtn Soada are eofisiden'd uni- 
formly dbtribulod, but the locomotive^ aJv usually ijikt!ii aa a BericB of fnmwntndt'd 
loadB. For apcrial njgi^ticinj! niganling ctmventional lacomoiive hiadlo^, laee ^k~ 
lion 5,^ 

Uniform The maiitnuui binding nioiuent ai any givetk point gf a aimpk 

tioj^ rn oceUTP w'heii tbo umforni loa<l ejctendw tho full length of ihe beam and the ab^lute 
inaximum oceura at eentir uink-r tbi full W. In ca« the uniform km\ can extend 
dwr only a portion of the beam, the masimum bending monient oecura al the wnler 
when tbo luod ip ceplmlly located; (he fruydmum henihne moment at any point a dl^ 
lance h froni the nt'amst support aceurs whuui the Dearast end. of the uniform load h 


^ irom that BupjKni, being the: lungiih of the oiiiform load and i the length of the 
beam. 

CifNitlaar Hmm!. Th.; imKifntim brndini! mfuiw-nt (or a. !«*il siupportid iil cmR 
eml only ikclik a: tho ikIbc of tho fjpporl when aJ3 IhjuiIh Jirc plawwJ m fju- ffom tli<’ 
!tippr>rt'as powiibk.- For besms whirh omii-lsMig out- ur both supports, thp iiiiixttiii).in 
(wsstivt* bi-tiding momiuit necyns iif otw nf th.* Hupp4>rls whi-n. thi- owrImnKiiiii i-nij h 
fully liiwts'J Jind tht" loacfs atv a« far from l hi- supports hb pu«iblo; thfl niMiniiim ptBiitive 
fwmfJinK mumi-iil itreum with tin- full IohiI liotwwn (ho supiwrls tml with no luuilif on 
tht* ovi rhatiftirLK cnfJs. llw iH'ndin^ nmm.'tit luring tin- -iLfoi- ns frr n simple bi^am. 


niustretirt! Problfm. J‘(re A/onnff IjwU To fitwl tlu^ iiuisimuni isi.niijiig uwnunt 
fur u aO-fl btaiiu ilui‘ to (wn .‘onrontrate'll live loHtlK of S.fKX) itnd li.OOO lb rKSix-etiwIy, 
Bpjietd 7 ft aiKkrt. 


l>i.u,« from hTior U ... ..Miw ..I ^ ^ . 3 „ 

“ "I*. “ CSOT X I US + .i W X 


.If tMiliT lurger lond 


, .I.HM X 8-5 = S(),<S(K) rt..|b 


^£100 6000 

35 1 ^ T -rs 

J 

Fio. 2 

Cuinbined Bendioe Momente. .Vintfifif /frunw. Concminitwl loads an) found only 
in conjuaettou with uniform lipails. for at least tho wtdgbt <jf h ixoni is uniformly slis- 

I AJh Biwor. -atnirtutsl Uohws,” P. !««. IWS, orTxscT. ‘Wrfl™- aisiidb- 0 »t*nftli»d,■* (.. Wit. 
ilKJSk. 
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tribytHl- Thv fti^YtrianTM bendini^ numicnt fc^r a «trkd of iNjiidcntmted ki&dji DCc^afi 
lit OM of tlu‘ IchuIb. For \imh, ibe bifinlb^ tnutiucbl ni the Oi'oier h tb* 

fAsav HM that unUt'i' the m^arwit lead, and s4s ihi- nnuimbiri nmihiraHj bending iiin[niL‘Jii; 
ifi al ih& ciQter; fnr ifiiflyirLibi'!tri<ml \imjch, tiK- nuuimum n>mbineij iH-nding monn^al 
may nttitur at one of the oanwntrated \md» or hetween thh^ point and the cenler^ wlkiri!- 
ever ihe^ f!oiTibLiii-d t*liear i? vi'm at rliniii^B from ptuii to mintui. For cnoviiig rimn^Eittatiid 
loadji^ thf maiiinojii l>ending moini'ot \a m bear the [> 2 iiteraiid lisually Infiie eompanxl 
with the WndinR monurnt for tbi^ unifnrttL loouij that it ja cUBtomaiy' to combine the 
maximuiu Ijending momi^nt for the eoiieeuLiated Itmh hhkI ib^ niaximiini l>eiiding 
nioiiH'ut for the uniform loinJai ewn though tbjy do not occur at the MJiie point ami 
hence muet be eompiiU'd i^c^patali^ly; thLs \r on lhi‘ ^ide of ^ely and id Udi^lly qiiiiv 
ureumte, fur the curv^i of fieodiihp^ momenta for litiiform luada id sa nearly buriEuntaJ 
between the ci-nler and the rritiraJ coficentrated loadJ 

Floor-hedm Rfiaction». Beaiiid and gitdera which aupport oLhfir lieams or ginlori^ 
ofe naturaJly ih-^igcu'd to ntrry tlw nmxluiujii luadd which ejut ennat <jn them. In 
cstdp the loBAh am JLted or imiforndy distributed, tlkin’ is nu (lues^ioD fl* lo load did- 
tri button. Whi*n nK'Ving concent raiinl loads are Uned, they mudt be placed so that 
the ntaidmum roncrpbtrationp reach the pupporting member?. Tliud the tmnsverM' 
fioor beams of a railrudd bridge Hjppri^rl thi^ longitydinal dtriiigefH, whirdi fn ttim dU(»- 
pnrt Ehe track and heiwe the live load. The maximum coneenlraliutid ibat reach a 
ftofir Irt^am through the fitringir^ of the adjacent panels occur when the center ejf gn^vity 
of Its many henvy wht'^'^i loads ae ean be placed on the two pain-la is nearly over thi^ 
floor beam- ThL? popitiaa id differtnl from that whieh cauaea either nuLTiniuin dhenr 
<ir maximum fiendlng moment on the strtngyrf.* 

Impact. The effect of moving iuiidd on u struct mo id cofunderably gtiHiter than if 
they wcTV standing still. Tliis is udindly Inken into account by increaitihg ihe li^-e 
bad by a certain |jereenl4ige called ^'impaet/" For crarwvninway bcamd and pnfer>^p 
25 (a^reent i» often specifusi; for railway bridges and most highway bridi^i'is, I hi' p«!r- 
ceiitage i? determined from fonu‘ fcirmnla that in a runction of the losulnd lengthy for 
Home highway btidgi^, the coTivefitiumd tniek Eemds or imiform loaiiif specihed include 
ait [mpnet nlloTi'ancc tui llmt no further nmO'Unt neeti be added Unlew troiby tracks arc- 
support ed. 

StadciJly Indeterminate Beams. For the caJculation of jihi^arK and bending momL'fht^ 
for mritiiiuoTi? benind and for fixerl-ended beams, see Section 3. For rigid frames, see 
Seciion 5. 

BEAMS 

The dise of beam tcciiiin-d to satinfy gi%vn coniiitlond id usually determined by b-^niiing. 
with due riiigariJ to kteml stlBnew. St<^l grillage beaind, or tH^am? which aupp^rt heavy 
I'oncfntrateil Inadf near the supports should bo tested for buckling. In Ijeams that 
PuptMirt shafting, defection is an Importiint conaderutinn, hut ordinarlty, esec^^sivo 
deflfijction is pmviibd ^lgiIiin^t by Ui^ing thi- ndnimmn depths HjH-eified in building CHTdea 
and K|M!rilifidiond. In Seetioa 3, the thL-ory^ of d-Lnsign of tjennu^ ia given for hfnding, 
for rlwar, for buckling^ for web erippling^ and for ik'fh?rtionp togesher with sufilietuni 
iliudtrative problums. Onty a few oilditional nu^'i^iioTisi for the practical di^nigner are 
gfvnn l>elow. 

Beam PruportioDar B^-aius- of different dhapee and sLu^‘< may Iw- Mdeeted w'hirh will 
mee^t gi%'i*n conditions, ami JudgiiH'nt is nt't'tkd in making tbir beffi select Ion. Thti 
det!pt‘r bf^iins resist bending and ifkfleetion betl^jr; the wider tieams are not jm> likely 
to di-fli'et lati-raily anil an*- ki*^ likely to buckk- or lie ovi^rtumidi unk'ftt juipporti**! 
Uteodiy- The wider steel beams rettiuR’^ more firtprmjifitig, however, ami iht^ addillonal 
weight may bo object ionafi-lc. Tin- heavier beaina of i certain depth often weigh morv 

Sittctkiiu S uid 5 ftH- bditdtJiS JnMmetilr lii nslMinal ^dcI 154U11J1. 

* Vof fUrtin-f ififjflfiaalJiJii. K« Uxuiur, ap. eU. . p. 172, nr Ta^n, vp. rii., p. 401. 
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thaii ihv llj^UT ^fceams of the nest deeper j^up. Thy depth of ta. bctini u oFteti deliir- 

EEiitied hy rffhLtioii to other jitirtfl nF n Atitictiuv. 

Desipt Tibles. The of ihc AKk-rican Infllittite of Conistruetion 

pvetj which lire ewnt ial for I be diwpi of Esleel beaiBn. Tim prope rties are armnsod 

aceoniing to but in adfiitjon, a tahk' erf w^rUon rnodiin irf ihr difTerciit limma aiifa 
In tbi! BtlMTtioR of tbi' niu^l cis«noJtiteii3 Tlje tnbitw uf safe load# for diffen'inl 

pdxi^ of beam# and fof difFen^nt apan# hss.\v four limitation'; which should be undeE^ood- 
Thc-y apply only to 0> bmm# which an- simply supported, i'i} biiam# which are huh 
formly luad^'d for ihe full kngiK beam# which are laieraby i^uptx^rt^.'d, ami 

hcamfl tiedgiiL'd fm a unit The ktud^ gi%vn an^ tolsJ load# for the 

entire leniEtha of the tnwos, amJ an? espif«#t#i in thousands of (kipe). 

Lal«rai Supports. TIh‘ speeified unit stresses for bending in iMiams are allowed 
oalv in ease tbi* eoniprsfidtiii flange of tlii' fx-am w jupiairletl IfltcralJy to iwevent it 
from buclding. i^ueh support may Ise fitnushed hy wowlLn flooring or ibeuthing or 
by any form of Piolid-floor conutruetion, il properly athichLuL or by tie nak, djaphragmH, 
etc. lTnh!«a some aueh Latend support is pmvided, the diowed unit slniss should be 
reduced by the use of a reduction formula pwn in the #iM*cificationB. «<uiib formulas 
are Fxpres^ in tenw of f/& orfd/ferf, irk whieh f isllie length heiwi^-n lateral supports, 
d the depib. h and t tht^ breadth and ihickm** of the compn^ion fhmgfN Beams which 
fikTi^ subject^ to a blerad thrust due to a floor arob on only one side should receive 

spceial consiLleriition. .i. - - -l 

Flange Holes nr notches should not bi^ cut when- they wdl imputr the streupb 

of u Lt-am Iinl™ tho IwMiu t» d^-nigmtl MforiUoj4ly A ntoplt? of uniform cpom 
scrtioti ejin be pmielind w oolclK'-i »1 ibo ends for ordjiwy Mnnectiniu without weak^ 
Oiling it; but if thu holw or notchpn juto near tbi- point whirr iJn- btniJiu/ aiomiint w 
irmiLmum, the luft moment of inertia mum be used in lUwiitauig the boam. 


Itlustrttite Problems. To ilwaiim n laterally 6uppi>rtiNj iinuu to tvaiat a Lrnding 
niotm'nt of (JO,000 ft-lb in adtlilion to thul due to its own wrigju, iwok a timt stress of 
1S,OOU psi. 


.V duo to 'UJ'lb weight ftmutuinil 


.40,^2 X £20/21* - 2.000 ft-ib 
12 X 62,000 » IS.OOOS 
S - 41.3 


Tlie foltnwifig beams have sfltfctfaclory ewetion moduli as indicate: 


41,7 

44.S 

SS.ft 

4S.0 


16 — 33.9.. .. ■ ■ 

12 I 40,8.. .. 

15 1 42,0. .. .. 

12Vlf 30.. . ..... 

The ehnnwa is the Ughu*! section, IrtJt it mny not l.e npproprLttlo; a 12 Wf 3(5 would 
probably be selected. 

plate girders 

Types, PInte jtirders used esrti iudvt ly iu evury form ot sU*tl mnatructlun Ikeaust^ 
nf their Rdaptabdity, They nidft tratwveT^^ bending like 
benm#, hut lhi?y ana for hi^avier kiad#, for loaBcr sjiaiL* 
or For cnjidition# for which single* rolled bt*ana# or opc'n-webbL 
inwlir an? not well julaptcd. E^di is Tuade with a web plate 
to which fhuiKr«fl are rivdited or welJ<Hl at the top and bottom 
wip-s; llie most ei^mroon forem* of cross sect ion are ^nw n m 
Fig. 3, type a being weldedn thn oibej^ being either rivtitod or 
wnlded. 

Depth. The depth of a plfttu ginrier b oftm predetenmnt'd 
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hy '^Vilbin pracdral ] flanffr ^ may be lietrigned for any depth 

of Kiftk^r; the detiwr thi‘ weh^ file li^ht^T (hi- Tb- mi«it mmomiraJ ibpth 

k fitllu <in(>-«L'Vt>Dth of the h*nglb for j^Vicirt Fpttru^ lo rmfc>f.Ketflii of ihe len^h for lonj; 
^Miu; in thti aliacneo of <i(b:r data mi avertup’ uf one-tnnih i>f tin- h rij?! h may bv chotsen. 
TbiH cuiLtinium doijth is limited To ahoul 10 ft 0 in. or I! ft by Fhlptiin^ elearanees uii- 
hiw -JiipiKd in svetioiiff wiih hiiriumtal -iplifop. Thi? ihplh of the weh plate w luiually 
a multiple of 2 in. and prefuTably n nniltipk* of Fj in. Flango angte? are usually plawn:] 
Rj thal tlk^y project hi in. lieyond x)w llii- ureb te tiavc ehippinj^ any projectioiw 

ixh the p]a.Ui ro:Hultmg from rapiil i^hearing at the miil. In nise this projeotton might leave 
a miji poekii t vxptvf^sl to the eleinimt?ij in outiJiHir ginJerB wilhoiil cover plat*si, the 
anRU'# are piact-d hu-'h with iho edge of ihe plnte on the lop aide, Thu#, in a ri%'etcd 
girder tin- depth from back to back of angles ia either )v or !4 itt- more than thr- 
rkuiniEud depth of t bi? Web phitc, 1 n a wddftl girder, however^ l>etttr nsmlta art ofitaineil 
in iir'lditiK if the flange plitt^^ vltv p!ttCl^d in eontaet with the wib plate; to trwure 
ihi^, the web plate i# orden'd soraow'hftt wider and planed to the required width. 

Web Thifknesa. The usual ihickots!! of a web plate \b from ^is to % iil, with a 
mininhum thickof 3 .‘170 of the eSi?ar dwtance between flange angles. Thi^ web plate 
niuMT ha%e ^fbeii^nt ar^■i^ to refn-rt tbi^ maximum shear. The nuiAihiuiii Kheitr mterwity 
at ihi- TLeutni] luds b Frubstantially f>quiviiki'nt to the value found by dividirtg iLli majdmun] 
ehmr by the groins nruft of eriKss wtion the web pkte. the flatign- at^ghic: and cover 
plati'S being ncglerierh thbi rthejur intensity shoidd not exceed 13,000 |Mi or other value 
^rperifiiCHl. In rivet E^l ^rdL'rs tb* web plate Hhoulil b- thiek eiiougli to furtibb ?;uihclent 
bearing for the flaiijp? anil FunEcient strength between, riwls, u# explained later. 

In weldnid ginlnrs the w'eb plate U uwjaJly mjnle thick enough to dev^dtPp tbi- fillet 
welds an both stdo^. 

Flange Anglts. Tb- aiigh s immX upeti for yilftie gjrdera aitf 6X4, 6 X G, S X 
and S X S; Hmaller atigU*# are liot Uiifed wj miirh ttp they Were before tb? larj^'F wide- 
flangmi bi.*aj3iH vrvtv avtdkhle. The iiniH:[tiai-leg|!;H.><3 angles have the sburier \fi^ apoinrt 
the Web arui the longer k*gn outstanding, lie'caus’ the ginltr IS Stronger that way., both 
vEiHicalLy and borixtmtally, ^^heT] angLiF an^ imL^I in the compn-sslnn llougi- without 
cover plate#, the thieknc^n^ iif each Jihould not b? than one-twelfth ibe length of the 
outstanding leg^ or oryhieiith if Ik's are to tVBt dirirtly upon the angli-^. 

Cover PlatESn Covrr platen an? URin] in riveted girdfr# To give additimiiil fUrength 
in rase 6X4 X 3^or6X6X94 angles ntv iii#ul1iclenL; 8 X B angles arc ^-Idoin used 
withiiut cc^vor platr^i They an* u-nuoUy 14 in. with* an thin, angles and 13 in. wide on 
3-m. angler^. Cover pLab.s should not have an ama largi?r than the fiangi- angli^ unle--^ 
6 X 6 X 34 ur larger tutgU-s an- ust'd. For c<>nvcnicnce, the plate# of each fiangc' am 
tteaU'd a# a Single plate in dt-sign, but the thlckiT platt'rt in riveted w'ork must b- anli- 
dfvided m ihat no plate csect'd# the luaKiinunL punching ihErkoi-^fis or U le#s timn H io.; 
usually the ?inalli^t number of plates cuxifumung to tb.'ac limits h ti»d^ in onJcr to save 
rb- cKtrn puiii?hinK ami handling. The plates jEhould be of the same thieknes? iinJeie 
it iw di^ioFTl to rave mntjiS t?y niaking p^rt of lb- plaU^S h* in. Ii«tt than tb' ntbbw, in 
which cawu tb- thicker plat^-}^ shtiukl b- placid rw'it to the llllgLl^•^. In wi?Li|i.ml prirdiT#. 
a single flnngi* plate wltii-OUt anjili ft i.-t u#i.ially phiei'^J in each lialige, n*^nlle^H Elf thick- 
ne^, but if nion- than one plati* is uxhI, tb- relates j-huuld liiffL'r in wuUh by 1 in., in ordi'r 
to faelbiate wi-lding. fn lor^g ginkrv Ihinner flange ptaM^ may 1»- uwd ticor the ends 
to iei\'4* nw’Ud. They are fcmlt-Welded to thi- thicker ceotrnJ ptaU-w. 

Melhadsof Design. Flate Eiriieix may he dwigjwrd by thf mLimentRyf-inen l& methiMl 
and st^nn- specifications pei-imt ibi^ use of tb' flaiigi'-arx** na*t.h4KL Unleai exhausti\ni* 
tabu's of nii^incinLi of irbi?rtui of plate giriEcr# with angle# are aviylubh'-, this cw'thijwi of 
dr'flign \» likely to b’come Ti-flkiLe^; it js often ■('[Uicki'r to use the fiaLri-gi^anta- n.wthiK.i as a 
pn-liinioiiry di'sigii and rln-n verify or nnylify the nrmM* by the iiaoini'nl-of-iEieriLa 
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m^tbuil. 8in«! a ipitli'r mmii support iusL’If in Addition lt> the «Hprrimpa»ed IoaiIh It 
ui wit to Hfinnw a wf ighr in tbr ptviimtiwy lii ingii and ihmi eorxwt it iti thi- Giul ii«i|{i] 
Th<' wHghl fif A gifdicr Utbi' woighl of thi* tnaui iMimpom'ht parts pluHahout Ifl pomht 
in rivi't<»<l W 4 irk to nlJow fur *tiff(-nLnt{ filleps, rivuihcwl^, wid nr alxnil 

7 pi'rn'ijt in weMwl wurk to nliriw for jeiiffcmiijf plate's anti splie** plates. The wi'L pEali’ 
is usually dinipn’it first so its wnBlit is rli-temiiiwJ. hut thr aii|{!«.>s «inl covor plalfs i^y 
Ilf ««iiinalitl. In the liiinl diwjin thi- m-ighi of tbc prdi'r slityulil be foimd fmm thri sia* 
it'-sultints fripin thf prvlimiimry ikfign, 

Momani-of-ineTtia Metbod. This is jui Applirahtm of Ihif gpiu-tal 

formuln f<ir flexure, A/ Aewniin* l« the aldef speeifimtinM. ihe lenskm 

Hunge of a riveted jfirdrf wm ttnudriered to be m-eakiJciLtl by the hotea for riwtM, but 
now some Bpoeificatioms allow ibe use of the full grwwsireuoii unUi*. the holw wfeefd a 
eirtain perretiiage. In any ra*, hol« to be left open fur bolts ur for other purpc*^ 
should be deducted. When riwl hules an- to be eonndejvd, the temnon flangi' la ile- 
eigncd first and then tbe eompreeiaon flanRi- is imMie itie samtt unless a larger snetton 
should be neeiL-d b.Kyiufc of a reduced unit strew in the eompression flange whrcb is 
based upon the ratio between the width of the flange to the length b<?twi'iin lateral 
-uppofts. in a rivett'd girder the rivet hok^' w. afcen the tension half only, hut for con- 
veUenre a svmnietrinil ginlir b- cmdrlen-d to have holes dishieted from iKrth halt^-s 
so as to avoid the iisi'h*« reiiiieJneiit of using the pA'cise M'oter of grovity and the 
cortvsponrling e dimanre for thu rrsuliing unsj-mmetrical wiion. rJimihwIy. the wyt> 
plate is taJ»>n as symiw-lrieai even if th.- top idge i-n H ui. iwan’r the backs of liw aiiglt^ 
than the- liottum. For a truly misyninutrical ginler sueh as tbi' ti-pe d in hig 3, it, is 
iu.-ee««ry U« find thti n-titer of iiravity of the grow section in unler to locale thi> neutral 
axis and find the eniTesponding moment of inertia. ... , . 

The nurnii'iit of iwrtia of the ontitv girder abcml the neulml axis is found by com- 
bining th.- monarils of inertia uf the different eomporK-ul parts about the same axis. 
In g. iH'nil. I ho moim-nl of Lnr.rtia of tb- net section in fmind by deduciing the moments 
of inertia of the holes from the momeni of iiKrtia of ihi- gross section. The u'oiwiit 
of inertia of the wi-b plate nmy be found direelly front the tallies lor W/IL!, The 
moments of inertia of I be otlhT romponenl parts may be found tiy tmiisfer a 
eentroiilid axis to a parallel a.<l», aitlioiigh nuitty tnbles ar^- available which will simplify 
this work. For n pven area, the moment of inertia about an axis lliruugh its e nter of 
gravitv is U.SS than about any paralh-l asi-s; the mometii of in.-rtia about any is 
fnnndVixim ihi- moment of itn^lia /, about a parallel axis through fho center of gravity 
hv adding the product of this area and the square of the dutanee VH-i««.n ihe axes, 
thus- frt = /» + ‘1^ f'’“ of 

gxaviiv tnav be foumJ from th- umhU labii^ of properties. The momenl oMnertia of 
the erm-r plates may he laken as if all Ihe plates <rf one flange w-ro combined: the 
miimeril of itwrtia of ihctx- piai« aboui their own center of gravity may bi- negl-cUd 

for it is ft-lntively smalt. ■ . i .-..i , 

The hoka for the riwls wiiifh conmft the angl.!* to the will of a nv*-t«| girder an- 
place,! rin ilie.rtanitard lines, two lines la-ing u-sed for fl-in. lugsor over, t ts as^uimi 
Ilwit these rivets will ia- Siaggtnd, and near the poml rf maximum la-nding moment 
•he riveta will usually ta- far enough apart so that only the one m^-r the back of the 
angle ma.d be considered. The atoa of this hnlo IS t^. ^Mbint^ thickness of th., web 
and the two angU^ muUipIkHi by tli.t diameter <if the hole, which » lakni as 4 m. 
laiger ilian th.- nominal «ic of th,- rivet The moment of in-rtia la the r^nduct of hi^ 
an^ and tb- suulire of the dislaiiw from its ei-nier to th.- ™.ulral axis thi- n.oiiR-nl .. 
iuertm about ith own C-nter ta-ing nL-glipble. Hiniilarly W^;n cover plates an- nvet,, 
to th.- flaiiB,- angles. IWO additional huli-s an- deducted. ITic r«mbuii-d thickiiesa of 
rbe angle and ihi- i-owr plate is used in dUerminingihe ari-a. hjuI the distamx- from ih.. 
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iTrL-ulrhl axii* to lb* «>ntpr of hok^ may Lo furuiuj by ^ubtoiriing on^lmlf of ihh thiek- 
from the If HtiffLuing iiJ]j{k«i nr ipSiec pkrc^ Are to fto riv^tod lo the 

web near tht* pi?ctSuo of imixiniuaii b-JidLn^ niuiiH>nL htAvfi fiitiould be Ijtkffi out of ihr 
web ftt nn dii$tnfiRi of 4 Iti,; ihm Eg not vcr>' importjuit riuI \» eomiderH 

too great h Rififieint'ni by maoy Elerngornu- ‘■StiffeEiiiii^ anj^r^ an? feqijirvcl if the rJear 
distance betwiwn flangp k niurv ihao 60 limm Lb? web tbirkqj^, and at pointj 

of c^mcentTatt^J Josiij- 


r45x>ao f4Sij£?oo f45j:>oa 

JZJ’i t2.S'i t2.S‘\ t2.S‘ 


Illustrative ProbleitL jlfCTneiif-<>/-i'iimift Mtihad. Rireteti Orrdtr. To design a 50-f( 

inrtie^r composHi of a 72-iiK web pbde, € X 0 unRU*^ 
14-^iju eover plftti^it, nnj J4-hi. Hviits to suppofi 
thrt^i eoucvnlnileni loack ut the ^-enter nJid the qtiqrter 
poiEiL<i of 14^,000 lb eaclq as shown in Fig. 4. The 
gpLH'iGecI unit ate m iiaeii hokm\ In order to 

PiQ j roducc ihe rmmlier of trinl Uetngixs, kt ua 

tbit the girder dn^limiHl by ibe flangiMLre^ 
iHGihod tliustmled oei p. <3-11 tind that the rr™llinK preliniiiiitn- neelion was a 
72 X H web^ 4 b X i> X and 4 cover ptatiai 14 X pn t^eli llaiigo. I’lik 

riectinn wliE tiow' be iii^’erttigated by the mnnii-nt-of-inertiu met hod. 




Rl fur concenlrBlocJ loads fFIg. 4). X 143,000 2 *= 

47 for euutent rated lo^ils. . .217,500 X 25 — l4o,(KK) x 12,5 ^ 
W eight of itssunHd niTiion pliis 10 perrent for di^taik 

(i>2+4 X28.7+2X;^0,5)I,1 = 

]i!a>dEuum shear.. .217,500 + 300 X 25 ■ 

^>b tbeknefu tt?c|iiifed for fbeaf. .217,50*) 4- 13,000 X 72 = 

Minimum web thickness,. . .(72.5 — 2 X 0) -r 170 — 

4/ due to weieht ___ .300/2 X 25* =- 

.724/2 + 2 X li * 

/7/c.... . 20,000 / ^ 37.S - 

Ni‘t 7 reqidjrixh consi«iering tension. .... = 

y of web. ... ^ ..... — 

7 of 4 /j (Fig. 5)...........,... .4(28 +8.44 X 84.47^) « 

/ of cover plntes^ Iwth flaocr^ 2X11 X 1.25(30 25 + 0.02)^ = 


217.500 ib 
3.d2o.OOO ft-Eb 

3fi0 lb per ft 

220.500 !b 
H in. 

Ia in. 

112.500 fi-lb 
37.5 in. 

12 X 3,737,500 in.dh 
iH.OiKl cn * 
UAm 
40,220 
47,580 


Total 7 of gross seedon....=: 0;} 4(5 q 

/ of hnlw hi angtts and cover plati.ei 4 X 1 X 2(37,5 — 1)^ ■ lojlkSO 

7 of boliM^ in \iu^hs. and web-- 2 X i X 1.88 X 31^ = 4[3o0 

7 of other ho3e« In web 

2 X 1 X 0.38(^5 + 24- + 20^ + Itl* + |2= + 8^ + 4 *) -p +700 


ToUl 7 of bok^ ---- ....- ......... ,, m Ib7l0 

Total 7 of net studion. . ..= 82J50 








■C9fg0 
r.xg'^/f. - 3*4?" -^ 

r — 


"llfciii ifl Tfiomewhat less limn ihe S4,0!X1 fw^uirttL By mermsing coch pnir of ravet 
plate's frooi l}4 to ibe moouint of irwrlin of tHa'&et scetlnti wotiEd Ik inen-a^-d 
by 2fl4 - 2 X DO.OCi X 37,53* = 2,030 mafe- 
ing 81,7^. The c dislatif^ would increase to 
87.5ti and the w cjgbi would also increase a ni^g- 
tigibk amount, bill I he rt^nlliiiig ni^ 7 rpr|l4in»l 
would increase only to 8l,23n wluch k Luider 
ihf §4,780 furnkbed. 

The eompreauoTi! fhiTigf? sliouhl be like Ihe 
lensLoih llaligf? imltw Uii^ griHS / found fmm A 
new unit stress is larger thai] thul of the ifecticm 
used alwve. I^a,4ll0 + 2 X 14 X O.Ofi X 37.53*. 

The oew Imit stress muat bo found from ihu 
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fomiuh for ihc compt-ia&Siiti fkni^ m tcmu of tlis width of the flntippand itus 

d 3 ?itiiiid«r ladwct^n liitenU supports, fn this cassL\ aj^umlng that thti j^iidcr U fl^lppQ^t^&d 

^ ^ 12.5 X *2 X 75.12 ^ 

laterally at eacii &Jf]oecitRtied loadr tin? W ■ 14 x 2 Od tlww not esrwd 

tli& tjJOO alluwenl (or iht JiatAucaf betw^^ii Eiit*ml Hu^rt^^ 12.3 X 12 does not exoeetl 
40 iimw thi« finnge width 14) so no Lncrtfiu# ki nwkaJ. 


Mcmem-of-inertia Method. Oinier. Tk- dc^iitn of a »‘¥lded plate ginier 

tfl reLalively fiirople when eompiK^.**! of a web plate and two fliuiKe plntesr. AfU*r tk web 
plate b- selected thich eDou^li to d^iiiTlop the flaiige welditig on both -Rides^ thy thickopaF) 
yf the flange platetf may be o^uimnl for weight and for the c dkstaneCr The recpiired 
moment of inertia may be found from the flexure formula and tk actual moment of 
iEiertia from the asHiimed eiae; then both may be revised Lmiil in adjust meut. Only 
penmaiR-nt ha[(?fl neeci be j^ntiJiiikrL-d. 

The slfvngih of n fillet iivLd per limar ioeh for the usual tmit atresa \b l3/?fl0 X 0,707 
tUm'v the size of the weld, a?^ explained on p. 6-25. To develop wvddn on both lideif the 
web iuu*«t Im twice as strong. At tlie curriMpoiiiling unit Hlmae In shear on the web, 

, 2 X 13,600 XO JW . ^ , 

this mcaJiJ tlmt the thicbneasa of the web must be 000 ^ approximately 

IH time* the siste of tk weld to be uiL-d. Usuftlly a weld h con-sidered ibo 

large^st ibat can be made with a single pass of the vleelrode. 

Uliigtradve Problein. \fomcni~^f-inertiti Xffihodr b c-fded Girdfr, To design a 50-ft 
weldisl ifirfler eompoaed of a 72dn. w eb plate and two 14-in. flange platis* to ^tsfy 
tk same conditinris as the riveted ginfer ott p. t>—10, If we select continuuini 

ttejihi UO both 5idt.=»i, the web plate should W X ^ H iii. thick; thi.^ provide 
amplv for the shear ruquiremeiilri- T*et m asfiumo flange plattss. A preliuiinary 

liftsign by ihe flaugiwtmi tot tliod iicems burdly worth while because a few extra trials 
ean be made m eaiiily. 


M for ixmcenirated loads (from precdling problem)-............. 

UV-ieht of assumed ecctiDti pEm 7 pertvnt for d.eliiib 

{122+2X77.4)1.07 

Af dm: to v^-eight.. .... . .. . ..300,/2 X 23“ 

- . . ... .72/2+ LD2 

;;.. . 20 ^ 000 /+ 37.02 

/ rcf^uirvd.__ + + -. ■ ■ ■ ... ■ . 


/ of web.... .. 

f of both flange plates.. 


. 2 X 14 X 1.62(30 +0,S1)* 


Total/...■ .^ ■ --- . -- 

This is less than tlic 83.1440 required; bo wc add H to 'Jttch plate 
/ of thkoge plates revised ..*^-...-.2 X 14 X 1 ^75(30 + O.SS) 


3,li25,000 ft-lb 
300 lb par ft 

ya,soo ftdb 

37.C2 in. 

12 X 3,7I6.8(^ 
83,1440 in.* 
15.350 
61,4tW 
77,010 

6ti,630 


The revised total 82,200 ia atill under th& 83,1140, wlueh w ill be inrreajied as the r dktaiico 
is incri-nsed but it'eecmH ohviouti tliat anotlier ff* will sulljce. The fijud ^ectirun is 
thua a 72 X 4 web and two 14 X fh^Re plates wliich weigha 3t5 or about 30 |b 
kwH tluiii the riveted girder. In addition tliere on? fewer part^ to handle, no fillpm, 
and no lmU» to puneh; to there would by a riubstandat saving. A further aiviiig in 
weight may be nmde by using a tbiiiner fliinge plate at the ends when? the bending 
moment U lei«- 


Flange-area Method, firirdef. Wkn the use of thia method of dosign k 

permitted bv the FjiecifLcalions it is semcwdint simpler than the monicnt-uf-inciitia 
mot hod ^ it titoy be ustd olfo in oonjunelioa with the latter to appmvimatc ihe toetiun 
to be ekeked by the moment-of-iuiMtUt method. .Ah in the latter, some iqvyeiflealioas 
tequiie the deduetimi ef rivet holes in ihe tenrion flange, while Maine do to only when 
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tKi'V tfXK'cd 15 pt-rti-nl of ibe arra- For eompit^UwiWH clLdurtinn w pnv 

Rontnl h^rv but tht mi^lhml ran bi? adapu^ ruadity to tbti ivqitiruiiii'iit* of the ilLff4."rHnl 
epeinStnttan?. 

Thr HlrtJ® ill flange ts asifumisj to aet at the center or i^ravity of the and 

a wub equivBli'nt eonmted as flangn ara: thwe two Ptreswn*^ muBl p^m^ ariiJ oppiVili^ 
!□ uiL^fy tbi- // ot|iiarion of E-quilibrium umlefti tb.’Tc are cflctemnJ huiitoiUaL forctflliK 
and they form a tvypli? the mt^numt n/t which ib the rcflirting momiini i>t the i^irder. 
The lever ann of ihiB eoupki U the de^ance from center to center gravity of ihe 
Beedoti of tb‘ flanges ami ip railed ihe effrativr depth d^. Tb‘ gnw^ arva \a uned hen- 
for ct^llvemeOix^ for it ip jdmplfr tmcl Kiveji jfulHlantmlly thi^ iMxnvr [d a ffirder 

without eovtT pkt 4 .-p^ the effectIve depth can be dctorniincd with PiifRdent aecumey 
from an assumed angfce oif Interrmfdiate thidkni.'SBr say of Thi:: efff?ctiw di^pth 
is I he dwtaiico from haefe fo back of angh^ minus twice the distance from tbi centir 
of granty of the angled to the backs of the outstanding h p. Tla- distauci? from back 
to hack of atiglei is in. mr^re than the deptii of llhi wfib plate (or J4 iti.+ set" p, fl 81- 
When cO%or platra are usxl, it is ta^ce^sary to fitul the (»nter of gravity of the imghhs 
and ctsver plates of each flange in ordtr to hnd the effective depth. For n pndiminary 
depign it k close enough to uau thi" depth of the web as rf^ but if equak-leggi^d angles 
ai^i: ummJ it would pn>l»ahly be closer to use it as 1 iti. less. A depth greater than tb? 
distance liack to bark of nriKliiS is not allowtHi 

Tlti' lotaJ foTCf artiug ai tb' center of gravity of uut flange is found by dividing tbi* 
miutimtim bending momtitd by effeetive depth, and this divided by the allowed unit 
St will give the llangi; area required. This is made up of the area of the flangi.-! angh^^ 
and rovBjr platra of mt flange plus the equivalent pf>rtion of the wfft-i counted as flnngt^ 
art^a. For simplidty this portion is taken ns one-sixth the. grj>Hs an:a of the whrde wb"li 
plaii" H no holra are iw bo deducted^ or <ini‘-eighth tb" gmss area of tlie wtdj if the luu 
sort ion ii uj^^d in the angle# anti cover platen.* Unless 6 X 6 X angk« or larger are 
UHtnl, I be area nf the cover plates shouhl not exceed I hat of the angles. Cover pistes 
which exceed the maxiimmi [ninrhing thickmiss t^hould be subdivided ns Ln the other 
nielbod. 

Ulustrmtive Prahlenu Ffrynpr^irco Hierled Girdfr. To design a SO-ft ginjer 

cumpost-Hi of a TSdn- web plate, G X U angles, l4-ia. rot'er platra, and rivets to 

sRii'ify the FiattHj eontiltiorui ^ in the problem on p. G-11 iifustmtlng the inomcnt-of- 
iiiertb mcthiKl. 


for concentratetJ loatds (p. 5-11}..... ..... 

.!f for roticiititmU'd loads [p* t3-l 1).... ^. . . 

Wtlght of a^umixl Ii w'eb % angles^ cover plates of et|Ual wrught, 

plus to (Ktcent for details.+ 4 X 128^7 X 2)1.1 

Maximum . -.217,500 H- 350 X 23 

WebUncknesfBrequirwl for shear 22l>,500 + 13„0D0 X 72. .. 

Minimum wpb ihiekness . .. (73.5 ” 2 X 5) 4- 170 

3f due to weight ...■ ■: - ......... 350/2 X 23' 

"I'olal net flangH area ri^quirtNl ui teusiun, flaiige (d, being jLHKunusJ 
1 m. Ifsa than tb* 72-in. web) 12 X 3j3d,4D0 ^ 20,000 X 71 

IH grEsss area of the wib..... . ..., ^ . }4 X 72 X 

Nelarra2l^(i X5 X !!:*.- . 2(3.ld - 2 X X U 

Xtrt area required in cover pistes in teiLsioa flange^ 

ai.li - 3.4 - 13.9 

Total thiekncrt* of mvmr plaU* i n tcjudon flange 

1U ^ (1J - 2 X 1} 


« 217,500 Ib 

- 3,523,000 ft-lb 

« 350 |h per ft 

- 226,300 lb 

- K in, 

- ^iflin. 

- 101MIX3Tt4b 

= 31.6 5K4 in. 

■ 3.4 nil ^tt. 

=* I3.t>#r|m. 

= N.^sc^in. 

- iHin. 


^ 1iiH ii hfawd uiKJEi libH EHSitiilLki nkudimni. ai tbv pBct4aiPlllif w^b, divsled by unit- Hlrnu Hlid 

ilM< ddptlL. h ii 1 ^ rTiuiimifiy i^kill sniwal the diffeeme* tnl«e«iL Itus d«tiUi «ad llw difaJi 

at Ihit ■ iLiiiiiltS>fUlin tltfi mtiu yf llbS sei ana la tram lirca liuuUi^ m tblit at irert, IieiIeb tOr HiiJflefiC-ni 

Ii mucbb ?%E PO tboiea oiiy be latini lala nMUjd^ntinq by inulljp9}nii.E the Jhi ^y H iPAlcfi l-i- 
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nwl^ weight.(p2 + 4 X 2«.7 4 2 X 53.2)Ll - 

tiovi^I bi’ncliiiK inciirioiit dtit^ lo wdgbt...-300/2 X 25^ ^ 

DMtnnrp fitiin tiiuk of iinsbe i'fniff of itrudly fPig, (i) 

2 X S.4d X I TS - 17.5 X Q.tl2 ^ 

2X?t.44 4ji,o 

Ri^vispil ^,.- - .72.5 — 2 X O.SO =■ 

Rpvued iH'l nmt rctjuiifd ... 12 X 3,7^17,500 -J- 20,00(1 X 71.4 — 
Tiiisi b 3L0 — 3L4 = 0.2 Ira tlmii for tbp fust Irifll iiml tiinv 
fiHf Ufcuis from tfip ftrm of tbi^ oovpr plativ |l^vJii}( tht web and 
an^k* unplMiJtgf>4 

lk-\d.wd tbiptora of povpr plaUas.......... . H.l + (14 — 2X1)^ 


afiO lb pPF ft 
112,500 Ib-ft 

O.SO in. 

71.4 in. 

3L4 &i in. 


The PompTesdon flange should hb like the tcaMion flange unk^s the gross area found 
hy dividing the beniiing monieot by the afS&ziivt depth and by tbe umt atnsa riK]uim| 
in iImj foiiipjwion flujxt^ eitceed^i the gross area of ihe I wo ahgh-a« and the eover platen 
of one fliinjK' plus one^iKih the gross areu of the web. In this caee^ ftssneniag that the 

12-5 X 12 X 

girder b supported laUrally at eaeli ooiieentmted load, the id/bt » y x L.ij4 

d«^ not exeeed the tiOO aIbwtHi (or ihe (ibtanoe belww-n lateral supports 125 X 12 
doew not eiceiKi 40 times ttio flange widlh 14); 

ao no intiTMtse in ueeded. &B 

On aocuunl of punehing thn hnita for tlw rivets, 0^ 

ihe plate in imch flange should be jfuixlivided Inlo _ 

one ptnlu 14 X H nt-st t* ttup angji^a and one plate ■ /y j j 

14 X ?(«. I 

C.Cf0- cL V5 ^ 

ft.,. g. ..rg« Mgthad. Wtlded Girdrr, Th{> de-ign fit. (7.50 § e 

ttf « wpldcd »rd<ir is rtlaliv.’ly aimplu wlrni) com- '* 

pcmnl of B wi'b plBtc and two flange plaiw. After 
tbe web plate S* selected thick eaeugli to develop the 

flimip" welJiiiK on both «idc 9 , the f hictneas of each flange plato may be anaunit-d far 
weight HJid iiffectm- cjippth. The ghws ami required in each flange may be found by 
dividing the bending monicnt by the efTeclive dt-ptU aud by the allnwed unit Ktrost, 
nnt^iath lVa‘ grt-ffs Bioa oF the weh U‘iii« counted vn flaiiip- an«. The nrauliiog tii^e 
may be n'viaed iiniil in udjiwtiiieiil. 

UluatratiTe Problem, Wjnpe-nrra-tfriAod. tlVWrd ffirdrr. To design a 60-ft welded 
idrder roiiiposod of a 73-ir, web plnle and two 1 4-in. Bunge ptaiei Ui satisfy the aaiu- 
nmdidoiiH w the rivoted ginlcr on p. 6-12. If wv sehft continuous fillet welds 

un Ix 3 t.li aides, the web plate ahuuld tic in. thick a* un p. «5-2o. L»t u.-» a.-aiuiie 1 ij-iii. 
fhtnge plntce. 

Af for concejitrated kwda tfrom p. £>-U) . a.dXo.OOO ft-lb 

Weight of nssumFs! auction plus 7 percent for details _ ^ 

( 122 + 2 X 77.4)1.07 ■ 300 lb pur ft 

,V due to weight.-.-.30l»/2 X 23* = ‘«3,8ai ft-lb 

Total flangt-smi requirL-d.., 12 X 3,718,300 -l- ^,000(72 + 1.^) ■ 30.3 aq in, 

hs grows nioa of web.*.11;t® j ” ii? ■ 

Tliickne-ss of Jilltte in each linngc.... H ..(30.3 — 0.0) 4- 14 “ 1?4 

ITiie is clow? i-niMigli to the awiumcd sue so Uml no leviidon i» uecoasaiy. 


TEffSION ANIt COMPRESSION MEMBERS 
Tenaiqn Member^. A tensinn memljcr is designed to tnuumii tonaile atptsaea in a 
diti-ctien iMiralk-l to its prineiptd axia; tbwi- atn.-aa«i tend to elongate the member. Tht* 
mentber niu!)t be so designed that it is strong ennugh at its wcakt^t point to carry 
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ihc totgi slre@i, Tht^ effectivi? nrl stl-b. rt^uiFvd ia fount! by dividing tb* atros* 

by the allowed unit strew, _ 

Htnlii w tiaod aa lighl tenalnn tuembt^rs in t»r^dng or to Ue different 

parta of a atmeluni together. They aJ^ usLUiJly thru^jided for nutif, elevw^. or lum- 
bneklt'?, the thnradB are cut at the enda of a rotl pci that ther i-ffi'ettVT- art* ia nstueed; 
tb' effective arm at the rout of the thn^ ht i^ivi n in table* of threjul**. nJid ifie diaineter 
of the riKl i* m whfoted that tike corrwpondmg ana” equah or esMi^e the n> 

quired ftiva. rkniH'tItiies the threaded ond of tht^ rod b ufKa-l To a larger dtanieler kj 
I hat the rnol arm will exwed tW gross anta of I be miun ml, and only iht\ lat ter n^vd 
bn considen-Hl in tho design. -'^inulitrlyH a loop rod is niarlu by bending the eml of a rod 
hack upon tbu rod aHil welding it to form a loop whiefk fits areand n cylindrieal [)in, 
TbiH bops an? stmnger than the mam part of tho rod, io thnt thn dej^igtier «inply ^ 
tk termini! the slsw of tb? squan? or round rod, i ho ar<a «f wKieJi rfiuaU or n-^cvidlrt 
Lhi^ roquired area, fc^iuare rodfl farfkbh b tier b-aring on a pin, hut round liwp rwip are 
alio usied. ftodj an* available in multiple of ^ in. 

Fkt-rellod Steel bars an- sometimcii? beatod and upset at the ends in spedal 
pnrfiats to fonn eyebaj*. The enktg^'tl headfl an- kept of tbi- wwne thiekne?w ua ibe 
origLiia! bars aud hnlea are punehi'd in the ends, whlh* hot, to fomi eye*; later 
these bok^fl an- bored aeeumtely at the proper ilL^ani^hi apsirt to fit ■:> lindriral jwup^ uta*tl 
for conneetioTU!. I-orge cyebar^ were formerly uitod for the tension menda^rs of pin- 
coimected bridge trusses, but thi^y have been largi K- supcrauflL^i by rivet+^J or weldud 
memben*. Only ban? up to ft in. iu width anil 2 in. ihirk are iiuw avwkble in this fft^nn, 
but larger barn may bt built by welding rtinfnrring plants at the e nds of flat burs and 
rutting and puikchicig them to simutate forged eyebari. Eyebars an- used in the anrbcir- 
agiw of suspension bridges and for certain of hatiRei^i. The heads of elfhrr the 

upset or welded ev'elmra are made targe ennugh to mnn* than develop the efTiTtive 
ari-a of the mJUFi parts of llu* bars. 

A temdufi mcmtHir may ma-vit of one or more ey^bars, di*pending up(>n rocKlition-*- 
A member of a irussi should he eonijKMied of an even numhtf r of bore. In order lo fcecqi 
the TniM> svmmi'trieal about itn central ptam-. Thi- numbiT and the wie of a bar luuFt 
be m<h that the total arc* uf ero*w stctlon of the main jkortion of the bars equals or 
ejtceeils the roquiretl area found by dividing tbr total streiss by the unit stn^8fl alluw-etl in 
tension- The avalkibljc widtlm and tbickne.‘?sv s are given in the handb<H>kSr the tldrk- 
varying by justeenttu uf nn inch buweisn the minimum and nuisitiiDm valu^fTf 
giwn Lti the t^>le. The design of the main part of u wtldtMl bar in inmilaf, except that 
mueh w*ider plates ore uwmJ, 

Rirfiifii Trnai'on ^f^rmbtTs. One or two angles are ii^ed for thi^ lighten- tension mem- 
fic-rs of roof truases, Initiced girden^, or bracing syjrti.'mM; b-avt^r mnjnlMirs are imidu or 
ia-am rectlnns, ehanneb, four angles, plati.fs and angle-^. or plati n and chaniieK The 
eompotient parts of u singtv member an* fiuuoTiod iogethi.*r at inti^rvak- stitch riveiF 
are iml to bokJ tw-o augles together, wa^b-m being if neres^ary to maintain a 

uniform dlfltaiipe apart ^ lie platt'ri, bltici* Ijam, or continuoua p!ati*s are iiM.-d for larger 
nu-mbi-fS. The offtwlive ertm wrinn of * tendon nu-mlH'r Ls r^sinrecl by hokn, even 
though ibi-*- boles ao^ laU-r fllbd w'ith rivets; a hoU^ n'cluia^i* the croto^-seclionul area 
bv the area of a n'elwnglCg nne dirneiudon being the ihielcnesv of metal alid the OSbiT 
Ebe diameter of tlw.’ holi-. Tk- diairu'ter nf a hole for a rivi^E or la lit b takklfl in- larger 
itian T.hi* lirtminol eiie nf the rivet or bolt; this allow* for pLitiehing the hok.’F in- 
iarger and ab» for reaming holua if rL^ulriMl ki^ausu oi itLaeeumte twinehing. Tnkjw 
riveE huk-s In adjixcent linEra cue irm I ban a et^rtain ilistAtice apart , ns i^xplnine^i In thi> 
next paragraph., tbi- weakosE red ion of an orelinao' brndon meiiilH-r is thnmgh the 
hugest number of holrai, tisually ta-ar the ends where the member is couEitcU'd t<i otlu-T 
membent of the ptruoturt. The detotb must ho ant id paled bo t hat the corn'd mimbcr 
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of bokri in ibe crittsU ^tiun nm^ be nMnally, bnltjA for rivE^t^ in tie plale« 

Of blti£l:^ bsjii mfiy he m piftced ihftt they will not camr' ftt ihe eritiral sefiion. The net 
ArT'* niay he fivuniJ by rombinini; the net art^iift of the irfimfwrufint partti ar by liutitraetini^ 
ihe ari’Ai «f tbe hole* frtua the ffrws area of tht: wh^Nle member. The gmwi area of the 
different cnni|KinLTLt jjanm may be founil from of properties, and the areas of 

holt's may hi* foynd from tables* or hy eompulatlon. The net area of a plate is etiuivalent 
to tht’ pnxfun of lln^ thJekm.'As by thp- trH \nfith^ ihi^ latter beinj^ the ktijss? wkilh miiiu:!! 
the diameteni of all the keh'S In the erogss sect ion.. Usually the 
ileiljifn is an in-rlireei tht* section being appro^ciuiated, its 

!tu.-t an?a txrin^ fouTid and eoukparud with the required ati^a, aad 
the iWMitiou V'tHng revim'd if twwnKtty uiitii the tnimmuM If 
fmitid tvhieh mi^-ta the n'^uuvnu'nti. AccordLni' Lo mmu speeifi- 
rations, only part, of the untonnetted ]e^ of a duide angk is eoa- 
aiden-d effi-etive. A welded member may nr may not have hokw 
dMluetodL 

Hlustm-dTe PTQhkm, One angk 5 X 31^^ X fis of diagonal itav fin. 7 

limeing ia eut and spliced kh shuwfi ki Fig- 7 ao aa nai to bterfena 
liith the olhifir anple. How thiek must a tS-in. splice plate be to develop the full teiisiJo 
^trvEij^th td the Ejjjgle, the rivets being in 

Xel aien of aEk|de through onc rivet hule... 2M ~ iHX ■ 2-21* 

Not width (kf piftte thruHigh two rivet bol^.......U — (2 X H} “ 

Tlnekiiio^ of piste raqulji^....2.29 + 4.2o ■* 

£ff«d of Sti^eted Rivets, TTk* kast mt flection j-a tm Mceamrily a right sectlou^ 
for rivote in Biliaeenl lines may be cIosp enongh to make a aig^ag acetion weakest, 
Evf n though the aig^ag has the name net ama aa a right fiL'Ction, it w'nuld fail 

first fK^-auw the diagonal portious wv. not ao effective in R^aistiitR axial alnw, although 
this fart srkmt'tinuw ignored, fn aJI thy diffmunl mcthiais of dyti>rminlDg thy yfftTcth-e 
Hwtlnn wbm riwis are istaggerefi, the minimnin voltic is fiaind when the #iajj;gemi 
rivi'En WK ronMtlervd directly oppcidU' witli thii fuJl hnL-s dediicted, and the maximuni 
valuJ!' found when the staggiiTvd rivet* an: cerLnidfc.'red far enough away fmin the 
critical flection tn have no effect, BidWE'im thi^* two limits, a fraction z of the area of 

thf stafKoted holt^i Ss di?ctuct«J aa i I — — or r = 1.3-- * in which # is the slugger 

if 

or lorkgitndinal distance from center to center of rivete, ft h tb*' gage or tTHnsvewc 
dbtance btdwet n rivet hneik, and h ts I he diarmder of the hole. It k important Ihst 
the proper effective ae^dukn b« used whert' the sin's* is tnaaimum. At the ends, after 
a portinn of the stre^es hari Ijeen transmitted by rivets to the comiyetioji platea, (he 
-eel Son may b- nrduec'd and fltiSl cany ibc remaining: bIiuhs; recent tevla indjcati.', hna'- 
iwer^ that ihf strimBth dopieiids on the wcaty^t stwtion, and little benefit is duriviKl 
by the onaisrion of rivi’ta miar tht^ center* 

Comhined Tcosion and Bending. Wbon t^awion membeni are nubh'cte^i to transverse 
k-nding, the combined unit rttraflijes muat not exewi the aJInwod value, for tervdou. 

Compression Momhers, .4 oi>niprf!asiorL mk^mber is d-eiigncd to traru>^nut compnaifhve 
Stresses 'm a diri'Ctlon parallel to it* principal tuLia: these irtrea^ tend to ^horttui tiu! 
TEM^inber and iil»o to buckk it tmiiirt'orsylyj since the rt^uJilftxit of all fEsreea cannot be 
assiLEued to aet absolutely alang tbe gtavity «iH. Tim sijr'jiKth «f a compn^iEm meia- 
fwr di^pends^ th4’TeforeK on ita fEirin of crotf?^ H'ction and its kngth^ m wi.«U as on Itp area 
of crow section: fcir a givpii aiuount of material,, a pipe is strongi'^r thaii a solid bar^ and 
Q ^short member ts stronger than a long oiw- The allovi cd urkit strt^es k init a fixed aJiiLkunt 
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but ujicin lbl^ ^k-iuii'rn™ mtio l/r^ in f tf= ihv Df thr nb^mlK'r \v- 

tWlHL^u lAt^riLi ill|jr|KPrlfl Jllad r ifu* nutiui^ of ^ mtioii. Thtj Bpi>ciic?%UnnA to Iw; 

for & givt'ii BtfUirtttrv tibi>w thj* oui^imuiD vnlihr of f/r In hn? i]3<.nI for nmtn 
xha.i Mv fitxvHdvd by iirLudpd kmh^ joi, for L^xojupk, JOO for railway bridges mid 1^*1 
for othor stnjciurtfl^ Wiuit'r vaSiM-s are given for bracing And other 7 eKiiklar>' membt^rF. 
For o. [fiscufli'ioii of dlfen^nt etiniprii‘a>«iiDn foEtniiLiB, iii*o .Sretion 3. 

FofOLS of Mfmben, Single and dtjuble aJiglos an." iuhhI for light compR^iuo ii|fe^iuWh+ 
or "Rtruts.” TTh- lea^t radiudi of g>^jnitiori of a sringle angle U about a dUgoonJ axln, bol 
itw' loAKi riidiuB <jf ttiiiy other onilnAn' aLnuriiiraJ nuriobLT is alMaut orw of two pi,^rpi’n* 
durulAi which are jMndiLd to ita pnncipaJ fareB and whlrh through the irnii^r 
of gravity. Usually the loiig«!r d" two angle# Bie plaicvtl togt'tbT^ oittw;r m eoniart 
€sr Bepanited by ihe thick of a cooru'ction pluTc bc^cimM;^ the least nuliii!* of g>Tation 
w mfire fa'Hi'orabk^ than when tht? .nhort+T legs ftre cuEim^ctetb When niemljerv are sup- 
ported laterally in cnie iltreelEou at lihorter distaoci's than in thr othcir direction, two 
dHTerent ration of t^lenderm^ should be eotuddenMi in detemtlniog tin* adnwf;>ii unit 
stress; usually' tlR’ rouinLier srhould be turned bo that the larger r com^pontjft to the 
liugi-T f, and ofteb tbi' coinponfini parts may iw n^Arranged to advantage, a-s for eJtainpk^ 
by eouneelLug the shurttT iuEtead *if the lunget' le^p of two angle*^ Propertie* of otrc 
and two aiighw, of WEde-flangtHi be ams, and of oihtiz rolled sliapfe>B nra given in thii uddtis. 

Tim* radius of gyration r * %/ f /A of a bulLLup ms mbor may l*e found froin the 
efitnbinixl moirieiit of inertia of the compOEwnl parts^ n^mutdbenng that for any an a 
the oiotnimi of inertia about nny axw h- moment of Lnnnia of that arta ahnul n 
imiallel a^is throngh its own wnter of gravity plus the an a timea ihi^ square of the 
liistanoo htikwwn the? two ajfcs; ihuB /« = /^ + dr. Tb' and mojuent of iiionia 
of one angle, ehniiiieJ, or other rolled shape alanit its ow'ti tenter of gravity may be fouoil 
from lfiE» tab1i>fl. Thi^ menTW^nt oF inertia of a plab' about its own eenler of gravity y 
in which d is the dimenBioii perptmElkuEar to the m*: ThtB lertn uegligible 
when d Is a fraction of nn inch. If n metalier li uTWj’KUiietrie.jd, the position of its et'^nter 
of jcravity pmy be found by moments, anwi lieing ustd ins forces. It w UBUaby inosi 
cihtiveninnt td find the i^ccontridty from thi“ comer of grmiity m the tenter of ttie web, 
thus: multiply the area of rac.h eomponent part by (hi* dutaure from its center of gravity 
to the eeutor of the wifb, add idl these area nuam^nts on one snde of the point of moments, 
Aihlmct the ama rnommis on the other sido, ami divide by the total area of the nu.*raben 
All parlfl which an- nymmetriEAl about the ctjnier of the web will cani’T-l out, but their 
an-as must be iiicludtHi iti ih* tolal an-a. The moniE-nt of iru-rtia of the eiilin- iiii-inlaT 
may be found first about an nxii* through the center of the web and then this may l»e 
rH/umf by subtraeting the product of the total area and the pquare of the oea ntricity 
to give the least momcEit of inert ia about t he crnt^T of gravity. Often it will be uppan^nt 
which axis will have the smalkir moment of inertia; othttrwiiie ihc calculatlou of Isrth 
MUijt be carried far tmough to dulormine the least, 

Design. Unkw approiartalc tablefl of fiafe bads are a^laiile. the desigEi of a com- 
pjcssion memlior is nn iiubrect proceAc, ni^cesMlating the assumption an approxiraate 
st'ction ttjvl the verifiratbn or niLHlification until the total safe Umd the n«- 

quirementis Thi^ total load is th.^ pm^iuet of thu allowed unit stress and the gn^- 
jma of the lut mher, hui fh- art a of any hobs which arv not to be blk-d by rivets sbnuhi 
Imi rh^^luclod. The pndiminary assumption is largely a nialter of cjfperience and judg¬ 
ment, Although the form nf miunircr is often determintHl by i ts relation to nlhi-r memb n* 
In thE‘ iftructuri'M. SumE' <}( the practical points are conridered later in this sc^liun, but 
lhiH thi-ury of design Is illustrated by the following problems. The talde# in iht- nmmml 
give the safe loads for certain spi-dfieations for many of thi- mon^ common typi'e of 
compit'iviorfc im-mfars, luid thi-y give also the aoAs and radii of gj^ration which fAEilitato 
Ibc design for other .H]Hjd£icatiuiis. 
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Illuitrmtive PrQblBjnj. 1. Tb™ Di^jj^ti an S-ft atrut cif two to nuppnrt 

fi [f:7aiii of 100*000 lb rut 15*000 — With no Ripporl, tht itwKit 

fjivarablQ nrr^jipiMruTil U with tlu^ lunf^r Ipeh <if unifiiiuiil-li'i^it^ coniMM't^il. 

Tbo an^J^ art Ln, api^rt lo prmiiJe for ilit itiriifrtjon ijf ronoectioD platte at Ibt mils. 
A«iuming the trnil atrtsd fur a *maJI mtmbor as 13,000, tlit art^a ri^ctuirtil woulii Im' 7.7, 
Tht atvn of 0 X 4 X Jf«; ^ <ind tht smalif^r radius of j^yrati^in la 1.03. 'Iltt 
aHowod unit jULn'iw wouJcl be 15*DOO - ^ 4(5 X 12)Vl-SJ3^ « 1I J30, tmd thr* load 
11 ^,000. 2L*^ X 4 X f w would havT thi? ^lAme 


unit strw unci nu area of 7.22, whi^h would 
pvt A anfo toad of 102,000 and would bo 
salwfttt'torj\ 

2r R^hd Dt^ign a SCbft column lo 

1 js moo 

jUBiry a load of 300.000 lb at--— 

I + {;=. laooOf^) 

The tabltp give the aaft lotvJ fur a diffen^nt 
formula us 3(0,000 for a 14-78 wid^'-lLvEiEP'^ 
beacn serlioiL Thb Iuue an arta of 22.£U and 
a li»ju?t radius of 3.00. ^bsti tilling in iMir 
formuV we find a unit struisA of 13,270 nnd 
11 ^fe food of 304,000. 

3. Unti^mmdriml ^erfidn. Fiod llie wafe 
P 

load at (7,000 - 0,483- nf ibe 20-fi top- 

diord scttinti cumtMmwJ of 2 webs 18 X 1 
cowr plate 21 X 2^ 3 X 3 X ?ii. aud 2^4 X 3 X hi arrang^Hl hh f^bo^vri in Fig. 
5^ From the table of propertir*?, the dUOuietii frtiEn tlu? Iun:lu of tbi' angli^ to 
ibeLr eenterfi of Eravily are fauuEl a.tiii ref^o^dpfl (iirrctly ujjoei the sktjteh, aim the 
ecirresiiOTiding diatanpEa fraixi the center of tfai plate to tlie^ centen^ of grn^uty. 
^\ilb tiusse dlsLaneea^ (be algcbruje sum of the niampnts of the companehl area^ is 
found and disidwl by the total area in onJer to find ilie erw^ntrieily r; by taking ibe 
point of inoinents at tbe ecntcr Lino of the weba, the nuuuenla of tli±! up|a*r and lower 
halves of iIm* wob Ixilanoen 00 that they need not be found, but the web area ia laeLud^ 
m iho total area. 



^ <10.5 X 9.53 -H (2 X 2-11 X 8.3li) - t2 X 3.25 X 3.42) S0.4 

* “ JO, 3 + 3^2.11 + 325 + 'l.Oi ” ^ *■ ^ ^ 

t of w'tlM alMJLit harixoatal renter line of webs.....,2 X 213.0 = 45(> 

/ of rover plate....... 10.50 X 0.50= -* 048 

/ of top Rttis}vB .... ,2jl_8 + {2.1 J X 8.3(J^|| - 2111* 

/ of iiottom angle#.»* *. ^ *, * ^ *____2(2 4 + (3.25 X 8.42=)) - 4GG 


Total / about nKia throngJi renters of welis... i« 2,liiQ 

Tratafer Afi^ ....... ... ,30.2 X 2.55* p- 'lt;5 


Tutid IA about boriitontal aid» A ,4 through center of gr^ivity,, .. 2,034 

/ of OOVXT plu Ee abuU t Vertical axis BB .... ^ 

/ uf Wei*?. . . .. .. . ___2 X l>-0 X 7.0* = K82 

/ of tiPi> aiigk^.. .. 21 l-H + (2J I X Sd4^| ** 2K3 

/ of bottom ATighfS..... . . .215.1 -h (3.25 X 8,58*)J = IS8 


TuUd In uIkiui vertictil axia fiB ihitiugli- ivoter uf gravity.. 
iHeast rudiiis of gyratiuHr s{|Uared.. 

.Allowable unit Btm&s.. ^...., . 17,000 — 

TotaE safe laa<l.. i................. 


. . 2,034 4^ 3!P.2 
0.485120 X 12)* 
5I.SP 


2.033) 

5i.O 

10,400 


10,400 X 3l(.2 = l>45,200 
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€ombiii«4^ CompresEion and BaadiikE, Whvn c>cim{jn.^kon muniKHr^ iifu 
to irutavi^nse bendlat^ tht^ combint^d unit must nut fjcrmni the aibwnj vAlue. 

Tbr titwt pirt^ diu? to rampre^oo ee foiiniiJ hy diviiiin^ ttw:- maximum cumF^rts^iw 
by th* grotfs nrva. of crews necttoa? thv umt rUTVW duo Eo bending ip fnuud by cquat- 
inif the rmstiniE morniifiL///c to the bending moment amj solving fcir/, c Ewdng the 
duEJUicq from the neutml to the estifme conaprfatuv fibHsr and / being the monu^nt 
of inertin of the grow crnifis feetion. The AJiuw^d unit sTT^^s^* m determintxi by the least 
r^iup of gj-mtion^ huvrever, if the bending ptirfe is the pdnripikl eompom-nt and the 
direct cnmpTvsahi- ittn^ U relatively mudl, it b- permlfisEblci to um- the nubim of gyrnticin 
about an axts porpcndiculivr to the plane of bending evi?n though it ia somewhat larger p 
UndiT no elreuiniitaiicefl shoutd the dirvct stresp alono exceed Tbt? allowed as dt- 
terminpti by the hiaat mtliua. A be! tor mifthod \s to divide the unil stress developed 
in compresMon by the unit srtreea allowed in rompiuadon, ajid to divide the unit Ptiwa 
developed in b?[idmg by the unit etrt'ais allowed in t>ending; ihi? Ertun of ibi:*^ two tiuo- 
turnip must not cKccod iinity. 

\yht'^ tiu* bending ntteaH-s are eauacd by wfnd^ the allowed unit Btnws Lb often mereaSid 
by a specified pereuntagi^ in view of the fact that the tnaximum giavity loads aitd wbJ 
luathi are not likely lo otcnr idmuhaneouply. Any hotpH that are noE to he filled with 
rivrrtH must be taken into coadderalion in both area and moment of inertia. 

Lattice Bars and Tie Platea. Thir eoinpoiumt partii of a corii||}ri.^iun member must 
tje faaterud together tu prt-vEiol. the parla from buekliog sepaiateJy. Stitch rivtita wllh 
or without washerai, or ehort wtilrfe, are ua.d for two-anglt. nieJniwni, and lattice \Arf> 
or cr>ntinEioufl plates for latgcr uK'mbers? stitch rivtits ar^> spaced from 1 ft 0 in. to 1 ft 
apHirt. 1 jatlico-bar sjiTtemfl i^hotild have lie plaCi's at each end htuI at points 'where the 
Inlticicig y EntiUTupted; ihv pEatiw at the enda should extend longitudinally at kasl 
Eis far as the trwwerie dlfttiuice btitwet n the lines uf rivets which attach them to tlie 
memberH but intermpdinte pLatea need be oidy half as lar^^e^ the tbickne^ of tk plak-s 
fihouki not be kra than Hi diitajiw hEitwetn the rivet \m^ If the dklnnoe Ixitween 
ri'vet lint^ is not morn than 1 ft 3 in., single lattice liars are ufud with an inclinat.inn of 
at lea^ with thi- axis for primary mi mixra or for Jtacnndary bmeing membfrr?;; 
for wider membej^ duiihk Jattiikf bans are rwEuinal, riveted at their inten^tioits and 
itic]LnE>d at leait 45* with the axu. Thi' f/r cd no component part bn tween lateral 
supporta ahould Lxeetd M (rtr ?S) of lilo f/r of the whole mi-mb, r. Contirmou- phi*^ 
H in. thick are often prefem'd to lattice h^. bccaqat^ at kast a portion of the plate 
am be conoted in the effective an^a; if the distance between rivet lines exceoda 30 tirmai 
the thlrktiLEV^ of the plate, the effective arm of the plate k Itiken ^ if this limiting diiP 
tance wero uaed^ "ft htm component parts of a aimpHL-wfion momiverare rivetfal tojp'thiTfc 
thi^ miLvimutn pitch ahotild be 16 timi^s the thideness of tk* outwde pHto or 20 tiniL^ iho 
thickn.'w of ihc thinned enciLKted plate, and for a dlBtana^ equal to I the width 

of the rutmla-r the sparing ahouJd not nxec^ 4 timi* Thi^ diameter of the rivets. 

The minimum widlhit of Uttia bans an' cfimmonly siacifipil a^ follona: 2?^ in. for 
, S--!n- rin‘t#^ in. for ^-in. rivets^ Buid 2 in, for ^^iu, riv^'ts; rivi^ta are uboiI 

For lat tiring Ihingvs 3M in. Eir over. Oiii- rivi t m gi ncunlly imHl at t^ch end imh's? the 
lUngi^ ao^ 5 in, or more in width, when two are umhI The mitumtun thicknesA of 
single tattiro bara K ha of length from center to center of end hoh-s, and !he mine 
mum tldckn™ For duuhle lattiro bon. k Ha nf istich length. For Pec^nJaty bracing 
UK'mbtire tbicM.' ntirat idav lot* tokch u uul nupcclivetv. 

T^ttioif Imts or ronELbiiou-, ^IaU^ iri? ^uppoEAid to thi* tcitii] nfai^flr in a ooinpTL'AHjoo 
iwmhtr, dividine ihi; shi'jir itniAtly imonj; mil panJlfl piiim<E in which ttn-rc Bn? iwrirtins 
clcm^ niii, wh.‘ilwr Un or jiIbIi*] th.* h.n. nrt much like lht< web mtmk!™ nfa Wam n 
IIW ih rfKL»tinR rtiiHT, Diffiirnl plafu? haiw biicD di>vilKd to detcrmiiii* the Bmnurit 
of fihcdr to be mitattKl. The prxJemjd nicihod sccu* to be to EunAidcr ihc ahi'iir na 2 
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pcmnl of iImj total axial stn?^ in llii' pluA anv i«hpar duo to tlfc ^Cj^ht of 

iho BiL^fnbcLT or to wtentric Joadinii^. HijtliHf puiToota^ haw b«a Bdvamte^, hut 
U'flt* * would indicate that 2 porceat is ampk;. !%> npecihcatioDS of iho Auirncaa Rail¬ 
way Eii|fiiu?eiiiig Ai«^iatian and of tlw Auji'di^ A^Lwiati^^n of liitalc Hijiihway OffirLalp 
give a farTnula for pcw^nlage Ln terms of t/r^ hat only when f/r < 4^, aji in iho larger 
mcunbeJTt, do thn deviate from 2 pemj&l by more than 0.2. 

The str^ in n »ngje bar la dou^rtiimril from it?* alope and from the thi-ar oxplaLaed 
above; when angle bars art used muLkJng 60“ with the nxk of the memlx-r^ the stress 
in each bar is Ll5 time* tlie iihi-ar^ whim doubk hitlidnE ia need making an angle of 
45“ with Lbe asia^ the stn-ss m caeh bar is 0.707 tiinee lht> shear. Since the bam rifaijit 
both tiin^on and compirssiQU^ tiicy tnoiit be strong erwugh for either? usuaJIy the eom- 
ptesnon determines the sue. Tbij same coniprej^on rormula is used as in the design of 
llifl whole numdMTj the imsiipportL^d Iptigth of a niiigle bar is taken from center to cenler 
of ond rivets* but- for double ban* only 70 ptTrent of this distance betainto they are riwted 
at their intemect ion. The radius uf gyration of a rectangular bar in temu of i e« I hJekm^sa 
ia - iVl2 or r = D.28a. 

For emmpbp in the chord sett inn of the illustmtisv problem on p. (5^17 the distance 
tictvsi'en rivet hues in the botiem aogb^s m - 2(7.25 + 2.6> which IS so 

dnuhle latticing iff used. Thi? shirar of 2 percent of the aKial strew 645,200 i?i diddtd 
M^ually between the cover plate and the laaice barSp and the fftress Ln each bar w 4*600 
* Ilp450 X 0.707. Assuming %-ln^ n^Tbr, the minimum width it* 2and the minimum 

, .1 iR.5 X 1.41 „ ..... 

ihickncw u - = - — -, For a fengtb of ig,2 = 19.5 X 1.41 X 0.70 Ihemrength 

J oO 

In rotnprewion ia 


10,500 


'.,™ 0.485X19,2*1 

17.000 -;— .. - 


2-5 X- 


and Ln tension is 15^000 » 20'^0QQi;2.5 ^ iJ0]3^K bath being j<fiii1ieii!nt Tlic t/r of one 
bottom angle and the bottom half of the web pLitc ia found h.^ than ^ of the 33 « 


20 X 12 


of the a'hob tnember* 


Tbiff Is found lis folloiA'a" thi^ dhitAiiee from the hack of 


the angle to the wnter of gravity a 0.41 
of p^ymtion ia 


3.25 X 1 33 - 0 X 0.5 X 0.25 
3.25 + 4.5 


The radius 


142 


/5.0 + 3~ai(1.3a - 0.41)* + 4-5C0,2o + 0,41)» 

\ T.75 


atul ll» t/r = 17,1 » 19.5/1,12. 

Perfomted Caver Platea. Hie fijnetiuti of lattice biu^ and £|e platfui may l)e suppliecl 
by cnntinuoiis cover platen pM-rforati'd by a Kiicct*sston of aeci*w huSca provided thjit 
the length of hole uJuiig the axis uf the lOL'nibi^r shall not be over twice lint width of the 
holcp and thi* clear distance bi.4wef;£i holes shall not be leas I ban the iratidVerwe difflaitce 
iH'iweua the nean.-ft. linos of coimccllng rivota or w'cld?. 


RIVFTmG AND WELDING 

Shop uid Field CuELnacdmis. Thi^ compmumt partw af each member on? fastened 
to^i-tlier in the structuraJ nhup by uithiT shop rivi^Ls or welds, and the raembefs them- 
Belves are cnnnectcd together in the Sniaheil rttmeture by field riveta, weldffn or high- 

* FkmJ K^Hirtp CamiafltM ttk CoJumTi Arnwrili, TWiru. ASC^^ 19^ 
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boittii. t)rdirMir>' bolts ans for fuof purliiui, inb-rmcfliatc! 

iMul ftHCHPinkrv ny‘mt>en= which iio tior alfin^i ihi- rigkJif v uf tW mBin tflniclunH. Rivut 
Pind Mi an* nt^ld-pLinc^licd ih si^pomte piLrfj<. jutii ihi- fo bp rivpiH tcN 

}!.k t\wr un* hphl iiy |>oU> tmtil ihi^ ht'uUHl rivi am* '"fIrivpfk/" hlnch lifi't W a hf^fl 
«l fiiu' i^kul and H P^haiik Iikiijat prHPkij^b [njU'Jtt'L'ml Ebn.iimh th<' [uirtM pcphtH'cU'aj k^iiniugb 
lUL tai iKiJtnidiiiK to rtirtn thE* sf^jnd lu-ad and rajnipK uU fill Eh*- pnlar^J hole when 
undpr J3n■^sllE^^ Mpmhf’rp ari- hL-lii Pi#'k'Ehi*r in ihi^ by j-rectlon ixiiLs mitfl 

eriouKh rwrnuuhant tiveiK, bob«, «r Wi NU an- pmvidp*l^ ihs-n the temporary Lfoilit are 
n^pJared. Honu- islnidiin^i art- fully riveU-cl, jmnn- arr fully wi-lik'ti, tuid autm hjt nh^'i 
riveted and emeti'd iriEh field weldB or hi};b-!^trenf;th IhiUk. 

Structural Riveting. The tln-CKth of a rivet b lAffur in a BlruetunU joint depends 
on the aJva uf proas section of the rluuik tsf the livet taken &s U eirck- with a diauK-ter 
equal to th*- uoininaJ diameter of the rivet before it U up<h.t b dming. ff ali |iiirr# 
wlueh ipihI to 1110 %^ in nne db-etiun uie on the ajjtip jtiip uf 
ihu piirtu whieh aci in the opposite direction, the ri\^lH 
Eond to iilu-iir in one plane, ub rthown In Fik. Qa, onij ihuy 
art+ r^d to be id ''lifingie shi*ar.’'‘ If the paita which act 
b nrve direction an.- batmen the paiti^ Rhich aci in thi* op- 
piwto dirvetion. aj^ in F\^ QA, the rivelH lend to shear in 
tw*> plani B jiiid they arE^ Kaitl to be in ^ doubto sbcftr/' No 
tnnre than iJughh- shear iieotj be ctirwiderrd, for it u aB^mcsl 
<hat a rivet will not Bheur in nion- than two plaiiea Bbiid- 
tatieoual>% The unil BtmaH in shear u given b the iipt dficatioiiB, amj the BtreEigth of each 
rivet in flingle Bbirar ia the product of Lhe unit Blraw and the hjem of crosa Beetbu; the 
Biren^fth of a Jivct m dotjbki sht^ar hi twim^ what it would bp in ffbgtu ao far ua 

Khr^anng is concerned. 

The of a rivet io thi; jkarta coumipto*! may lie lew than tb- ahear value 

and ht-nce luitv determine tht? Bti^iif^li of the riv'vt> F^veti though th*- ami ace of contact 
w cjiiudricjil, it can otTer no more n-flislftncc to farcHi imndhl to the line td strew lhan 
a flat Eurfuee, and the effective an^a Li consiJerv*! to }«» a reetBnKk% the rlimerudoiui of 
which ate lhe nondnaJ dittmeter of the ri%xt an<| the thiekrwiss of the metal in which 
It Um. ff two plairtj nf (tifere nt thipl£n.vBB an- wuincciwi, the rivi-ts would naturally 
tend lo tear through the thinner plate and ila thickiirw would deU-rmirve the Btroiigth 
in btaring. U uion- than two plates an- conma-M by the aaim- n%vUi, the bearing value 
of eaeh rivet ivould bj determined by ihe thirua-r coinhined tbekni-w of all lhe plali^ 
which act in otm din.etinn and not nerffisarity by the tiunruwt platej khiB hi true whethur 
the rivets an .1 m dingh- or double Mhcar. Th. unit Ntn*® aJInwed in b-aring is often largi r 
for rivets b douljb Bb-ar than for thtMt- In singb shi^ir la-rainH^ of the res^Litaiice of the 
Kroater fricticin Iwtw^a-n the rMWtB cunni-cifd. The bearing value of each rivet ia equal 
to th[‘ product of thi^ urdi thn nominal diumeti r of tht- Hv*,-t, mtd the limititig 

t hitknew expiaiiied above. Web t hirk oi-ww *« for charms 3 b, and other rolli-d aliaias 

may l)e found in the talik?a. 

K limber ef Rivets, Thi. uumhur of rivels tiKiuin-d in aa orxfirwrv ooi.tM^rti.it. is 
fnmitl by dividing thif foltd pIjtrh by tb' limit inp- vhlut- of muj rivet. First it should 
be drtenniiujd whi-lbir (b- rivutn iiet in ringlt* ur drjiiblo phear, und from ik' ufilv 
of rivet vftiuw tb' wrmHpoadini; ph.'fli- value should b- fmin-l for ibR pvpn diamiiter 
of rivtt SpIuI for tbr- spMifii-d unit strew, Ni ^t the rombinetl I hietuLW of tb- fKirts wbcli 
aid in unit din'etinn .^huuld bi eont|jtifi<d with tb< toiuJ ihickiu-sa uf the parts wbeh 
act ill ihiv oppofliti* liiTvetioii, and tb- stimJliT ehumn; ftwn tb- tablv of rivet value# 
tki bi-iuin* value of one rivet in this thiekia^p of nietaJ shonlii k- fuund fur the given 
diameter of rivet and fw thp sptsribsi unil strew, The limiting vatim of one rivet is 
tb- Sinalliir of Ib*t, valui# found for sbmr and for b.aring. Bearing vaJui^ whieti lk- 
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ttaed double f^hcar are not fbown in tht tiiblirff. At least two riwrtd in i-mch 

cunneetion^ ex-repl at the end of a lattice Imr. 

lUustmtLva Pnablecrks. I. Triw*, To find thi’ niunhtere of rivet* ittiuifixl to 

oonqevt difforeeit Ofieiiibcts of u roof irijsa to Lbo ronueftinj: gusstt piale in Fip(. 10^^ 

unit dtreases tieing ii^ed in [niiueiiI* p<?r RjUare ineh of l-^.OOO 32,000 beqiing in 

single sbc-tirp and +D.D00 bearing in double shmr. Tlie streasiw in the mendters In thott- 
mntiR of jioijnrii are indiraled in the figtine, Eac'h web Tcrmher hii^ two angles 

coiuiucted to a ^ ia-in. betwi'^ii tbem, 
and HI the rivets nre in dnubte shear; the 
enmbini^t thirknKHH of thE» anglws oXeMibt 
ths pbite tblebiess, so that the tatter deter- 
mines the lieming value. From the Eahle^^. 
the douhSn-zihE'nr ValiK^ of one 3 ' 4 -in. 
hf 13,2^, and the Ijesiritipt VulLie h fI,3S0; 
the hitter is the limiling value^ ?inw it is 
smaller- The nnmlM^ns of ri™tii reftuin.^d in 
the cbagoliab uJi^ Ifl^QOO -£- l\380 = 2 and 
20,000 fl,3S0 = 3^ as shown. Tu a bot- 
tom-rhord joint, where there is no eKternaJ 
load, tire Vurtieal romponclits of the Wch 
meiiLbers biilanee each othe^^ but their hor- 
Uontal (‘oniponenta may a^'euniulate, ihi^ir 
algebraic sum iHiuiiLLng the differeiiee in 
ntresH in the two horixontal chord mend^ers. 

If Ih-^ but tom chord wore nmde rnniiiiiiotes, 
the I0,<XX5 Htreafi would from one pymel to the other through the aiigte:^ jind rivE^bs 
w'Quld be nNiLiire<i merely for the Imknre of t30,000 — 40,000 « 20,1)01}, When the 
EinglEsq are spliewl shown* part of the 40,000 may be carried t€ the ndtef ehurd angles 
by matUfi of a pLiite w hich s^plicea the outstanding h^, the rest being takeu by rivet* 
w^hieh connect the angEefl to the pu^t plate, at least enough tannic cuanf in tlio left- 
hand angk'^ to take the j^tn^tTi which cerdi-s through tlie jtlile from the web lucmbenq, 
™., 20,i»0. The splice plate Ulny be a ^jiantte plate but nwinr ofU'n RTve? tiUo ei 8 
a eonneetion ptate for boltom-cbi>rd bracing. The rivets in the sphee plate urr in yjngle 
ifitiLiar, and the sdiiiar valm^ of one rtvcl is 0,ti30+ which goveriw, dnee it w less- than the 
beariDg %"alue hi thi* plate; if four rivets were lua-d in each pair of angk^t, ihiis wauld 
urruuEit for 20,300 of the stresH in each member Evi'u if nvire rivet.^ were usrtl in fnie- 
half, they cotdd nut hr i^kunUal, for the alresn lOirriE'd dinHdi_v ffinu one myniber to ihe 
other can fNe no greater than the w^eaher cotiULaztion; thbi dia^ Eiot apply to the rivets 
in the giLsot t plate bta^auw other furrew are involved. Thu nundn^r njfjuJrwJ to coim^M 
the ?irin- anglb's to thE> plate is ^ 9,3S0 *» 4, and lo cuiLniaTt Iht! 

Eiuglcs (40,000 - 2ii,500> 4- = 2, ItkiIIl btdng iimitiHi by the licaring value 

in thi^ plale- 

2. Bifim. To find the nunit)rr of Jji-in. rivets requirt^ to eonneri n 10-21 to i]w 
W'rb ef a 12-83, as shown in Fig. 11, if the nuisiniani end reartioti of the Ifl-m. laiam 

20,CMXl lb, unit stn^sH^ in (lounil.H per faiunre inch 
tn-inj; ti’M'd os 13^000 slu^ar, 22,000 tx'Eiring in sini^le 
’^llrar^ and 40,000 bearing in double shi'ar. ^'onnsn'- 
limiH such us i\m are stftnLbrdi™J for usual ceudl- 
Eionje, and iIk^ safe haidn of stnndanl angles are given 
in the Eahitw; often special I'OEinerthKns nmat toj dc^ 
siKiied, and ihuE preblnxn illustrates the inctliLKl. Twt? 

an^i-^ would be itSL-d like the ^jEainhird. The shop 
riwis connecting I he angliis to the web of tbc 10-in. 
lit'uni Eire in iluuhle shear; the shear VJiEue of om‘ rivel i* 18,040, and the Ewr-aruiK ^k^luc 
in the 0.24-Ln. web U 8,100; ihe ruinibiir requin^^l is 20,000 4- 8,400 =* 3. The rivets 
CH>En]erting tht! angW t 4 > thi" web of the 12-in. bi'-am are in single sln^r; tlic shear 
Value is 0,020 which Ls less llian the lieariiiK value 111 llie aiiglc^*; the nuinlier of 
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r^Quir^ k 20,000 + 0^020 « 3. In i^iK IQ^m. beam k conneclnl 

on the Qpponte sid42 of thjfi 12-iii, beam by tht saiiw liveta tua mdicaljetj by tbe dotted 
liQtss, the land is douhlfNln tin? rjvutn are in dnubfi- hIwqj; tlie bearing^ vnJyo pf one 
rivet in the O.iW web is 17^300^ whleli ii Jrate than lln? doubktHniiivLr value; the number 
of Hvetfi is 2 X 20,000 + 17,300 ■■ 3^ d beiuf^ui^xi for fsjTnmeHy. 

Eccentric Coimectioa^ A eonneotinn which has eory^iderable tendeney to rotate k 
ewentric, and the rivet stresses duo to Jntimj-nt are often lEkTRor than tbofc dila to ibi* 
diT^ load. CoruiL^tion angles are treated bw ecrootric eciMuirtiuns only when thii rivijis 
art? farther from the barks of the otiglea than the iistui] distances. The nwts are 
not equally cHeetlw m resiPibg rotadon, but those furthi^t from the eepler of rotation 
are stre^d moril. It is usual to aa^iuie ibo number and the spacing of the rivets and 
then det4imiiiu? whether the rouditions are most saiyfaetorily met or wk-ther the number 
or spacing of Lhe rivets shuiild be modified. No rule can he jpwn to aid the des^lgner in 
making bis firat ai^^umption, but each trial serviwi or a guide for subsequent trials. 

Theory of Eccentric Connectigns- Tlio theory is howi^i on making the aJgebrale siuu 
of the mommita of the stn^j^aes in tb? rivets equul to the monii>[kl of the force or forci?a to 

be resisted^ the moinents being taken about tJie center of 
rotation. For cotiwnienre, the method is modified oo that 
moments may be token abinit the center of gravity at 
the group of rivetjf„ for the lever arms are tiiorq eutiH* de- 
tennmed. In Fig- 12^ let c be the eccentridty of the "fora 
P froni G ibe center of gra\*ity of the Kn:mp of ri%eteand 
R the center of rotation 1ciES!ite<l an u^ouwn dManre k 
from G measured perpendirnUriy to tbs force F and on tb' 
opposite side of Gr For any rivetj let xand y represent the 
horizontal and vertical coordlnatea frum G and i the cor¬ 
responding dirtanoc from R. If k the resultant stress 
iin a rivet at unit dirtauee from /f, the riTaiilLiiiit Ht.n]Hie in 
tbi* rivtit at t dktanijc in Ex arting normal to tk? line from 
ff to the rivet L By pimilar right triangle^, the AorijKrNl^ 
component of the strew Et k and the vertical com¬ 
ponent k Eik ± x). [f rbo riveta reskuid rotation only, 
the center of rotation weM cmucidc with the cenUT of gravity, aruJ by HimiLar triangles 
thi‘ vertical eoiu|ioiinnt of the bLkw would be Ei; the re*t of the vertical compoTK‘ni 
Ek hap to do with supporting ibn Inoil as in a concentric cnnnectiuu; it k constant fur 
all tho rivets of a connection and i?qual to P/M, where M k the tola! number of riveU. 
The moment of the resullaat stniHa Ei almut E k Ez-, and ibe mm of hJJ such momenta 
must equal the momml of the force P'^ thus^ 



From t he figure^ 


SFv" - Pik + e) 

z"- (k±x)5 +V 


and fflncn E k conatont, wg have 

ZEit:k ±x)^ + - m- + s] 

+ W = Pk + Pt 

But lEk = P; hence, ZMk^ caitrt^k Fk; Sx - o, stnee G Is at the centw of gravltv: 
hi^nce^ ^2Ekx » (1, and 

Pf 


+ZEjr - Ft 


□r E 


tt* + Ss» 
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TTie cHttal rivet ia thn tifw f^rthc'^l frthin ll»v center -uf mtation, and the mdi^iruum 
Htn_«»s r ^ found frcun Th& two cemponi^fitj .^bculJ nut ttw- limitinip vnlui^ r 

of one as doti^riiiined in I ho imial msmiHir, Tht critical rivet t ho one at b mtixi- 
toiun d^tance Em from R, and ltd wurdinntj*^ x» and trum G are usually hnl nrht 
HHSpa»rily ih- maximum valui-v of x and The hodfcinlai component of tbu jctnjw 
on iW mnxiiDxnii rivet is Eif^, and ihe vertical component fw tbe aum of Exm and P/iW 
If the rivets are in a nngle vertical line, r becomes Jfittftj and the problem is sonu-wbat 
aimplilied^ but the P/AT pnit of thi? veiticaJ component muHi be considered. 


IlEufltntire PfobleoL Dws the amaji^-mctit of rivets nhown in Fi|^. 13 eatiisfy the 
conditions^ if the filLowed unit stress In sbssar is t3,fi00 psii? The renter of ETBvity ts 
midway between the two rentrBl rivoie. The v^ilue of j ia 354 
for cuoh riVEi^ and the vahje of t/ Is ieio for two central 
riyetflp S for the four outer rivets, and 4 for the remBiniiii? four. 

Ttte expre^nn for E ia 


E 


20,000 X 10 


= 505 


10 X (2Ji)* + 4(4* ^ S*) 

HoriEontnl rompoEient of stress in criUcal rivet « 

Ei/m = 505 X S - 4.0t0 

= 505 X - t,m 

Vertidul eomponent of stress in criticni rivet -= 


1,300 + 


ID 


- a,3uo 



The resultant stress is 5,270, which la conriderahly less than 
t"^ 3,900 limiting value in mogle sbeur. The EpadtiK of the 
rivets tfiight be redured if dedred# If two riveLs wE?re recifiuved, ull expresuoni would 

T L j c. 20,000 X 10 . L . 

i>e ctiaugeii; thus, h =■ ; fhe horizontaJ cymporwrit is ^ X 


$ X {2^]^ + 4(2' + e*j ' 
C ** 5,450^ tiw vertical component^ E X 2J^ + 
obviously woukJ exceed the 3,000 bIIowt^I, 


20,000 

S 


5,000; and tbe resultjint 


Rivets in Tenaioa, El is often expedient to Pubjiript rivets to ti-nnile strew^s, tvi-n 
agaJiiat the judgment of ih>me ensdnrere. They have felt that the iiutiB] ntniwes causal 
by shrinkage during eoolLni^ acid imough t« the calculated tension to oatiM! the heads to 
pull off. Tcflta show, however, that little troubfo is experifneed front fuEFrixed hcaib). 
nnd flatten*:^ rivets noaJ not hv used in tenrion. TcaIjr Ehow that the imtiBl tonskin does 
not infrhJBse ibe total stress uo additional stret^s due to applied Euad w ri'^stt’red 

Until after the load c^qiialE i ta^ iiutkal tfinrinn. Thp p^(J'P^'r unit stress to allow for tension 
depi-nds upon the lypii of cuiiheetion and ujmii the Juilpncni of the designer, but for 
motet work: it appears that Lhe tensile atn'tigth of a rivet can be conridered et^iial to thr* 
ringie-ehear viilue. 

Flattened and Countersunk Rivets. It is ofti'ti !HMx=rswary to tint ten rivtjtbeadA to 

or in. in hi-ight in order to furiibh eh'aranre fur cn^eUng otlii'r nieinbt-rs. Usimlly 
a flattened rivet may \k conriden.^d ns Htrutig ss zui ordittaty' Iiutton-hifuli'il riwt unkw 
it m i^ubjeeted to tension. Countersunk rivcLt □H'd wEa^re projreting heads woolrl 
inli^rfere with Finooth hearing or with erection.. The holes an' maoiE'd »ut for the fonieaJ 
headE of the riveta. The bt^nds may not fit (hr n.^a.iiiid huh'# exactly and they iruiy have 
to b€* chipped off if Hmootli Uaring is roquiifd. Countersunk rivets an* somi'llniiM 
counted as full value in shear and iilso in heariog if the pkt4^ is thick enough to allow 
the shank to h™- the necepsarj' amount. 
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srcEi. design: 


Eccentric Cnnnecticns W^icli IhTAlve Tenaion. Although it i» to uvuid (he 

uw of rivistH in tension wheuevvr ptiMribliv itujrr ««> enM-s wIm-h- ihtnr wo b) jiisti&^L 
In lh«‘ hmrki-i shown in Fig. I-I, lb' rivetn whtfh rr>nih«l to ib- supporting mlunin un- 

subja-etiil lo ii'iuinn us UT'II ns Mlu>ni-. Thu o'niw of fo* 
(Btion nwy he iaIkh ot tiu* hotinin rivet*, atibough thL< 
» sonu'titiiPF iok*'n utuMieventh of ihi> dvptli of thi’ 
(■rttukul ufKivv iht' Jowur iiIki', Thi* uppi-rmtint rivrto 

uw suhjocusl to lb' Krontusi luimiuii /, nnil mtemtif- 
diutv rivei* native pmportibnntc ninuunts tu/Y. Thu 
emu uf ib' muiui nL* cif ihr tensilu stn-ssea in thu livut* 
must equal thu ueuentriu tnunu'nl Pr. For two rows 



of livelit BS shown, 2 ^^ ^ p * Ps, or < - Pr}'/ 22 ,tf’ 

Thu sb'iuiiig ftruM in each rivet k i — P/*V, wb'n; ,V 
ia lb' totft] nuutb'r of livuls in both rows. The F of lb> 
ttntieai rivet# iiitenuii of .Vand thu rivet piteh p ia - J^iA' _ tip. Thu «>nera] uspn«- 

rion for the mm of squans te (1* + 2^ + 3* - nSl = + lU2n + |) For two 

rt,w«ofrivut# A' - 2(0 + IJ. wbnrr >y - li.AfA - IKA_ 2)^. Thu,wud forrouta 


for total tension due to cuuihinnd teiision and shear w T ^ 4. f! 

Miitution, we hnd thu nmxiniuni total tensile (stru-ss in eaeh rriticul rivet to Va* 


Hy siiljt* 


T 


P r 3f 
A L(.V - Dp 





I 


This ituudmum rtnwe shoidd not exceed the singtiwdiLwr value of one rivet 

Welding. Furinn wuldiuK in steel etraetufx^ is nllowed by most ™J«, as » aubsti- 
tute for nvetlng. ti\ elding done !>.v wyneulylune torch or by ch-etrir nre tla> biter 
being mom eomnioo. Dimel «r altun.ating eur„.„, fa heing formed he- 
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(A) Filial Welds 
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tw«^ ^ meinl to be weldr'd auting aa uluutr.aie, and tb- fusion steel wim in 
a emtable holder, act mg as the other; the heat from tb- mu fuses Ihe wire to font, thu 
weld and abo fus.'s the Uae metal enough to ensmu adb-rion. Tb' «1 r.^ or ends nf 
two pbto cm. be ,o,»^J Bush hy a huH mrid, as shown in Fig. 15«; if ,be plates am mom 
than m. tbck, om- or Imth n.iist b- bevel,sJ to niak.. a ringie V nr double V in order 
to ia™il uomplete r«-i"it. A lap joint or a u,mn«tion of two pku., at right angles is 
niadv with a jSfM svM, as shown in Fig. 15h A pinp ,r«M « i,v ,veldiiig through a 
hole puneW m one of tb* two bp|aa| „1al.e. eoimerttd, and rimilarh- a .fof Zhli^ nwl.‘ 
by welding through a slot cut m one plate. A Wiki .«Jd fe a small weld nuule to hold 
u.smpoiK'nt parts of a Uiumb r f<-«elh.T. Ii, strueloml Werk, the fiilut We|r| is the most 
vonmioo- The thT.>.U of a Rllet weld is the altitude of tile isom^il™ triangle forming ti,e 

• XdM,.u< f„„, . dioikr by W. H. M Csstr, p««..ber IIWB. 
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Wt'ld, and ibp JW« u ihe width of contact with tach pnil (tonnoetoci, aa abown in Fig. 10, 
Tht! lliraAt of a bnlt wvlil in equal to [h*- thickncaa nf thii thiimL-r |«rt mnnccted, and 
tlu< aizc is w|ual to the throat. The ItiigUi of welit ia ■nca-tun'd atung the intowetlion of 
the anrfarra conucolcd. A weld is dcaijjtnatod h.v ita aiao and its length ami m deidgih'd 
nccottJingly. Additkpnai metlU is af tnn dopwited in a weld to ensure the devolnpajont of 
t|ii> ri?quinHJ scctiDu; this cat™ mi-fa] ts caHiisi reinfemement. 

Strength of Welded Joiata. The i-Footivc tin.-a uf a welded ioiot Ja ib*. prudurt of 
the thrr«t and the length. The unit stresses recommended by the AmeHoan Welding 
Society in a butt weld an* 20,(XX) ui temnun or eoinpnevtnn and 13,QCX) in idicar, atu] in n 
flilet weld 13,600 shear. fillet weld is usiutIJy plarvd along the »des of the part coo- 
neett^ so that tbi< welrj acts ui shear, or at the end uf the part eonneeted su that one-half 
art* in eith«-r itMinion or compressitin awl the other hidf in shear; the unit jtiress in sliear 
is thus the detertnining factor. The strength of the weld per linear inch is the unil 
stress in «b-ar tinii-i the throat; in the usual equal-h-ggei] filler weld the thmat is 0,707 
times the nominal aiw,! of the weld. The strefigth of a ?ta-ftllet weld is 13,600 K 0,707 x 
?lie = 3,000 tb per lin in. The strengths of other si^esare pruportiomd, a diffuionee td 
1.200 for each eighth or ISOO for each sixteent h. TIm. sixe of the fillet weld along tlu' edtp- 
of a plate or toe uf an angle should iwially be .h« in. lem than tb> nnmina] thickness nf 
plate or angle end or along the tru! of an angle thn-e-quarters of the thicknese, aiihnugh 
in W>me easca the weld can be buil t up to ibi' full thickness. A ha-tn. weld is usually 
considered the largest that can be nisdc with a stingle paw of tk- electrodH', 

Design of Welded Connectioas. The miat niuuk-r of inchi-e of weld n-qidred to con¬ 
nect mil.- memhur nr part to another is found by dividing the total stress to be earrii'd 
by the strength of the weld pur tinear inch. Tk* disiiibutioc of the weld dejiuads upttti 
tht- type of connection and the available .ipace, but so far ns feasiblle it should k> ar¬ 
ranged to avoid wnindaiy stress or a londeney to twist. A scat angle should be con¬ 
nected at both nnrlfi s^-nunclrically. with or without welding along tlut Jower A 

trujw member or bracing member rtiroptwed of one or two angles should Ih) oonm-cti-d 
so that the Center of gravity of n'eMlug enincides with lie eenter of Kraviiy nf ik> nK'iu- 
ber, most of the weld being placed alotig tk- barks of the angles. The length is usually 
vjsprpssrd in QUnjlcrH of an inch. 


lUugtratiffe Problems. L A>df. To tf K 4 X 3^ wat anek to tht^ 

fact lyf a mUimn to sup^wrt a bc^rn an omJ rfiic-tion of ^,000 lb. if a 
fiUpt Wi4d at 3.000 lb pvr in. ifi tbp Eatnl k^iiiEl]i tif 19 30.000 -=- h^OGO ^ 10 

in. lilithpr 5 in. ean ptiiftMi at end, or 3 in. at PBfb end amf 4 in. ni t\i> botluni 



iFio. 17 



Flfi. IS 


2 . TrtfM Aiiiflt. To txjnneel a 6 X 4 X anglp to a (jlate for a sin?te of 

00,000 lb. rioQiE a H wtild wlikh % of (ho hi thjf^ltness, tb? tcital Icni^th m,Wo -*■ 
3.000 - lb**. The ionjter leg; hi uaoally ronnectod, und the oentor nf (p^uviiyiL^ l.tm 
from Ihp htiek of the abiartpr JeR. Tbi lenRtli je praporttotinl »fj tbug IfiJ^ x I .UV/11 
54 i# plac ed aioni: the tot? aial the bulanee 11 4 along (Jiy fciork yf the nncle 
Fir. IS.) - ' 










6-26 


fiTEEL D£d]ax 



£cc«[iiuic Welds. A WL^kJ which has a ttMiilttiqi-v |j> twi^t m Ln Fer. b& irKiM:kH 

JkB JUdumtHi k'DL^h L. The* vcrlicoi jrHrr Linnar luirh uf wijilij P/L, luird 

the hnriiontaJi tromponent U foiind by disHrlinjE thi- maiTK-nf by thp 

niCHiuIiu cJ a n-rtariKltv Tht' n-suhont nf th+sip two ijojn- 
[KiniMite luUf^l 1101 rSL'ml Uh' allowed Ktreni^h of the Piao ireld Xo be 
ustd. A dioi^niiiL for the dinvi determiriatirth of Thi' len^h in lenTW 
of constojits found by divklini^ P by tbo AlrEinj^th of wt^ki pan bo 
eoiL*t meted by anyuiHj who hAsfrpquLni tuwd^ 

RIVETED GIRDERS 

End-comi'eoltioii Aiig;le$. The ic^iiiiiPotiEin of n iprdtr to iJu? face of 
a mpportin^ eottmm or pprder by noeatia of ronneetion acglejjt w like 
Ji beam pottntotiem, oxoept ihai thf" coohcction angltfl an? not in con- 
UlPt with lhj& Web hqt an* is^panLtod ffOin it by tlu^ %'orlical h-gn of 
tbo flange aDgki& atwi by flIlpTs of tb«? jsmp iMckne^. The dveta 
which pawi througli both conoeetJon angles and flangn onglpa an? 
mujolly fully developed Ln tran^niUtiiig fluiigi' b 5 e^lained Later; ao it In wt«II 

not to count upon them to carry^ part of ib^ livjlica] nFoelion. The rivet* which tiajw 
thrnugb loose filled art not so effective as those which coniu:!ct parts in dkert contact, 
for the parte art more liable to slide and to bem;! the riveifl. x^pc'Ctflcatiooif commonly 
fi'<]iiinr> ilntt, if rivets parrying Jrtrt-M pa*s thrr^ugh Glbts, the fillers shujl be extended 
Ijeyonrj the connecled member, and tJie extension st?c;urvd by enough additiunaJ riveta 
to develop the valite of the Gller. The nuju^ 
licr of rivets in the aryiLM^ not counting 
those throLjKh the flange sngleA, h deter- 
muked by the donblc-shfiar vidiiCf and the 
totaJ number In the anjiiJeK and fillers is at 
leant tbi? number dclermined by tbe bearing 
value in the web. This pmviiles for no in- 
creafe in number beyond ihese which wouJd 
if the fillers did not extend beyond 
iht aogU^H but the arrangement is better 
becaiifie tbu fillers art'; fnsteneti to thus wtb 
and the livelji an? Ies*a liable to bend. The 
extra rivets on? placed opposite soma of the 
rivets Ln Ehc eomuNTtion angh^s^ UHUally 
at the top and bottoni and arrangiid 
symmetriptdly. 

lUuatntive Ptohlem. Ta find the num- 
iM'r of nvets reciuifed to cOfimict thi’ 

cocincelioD angk-i to the gtrdor shown En Fig. 20, if the maxiniunk rpnetion 
tifi.tlOU ib iind the unit stri^'t^ are shi^ur and 40,{XXl bearing. 



Number required in determined by double shear ..fi5,000 + 13,2.50 - 

NumlM?r MKiiiircd m ar^mand fillers, determined by bearing in jffi'web 


^ fio.OOO + 0,3S0- 

Rj Vets in Dilera eulsnik! of ..... 7 ^ 5 « 

Three are UMsd. ^ sho«.-n, to prnVhie esw^ unJ to^implJfy spacing 
Number requirwl in nulsLanding legs, dcterminisl by single phear fifi.om 4 - B.txM) = 


5 

7 

2 

to 


End^BtifloniDg Angles. S\ lM?n a girtler rest* on a supporting cdlumn, a pedi-^tal, or 
masnmyp the plv-aring itn-ew?ti in the web plate are transmitterl to the support by means 
of cml^itilTemnK migles or stiffem-m, an as columiw refrtridnwj in ono di- 
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hy tbp web, but thw la not an important factar, tincti thr from tho weh 

An* mmul&tiTU ttiroiigh the rivet a And roarh the full ^wl onJy at the Ixvtmm rivrt. Hui 
rntirv Fmr-tmn in tranninUted thrau|i^b tb' bearing of the fetitfemu^ aojjk^ on the out- 
Htaiuiins k>An of the flhinjjx* ttngk^it. The required hearickg flri*a is fouml by diviilini; the 
maetjen hy the allowed unil atn*®^ in k-nrinn^^ thin h tb^; fukint aa the bt^arinic viklue 
allowerl for nyet& in single ^bt^r unlese a iHfTeretit value ip Reified. Sinw the einls of 
tht> atiffeneni mupt bt' cut to cliiar iht curvid fiiltiia of the fiange angiten^ this portion 
cannot W counted in bearing. beenuFe cciutaet cannot be afljnired; and tivtm if it eould, 
tbe btiarinK on a eumd ^rface w'OLiid not Itc eHective. The mdius of Lhii dange-angle 
filhts J^iu- in, for 8 X 8id}: so unless the E^iifTerMirH are tbiekiT thjm tbifl amount, 
no part nf tb* weh k'gs can bo counted. The web h$^ afe 3, 3)4, or 4 in., unJujE a double 
row of riveta la tequireil; t|wo tt-in. legp are iLmd. The oittAtanding legs are uHually the 
largest eommt'rdal idit? w^hkh will not extend the llaitgo angbs^ but sometimes 

the same stjit+ is ustd ovm though the leg? project beyond ibit fkngi^ angles or bavo to be 
planed off. Xo port of rhe stiffem^ni which may project bt^yond the fhtnge angles can 
he counted in b'ltrLtig. The thicknefm of the sttffenenf must hs aiiSiiHent to givi^ the re¬ 
quired effective area; the mimmum thickuefia is or one-( wclfth the length of the 

outstanding leg. Stiffeners ate usiftl In pairw^ more thtui one pair lining ijiH?d if nceesaiaty. 



Fim. 31 


The outAtandmg kgs am fdaeed at the eeutcr of iK^ating preferably, as In Fig. 2l n or h. 
^mi*tunes they are plaecd at thi:! extreme end of the girder, aa in c, but full Ijcaiing ran- 
not be aAsureni with ordinal;}’ ahop methods. When two jiairs of silOencrs are pluced at 
Opposite ends of the: bearing plate^ ly^ in dy the distribution of stm-HL m prohlematLcal: 
owing to the deflection of the girder, the inner pair b- often awiuna-d to take twtri^ as niucb 
of tho maetion oe the pair at the extreme end- 

Tho num^r of livets is tietejmmed as for DndH:nricijeetionff angles. The Gllenr are 
made to extend outd^de the irtjffeneia to provide for addit jotiiiJ rows of ri%"ets: thev are 
usually cut to alkiw Id!~b3- cloaraiicc! at each end. It is CfitntiioiJ peart ice to maintain 
the sazta* vertical spacing tlimughout iht liftigEh of the girder^ if the web is to be spliced, 
it in desirable to huw rlijBer spiudng ihiir the fhtngs angles than in the cehtml portian,. 
becaujie I he riveta In tlte spbcv plates ore niun^ effective when farther from the neutral 
axis. 

Dlufltrativa Problem. To dejfigii the uiid stiffenen for the girder shewn in F'ig. 22, jj 
the ntaximuni rettedon Is 300,000 lb and the uidi HtrHasfM'rf ore 13,5(10 shisir, 24,ODO 
bearing (idtigle shear), and 30.000 fH-anng (double shear). [^si> T^4il rivets. Fur 
6-in, fiiingi? angles, we firrit tr>' stiUeriers, using 5 X 3)4^ The effective length 
of bearing for ons (oiir of angles is 2(5 — jlf) ~ Up and the thiekne^ required Ls 360,000 
’S (9 X 24,000) - PHa- with two pairs, the tbiekneos exeecdn ibe Ji-m. 
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iii 4 TP(intiiin punching, but part nf the wi'b leg enn be MMintedj the cflfedti w areft of 

E^eli aiLgli" ifl 3^^ X S'i Ie«s Lhiin the ^ys& nira thus, ^(/l — 3i^ X .^^2’4,000 « 

3tKI,0(A MrlH?ncc A m b.BO. Two pniri of S X 3!’j X % JmgJes< tbk irnpli^ 

thiLt the xHIfeners are njl in ^eli n umiUH-r thut I he reimtiiiich^r of the web wilil 
tLelually bi'^r. Thv niiiTkber of riwls ref|ujnNl in iht^ not eounHng thw iho^b 

thi' angles^ w + lt>^24Q • delrirtiiuHNi by liouble The iiunib^T 

it*C|U.ire<l in the angltw and tihet^ 3410,(1100 -t- 11 ^4Si) ■ 32p disternitneil by the bearing 
in Lju? T' jfl-ln- web. WKh the si me tui uiKmt of riveta in efl oh pair of an^cs, at least 


rrr 



24^ or 12 m eflch pAir, mtiit bo U"5»d; na a tnatter of detuil, it ts biittur iq me an odd num- 
Iwr^ and m 13 are u^ed, whieh Hllowf> the omisiion of aitoEnate riveta in the irittetidial 
hlkiHi and intornwHliale aliffenorw while aymniDlrkBl apaeinjE i* atill maintjiined^ so thul 
the i?iijfoiiorB are Lntorehatii^abh! inflieAtl of being nghta und If the web plate 

tu be splieed, it w deamtiblo to place the riveli! ohacr togi^thor near tho fhtnge Jingles 
than in tlia cenlral portion, ki that the sanie wrtiMil Ei^paring can be ijiod a* in the 
splicea where tJie rivets farthest from Lhe neutral ujm are. mwl effective, as eKpkinetl 
later. The final spiiehig Is Mhowo in the figure. 


Intertnediite StiffeDing Angles^ ^'^tifFeni^m with hllera are uiiMlhJ at puints of con¬ 
centration lo transmit the loads lo the wob. HtiffonorR with fillers or ejrlniped stifieti^ 
t?rs w-ilhout fillerf* are tiH?d at other points uf dei^pfir jpnlers to stltTen the Wi^h plate 
agflirert buekhiiK wla'ii the clear vertical dtstauce between flange anglt-s exceeds fiO <or 
70) Limes the wi.^b ihidfiTM'aH. Thi* apadng of Intertnediati^ stifTcners in tta- ch^r 
shoLdd nut ojtei'ed 7 ft or iht* distance in inches determined by a furiuula In the 

Fpeelficntion-H. m, for estample, — ^ ^ ^ which I Is the w'eb thickiu*^, in., and v tho 

Ve 

«hpftr intensity, psi, found by dividing ila? shear fnr the section under oonrideration by 
the: gross area nf the wl4j plater ^londard a^igles with mH^ual k^gs are usetl, with the 
ontslamling longer legfs one. or two wies I™ than tho mitstanjdijig legs af thti flnnge angles^ 
the minimum allowed thickness is usually suSidetiL The rivets line up with ibw in 
the end stiffeners, but alteimitte riveU may be omitled U the resulting j^cc» do not o%- 
cecti eight tiiut^ the diameter of the rivetenh ^tLfienc’TS which support eunceutrated 
kiads must be cut to fit the tup fiangi- angles and diNOgncd for bearing if the load U'Sts 
Upon thfr angles- Similarly, Ailfeners at the intermediate reactions of cantilever girders 
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umsit bu cut to hear at the bcittcui. W'b-ii ihe concrntniiL'd Ifiadff an? f^caiuretcd to ihi.'* 
putucandinij k-|pi of the Fiiffefn^rw huarin^ tii iifll but cui extru ujikIc may be 

iti£^ (ju atiu or both tdcLm of t.hi" if the number nf rivi't* ri't^uin* it. Lii]oiMh*ti 

iplernufitiatc- eliffem-rji are of ten cut with rlenmnce at eac'h end- 

Web Splices, The web pinte? df nit bul the shorter Ijtale pirdcm mun Ije Fpliced, 
for du" widiT plnti^ Etre oot ruddl'd fTHUigh to uxteiid the entin." feiLf^h, and for 
eonvuidicDt bundiini; no nitigle plate t^houlil wrij£h oir'rr 3,0rtn 1b. Thr ftan^ ajiKki* 
UFUAlly extend full knKih. When more than tfptiee te tht^y are Fpw«\=4 -lyjii- 

meLriciilly about the renter line; ihi^ nphiv ftir nut-XtEOum w tlirfuginil &wvi, and 

the Dthi'^r j^p]i(?f.'fl^ nre UfiiiaJly miiile like it. .4 pplico bi preferaldy localed under a pair 
of irtiffemire; the an^lej? t^Lsffeii the ^pltce, tb'o*- £h om^ les? line uF rivetii to be firivun, uitrl 
mc^Lal \k staved by thi- iwe^ nif thinner dUenp, A /w^]e pwr of splice plates may be tie- 
to provide bntb shiar and mnineiit requirements, hut in r^>me of thf fca-avier 
(nrderw a jsoir nf plaU'i' if placed m-ar eaeli fialif!e to I rfULKlnit duf t{» iH'lldinjJ 

moment, iknd snoihi'T pair b? placed brtwivu ihca't lo transmit the stresses dm' to shear, 
in order to develop fully the web plate in shear, the gTi:iR5 aji-^a of the two .^ipliiv plntt^ 
niiist equal or evwed the grrws an^a of the w'ch plato; this conditik^iii wdll bo met adiciq 
in order fully to develop thi; web plate in moment, ttu^ H-rtion modulits of thl^ two splice 
plated equals or oseeod^ the sect ion niodulmi of I he wob plate; thus, the .-qiiai-L- nf the 
depth of the spliri: platens multiplied by their rombined thickniiSK must not U- les.-^ than 
the SQuaie of the depth of the web pkte multiplied by its thickm^jw- Thu thickra'ss yf 
i^ch spliK platir fflupt not be les® than the miniuium thickm^-^ of metal allowed by tip? 
specificationii, lisually f i or in. 

Tw'o tn four it™s of rivut*= afo tised on each side of tb' splice; tin- resultant shearing 
stress aetfl upward tk' tenter of mavity nf the livuts in one hidf, anti an ^-qual m- 
iultant HhewnnjC nr^ acU downward at the center of gravity of the in the other 

half; tlHTflC two foFci» form a nuuptc, one-half tk moment of which, a.^ well eu$ the dired 
muBt be resiBlid by tk- rivuta in eaeb half. Tb- riveiw in liach half must aIs^o 
rediit that iwrt of (he fieniiisxg moment carried by the widi plate, and this depends on 
ihE muthtxi uft^d in dofliEn ThcorTtirally, if llm miJnamL^-inertia n^^thoci u= mmh\, tk? 
k^nditig moment to In? n^i^tid bt^arw the aame rplation to the lotal kmdifijt mumi nt at 
ibe point of fipliee as the tiel momenl of inertia of (k w'eb plat*- hefirs to the nut moment 
of ItLirtiaof tk' whole cro?? MH.-I[an at (Itai ptunt; and if thi^ flanite-an'a method iB LUH.d, 
the kndinF iI^L■th^^d to be rt*flLsttd bears ik same ndaTion tn the total knding moment 
at the point of splico as om^^ighth the area of the web ht ai* to one-tdghEh tk- 
gross art^i of the web pliui the net rmta of the annh^ and cover plait* of mu- flange at 
that ;itnnL l! Is mora cunvutueTif and quite accurate to develop the w-eii plnte. Thus, 
miki tnomeni-ofdmrtia nK^thod, the numumt tobM-^ riL^isted isihenet mamunt of inertia 
of the wub ptalu timers the unit stre# m bending divirlid by i hu ilistann^ f™m ik mmtral 
axis lo the extmme fikr in the fkiige; and, iii tk flangp-arua mi thwl, the moment to bo 
w ohE-eighlh the ktom an-a nf tk web time* the unit ^t^w in bending TimK^ 
the L-ffiTtivu depth from dUEier to n^nter of gravity of the fktigt--*. The hori^ontnl 
ing betm'on ri%Tts n» usually 3 in. e.tei-pt (hat thu jnta-r n^ws an- pwraf^ai by twici? the 
gage liifltatiee of thi stifTemrST this allows ampln^ edge didiaiUT on the wub auRnamts and 
a spoci* (k^in. Three r\»w'e of rivets in i-aeh half are firwl so^uimni, with tki 

siparing the samo fts In ik eEid Mtiffenervi, and then th<**^ rfvi^ts an- tinted hy tk method 
of .™ntric conniM:lion.s .•xplaintd on p 0-22; if tk^ number Ln found t xeessit'e, alternato 
rivets Iiiav k- omit rtf I fmm uiie u»w, or an entire row^ imiy be cjmiTtofl and (ho splice 
for\-acb revision lUidt stress in the critieal rivet u just bf-lr^ the limiting 
value of one ris-et k^aring In the web. r^inc*- the riwls fi4-flr ila- arx^ mme uffeeiive 

in rewaGng moment tlian ikwi' m-ar thi^ neutnd it is liutlfv to m* a few 
nearfmeh flangpp unlrsj^ thni n^ulta in an exce«iive numlx'r in tk st iffeimni. 


&TEEL niS6TC3N 
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nitutrative Prolalflffl. Tii the wvh aplicv ai a sectioo for wborh Lho AhiAr it 

100,000 lb in (be for which tJw end stiffeners were de%mMl ea p. 0-27. 

rbiw mure or rivflt* in e«w’h b 4 Uf, shown b Fi 4 c. 23, the vtfrtiail ^ndng lifci? tMl in 
ihe end sliffenem- Assume iLat the prder was liesigncd hy the inMiMMit^f4nertm 
method and that two eoTer platca nn? iw;tiired in each ffan|[i> at the aectkin taken. 



F^ o . 23 


rJfjptb of fiptiee plfttea. i,*,. + * + *-.- ....72.S — 2(6 + }^) 

Thichnew (if each plate r^uired.... t72^ X Kh) ^ X (^^) 

Mmiiniiin thicknc^ spocibed... ^ 

EiCcciitHc momrat duo to ahear^ —...... |^ X 100,000(3 + 4+3) 

Cross / of web..... . . . ......... 

/ of Lotca 

I X H« X 2(0» + 12? + 18* + 22.5* + 25.5* + 28.3’ + 8**) 


60 b. 

H 

m(m b,4b 
13,610 


3.1JW 


Net / nf m«b. K ---* * * ............. 

_______CJ^X72.3) +(2X Ji) 

Monwnt naswu^ by weU pkie.,.///c - (18^000 X 10+30) + 37.6 
Cotnhioed nioment t& be rejisted.^..WQ.OOO + 6,020,000 
- (2 X 13 X 3*) + 0C(i® + 12= + 18^ + 22,^ 

+ 25.6' + 2S.S') 
^ 4- 15,070 

// cdrniKinent of atru^iH uu critical Hvet........ ..r..n.t .386 X 2S.6 

V componEot of stress on critjEad rivet 

(3645 X 3) + 100,000 (3 X 13) 

Ht^ullani sitvsaA. . . ....,.. + +»4,«»^ 4 4 ^ ^. -p p. ^ * I i.«+ + + H 4.» 


10+30 

37.5 

.5,(i204000 in.db 
5,520,000 in.-lb 

J5.0TO 

306 

10p4W 

3,880 

ilp050 


1'hia III Ieas Ihiin lUe Hp4S0 jillowed but not cnougli t^isas to re^luee the nuiuber of rivets. 


Separate Spike Plates. WTien the mngli? pair nf splice plau^ described on p. 5"2!il 
pw\w impanclical, ihm.- pains may be uml a* ahcncii in Fig^. 24. The plates near the 
fUn|;i? aii|d«s a^f dcadgned to cam' the hnnioiiTal miiv^st^ due to bending moxnetit^ and 
the inbTitipiliate plates to ciirn^ the shi-ar^ UmialSy a ck'amnee of K in- w left IwlWLvn 
the mnfTwnt and shear platca, and bolwecn the moment platen and ffah|^ anglca. The 
width and lenitih nf the plate# depend upon the iimnbrr and the spacing of the rivets. 
The vertical Hpnclng in the moment plalc« is usually 3 in.^ and thnst rows of rivets may 
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ajHumjed at firit. The reding moment of the ttro poim of mc.iiiQ£<nt plale# raimt 
cijual Dr the rvftiffting momi'nt of the nt-h pJate fii* p. 0-301. The disliinee 

from center lo center of spHee plfite 4 !i rfj isi m mueh hw Ettan the ejctrcnie depth £c w»s\ 
in the momeut-oNnerfiA method of limgn or 
the i^ft'Ctive depth dg iieed ia the flanpe^re* 
methuHl, thiil developed unit rrtresaif only 
dp,/2c or dt/dg of that used In the of 

the flanipeA. The n^btin^ moment of the two 
pai^ of moment platen is equal to the net 
ama of each pair of plaletf mijJtiplietl by the 
developed tmit atrow ami by tho lever ann 
of the couple d*. By equating this to the 
n>euting momenl of the web, the required 
OEil aa^ of one pair €if plali^s may be founds 
and the coffibinod ihlekue^ may be found 
by dividing this by the net width. No plate 
nhould be thicker than the dange anglii^^ the fhicknci^a may he n'diicrd by iiicieaaittg 
the width. The number of rivet# in eai'^h Imlf a pair of Hpjqre plati’# should be 8ufli- 
ciont to devcdop fully the tenalle etrength of I be platea neUvctfid at the same reduced 
unit strcM urtcd Lu their di'^gti. Tbi^se rivets may be phani op^xvidte one another 
sx'Kieaily (nuLking the plates shorter) or staggered (nuUcing the platofi thjJLEler)^ as Ix-st 
Piiila the coEidltlona. After the momi^nl plates are determifted, the central aihi-ar plates 
may be designed in tbu maniter of a einglo pair of splico plates except that the re^tinp; 
moment of the web heed not be added to the errootric moinenl due to shear. 

niustrative Problem. To design thiee pairs of splice plutes for the condition# gt^x-n in 
the pnsbteci on p. (5-30, Asaunie O-in- niOEiieiit plates with thr**? rows of rhrets, os 
shown in Fig. 25- 

Diatanco center lo writer of aplices.. di = 72^^ — 2(6 + j’i) — C* 

Extreme deptb, ^ ^ -.2r — 72)4 + 4 X f^ 

M Dincnt resisted by web plate, as found above... . ^+ 

To tbifl wa equato an exprc^ioD for the Existing rnomcnl of the splice 
platesi 

5i.a 

ISrOOO X X 5l.a X 2(0 - 3 X \)i 
75.0 

HiickhesH of each plale ^ ^^ ^ ^ ...../ 

Developed ntrength of Iphvtee. . 1S,(K)0 X X 2(tl — 3 X l)^H s 

10] ,000 

Xumber of K-in. rivet# in each half^ Ijearirig in Ho • - TTTST " ^ 

11 i.q-so 


■ 5J .0 in. 

- 75.0 In. 

» 5,020,000 in.-lb 

« 5,020,000 

- 

- 101,000 



Thw number of rivet# makefi a rather short plale, but plates with two taw^ would have 
to be thicker lhan the flange anglps; so the ehangp ts not umd^. Thn ilrpih of th& cenlral 
diffar plates ft’ould be -11.5 ■ 51.0 — 0 ^ 2 X H, and tint thiekric*i^ of each plate to 

3 72 X li t 

give a cross seetion equal to that of ihe web would be - ■ . In the ceutml 

o 2 X 41.6 


portion, ^a^ln. flllera w^oukl ["m added to iiuike up tiie toLal tliiekiici^ of the flangi^ angles^ 
the moment plates are nut enough thinner to ju-stify a sepairate flller^ so they would 
bf? uicncosed frotn LncrcJuse in (he EiU3til>rr of liveL# Wing neces^ry^ 

The %^rcical spneiog of the rivet# la mv^UOad aa shown in Fjg. 25 with ilue tt-ipird to 
symrcsftry and to the numi-MT rL=rf|Ujred in the stifleners (Fig. 22), and the #Erength of 



















6-32 


9 TEEI- PICSIGN 


ih? number vf lnv«sti|^ii^L *V\w rtT:itt*r iiF gravity of tlie riwtfl in half 

of Lbp ahruir jiLittvi bi LI » 3 X tmm ihv imier ruu.', 

Drir-hair tlijr reccntrit* irtonu^nl dii?- tu ^h^nr ...... .100,000(1.1 + 2) * h'?IO,000 

rx= +^i/^.4 X + 7 X + 401^ + IS-J + 2 X 12* - 1J51 

. . . . , . 310,000 

HnnsujnlaL i:^irnT:wifu''ni in mtiral nvrt.. 


J51 


VertEc^l poEiifHi'Eu.oiit ill ci-UicAl rivet, 


^1O,0CM> 


X M + 


X IB 
100.000 









1,751 11 

{Note ttkut the x of ttw eriliriU rivL't w imt the nm^dnmm value uf 2:,} 

Tim ntsultant of these romponentfi. fi.SSO, is k-w thafi 11,480, the value of a rivet lieoxiii^ 

in the web plate, but it w ould not lie 

f^^ble to tr;>' a sniaJkr number of TivfU lie- 
“"Ln faUHe the ^rparinjf; Would oKrced li in. 

, 

Flange Rivets. The livi^La ur wolds whioh 
rostoli tho ^ni{o iLtlgk-4 lo Lho wvb of a pktt.' 

ginitir Irorefniit tln^ stnH»ed from iho 

wi'h to the fkllge iinglLa uinl oover plato^i. 
Thif flangi- is rimiulative from thr point 
of zertj bending moment to the point of m&xi- 
uiiLEii lM?niiiiig moment, bul ibe rate of Increiise 

4 1 +l+j ja gn^Ater near the- cnik than near the «nter, 

El dS lH?cauw the inermpe in thp fiemiing moment ia 

gjfi'ater, it k impr&ctietiJ lo u«? different 

Hjmres throughout, it custoimiry to deter¬ 

mine the lonipturlinal spadni;, or "'piteh," re- 
Kio, quired at thi^ ouUt end of eaeh panel and to iwe 

that pitrh ThrouKhout thi’ panel, even thougl^i 
the mmiber of rtvetn Ls ihiL-; liirteased. The pitch is the looptudimil cliatance from 
fefitcr to eentiT of rii'i'bf, whether on a single line or daggered on two lintfl. U ia 
alwa>a ^hanpi'fl al point tif uppUeatinn of a cniiei’titratLHtJ Insoii (eseepl at th^* renter 
tif a a>TnnM‘Erieal pthderj ; if there is no unifurm load eseept the wiii^hi nf ihe fdnder, it ia 
hardly wort h w hile Ec etuuige tht^ pit eh bet ween pomta of tfiiiceiitrwtioii. If a girder 
au|jports additiorkal uniform loads or moviiig loads, the EJilch Lh ddcnEated at each pair 
of stiffeners or at dislan^rH^a apairt approximately cftiial to I he depth saf th** (cioier, prvf- 
erablv the depth Ix'iLwi.en rEvi^t IJoe^s. It is not so importani to ehmaK' the panels at 
definlEe |>olnts as it k to space I hi: livtda in aecordanre wdfh ihi' cidcLilatiHl pitchy. 
Thffctigh it ia on the siele of Safety to extend any pitch farther from the end than ii£xe«- 
sary, Ll should hi* n^aiufiMl that iMTttuse iif symuiptiy four extra rivets miM Ns drivifn 
for every extra ^para:^,. and lE^ extra hoh^ss nuisl be pnneht'd- The eonlrtdling faet^irn 
which ditermiiH* tIh‘ pltehi^^ of flinj;;? H^'eEa an?: ( 1 ) the furm of loading, (21 the appli¬ 
cation of ifii;' loads to thfc- W»‘h or to thr flange, (3) the OwthiMj tif fleHlgli, I4|l ihj^ depth 
h?lw^s'U riwl lliM, (51 Ehi' limiting value of taeh rivet, idl thi' sm-ngth of the w*eh pkte 
belwiH’n rivn.'la, and i7j> ihi' lO'iu^rai niJi^ whiirh goi'vrti livi't sparing. A pitch may 
haiNL! to bt? inta^astfd w'st to a stlffem-r in onier to pm^'idt: snJficicnt driving rleamiice, 
but otherwbe nn pileh sJinuLd exciH'ti tk- calculaNil ^aiue. 

Determinatioii of Rivet Pitch- H fjKufff. Thu i^qual and upiKwite ftang+' stR'j*sc?t* 
io (he top ami boltom flanges of n plate jd^der form a mupb, I he monu-nt of which 
i‘(pnkls the iM^nilijig moment, Since the strvMn^ are tmnsmitif'il from the web to the 
ftangk's through the rlveta, the hi Vet afin is 1 ^ 4110 ] to tin? di'pth tM-tWeell rivE?t liiu'sd^, the 
Tfe* *n depth being usetl wlwin there ore two tiru^ii in each Elangi^ l.e,, for ti X b aiigU-^ or 
lafgiiri more rivela an? thui^ Ji^^uirt'd ihan if they eouJd be plaentl at tbr cenE^im of 
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gmviLy of the whi^rf they wmild nion' effect iw. Tbi' increiaj in bt^ndicy^ 

mEnmeEht M ween two^urlturtf jjtequjil lo iht^ verti:efll jihi^ir V ojukiplied by the dL^lmin- 
betwwii iHi^ ihb' incri^afti' bi‘lwtH‘n om? liveL and the iR-xt is- iherefon.^ Vp. where 

p ip the [aiseh er liiripiiiihmifc dh<t^i3Ce betwijtip rivetai^ ati«l *he cc^nrti^paiiilua^ Lycrea^* tii 
jitriTtH is Vp/dj , iHirl of thtF HfUllP* strt^Ks ip R‘J^L‘^ted by I he w'l li, the JTi vetP 

tr&TiPniiE tbfily the mnwwridi-r lo the and covirr plutep; ihe ptreMi ranitpi by 

line rivi^, I he liniilinG vaIuj* ikT whirh r, I* found by niylEiplyitis the increa*? in 

per ri vet by the mlio whieli I lie Jiy^htanw of the aii4^WfcE ahd cover pliitea boars 
to ihp riwLitanee of the emjsW «svtr plates^ and wrb plate^ or 


wdieiifH? 


r 


P 


yp 

X ratio 
dr 

rdr 

y X raiio 


If dr taken in iMhcs, thn rb?sultLti|5 pilch p u in inehicw. 11 the girder ii desijtniNi by 
the momEitit-of-inertia m^ihnd^ iht* ratio ia ihe min rrhich the moatr^nt of inertur of tho 
nnK^ep nnij eovf?r plotea of MA flanges bears to tho momenl of inertia of the entire crow 
wetion including: the w'eb phile. If rhe ipHer h- by the ffiuige-iiRa mid hod, 

thtb ratio is the mEin whirh the lurva of the soifiks luiil cover pbites of ofic flangi^ bnai^ 
to thi? ana the aiigSes nnri cover plates of one flanKi* plus otwi-i'ight h lor E»ue^\th i of 
tbt^ Rrorys area of ihe web plate. These moment: of iru^rtia ot an-o^ may lx? taken for 
intber the net wction or the groN^ e^nMinn, ttccordinjf to which w'as uftid in the of 

the |si^d^^t. The iLifferenc*’ in iW pitches found by the ni't. section or by thir groT«s i<!iEH-tion 
bi not ipvat if consistent values are used. Where cover plate# are eut off to akIuci' the 
seetiEin, the ratio chanjp.'fl. but this rv^finement m usually disrvgstnJcd, provided that the 
tarf^sL ratio found from the largest R'^itiun i# U-ned. Moving load# shouJd be placiaj to 
give the jnaximuic shfw for cneh se ct inn. t'ilches are usually vxpresijetl to thit nE^arpiKT 
in., with a maximutn of Q in. 

DiustratiTe Problem. To find I he pilchi^H of Tfe-in. Hve^Es at 40,1X10 psi Ix^aring in thi^ 
SO-ft girilcr fHjniposed uf a 72 X WE^b, 4 L# (i X U X 2 covc^r plates 14 X 1 l/lti, 
and 2 cover pink's 14 X fi^p di'siKiit'd on p. 6-10. It wtiiRh.-. 3ti0 lb peril and supports 
three concenlmteil lofldft o| 145.000 lb. 

fjitnitiEkK value of oni‘ rivet besirirm in web .. r 13,100 3b 

fi, ... . .. ....72-5 - (2 X 2U} - 24 * Ii5.5 

iShear at end of first panel... . ..... . 217,500 + (360' X 25) = 22tS,B00 Ib 

^htsir lit md of second panel.. .... .220,500 — 145^000 — {30(1 X 12,5) ■■ 77,000 lb 
Total net f. _ .. - -. .. . .... * !U,7S0 in/ 

Not / of neh p[»te. .! l,ti(10 - (4,3.W X - il.OOO 

ftntio^ by rnmnEint-ofdnertia method.. .(84 h7J:S0 — ?),0!>0) ^ S4,7SD * O-SH 

IbiEio, bv flange-aren mEtliuil 

113.0 + (12 X l?ia)] ^ [13.0 -h £12 X 14^) + 3.4] - 0,Sy 

Pi tf-h in first panel..... (15,100 X 65-5) -i- (2211,500 X 0.S9) ** 4 3^4 in. 

Pitch in second panel. ... = = .(13,100 X 05.5) + £77,000 X Orffil'} * 0 in. max 

Determination of Rivet Piteh- l^iafls which nrst din-ctly ur indirectly 

on the top flange are transmitti.al to the wi^b ihriHiRh the rivets, subjevting thi'Jiji to 
n-rtical cHimpi>neiits as well iw the same horizoniaJ coinpcini^nt# which tlk^y w^ould have 
if the lofljd^ wcA* transmiliitl to the w'cb by other means; the a-suhaiiE stn-ss mosi nut 
exceed thi* limiting value r. B<>th cninptmrnis must be In ^^uivrdcnl units Ejefore ihe 
msiilliuit is takciu ihc sires* pt“r linear inch ladng most convenient- The rivet pitch in 
any fiaiifl La found by dividlnB I he vnJuc of one rivcl hy tin- n^sultant p<T linettr Inch, 
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Thi? hantonUH cmnpoiM'nt U V limrsi mlm/dr, whii^h varies with the shf&r. The vi^rtiEoJ 
«impQKi-ni 111 the tOjesR per inrb wbirb ivmU in ish^^-nr the riwls vi-rUeaily nad ia rc*n- 
jttant; it indudes Ih^ wriRhl nf the top-fUbnite tkng\m and unver pku-*, hbv rail, Boor, or 
othA'r dcfliJ Icad^ iwd the liv?* hmi- Weight^ of foiitinuous nmtoriAl per foot niay bo 
binod and divided by Vl; wejj^btsi of rails per yard may be divid^-d by 36; cnin^e-whtHd 
Inadfl may be coniqd<sn?d to he iJistfibuled by the rail and lop Baiinp^ uvi^r 30 in.; con- 
cetitratfMi obfline ioaiia may ho coiisidf!n?d In lie di-'dributed over tbr™ lie* (from 32 to 
36 in.), A tabular form inny be luied to ailvaoioisf: \u the seiution of problema in Ban^ 
fivEta, (wpecially a hen both live and dead loads ate invoU^I or when ibi'n* an? many 
paoeld. liviHload Hhears far M-iiiforro loads may be fourui from I hr end wheai hy thr pn>- 
portioa of the aqtl&rpa of the rlikdanet^a from I he oppceqtt- hjad of the ipoder, Ibt" shear 
eitrve belta^ a pambala; for equal panals, paneLi may lie used insU-ad of distant^. In 
order that the VErticaJ cotnpottent may he properly dpstrihnt<d among tbi^ riveti^ the 
piteh aihould not 4^^ in. U In. lor tninu ipnJera), 

ULiistrative ProbleoL To Emi ibe plEclna of |i-in- rivetn at 24,00C \m bearing in m 
40-lb girder eoiapostil of a 4B X web, -MB X 4 X Ji, and 4 cover plates H X H- 
ll rariies oU the top flanjci^ a uniform ilearl load of bOOO Ib-fl and a uniform li\^ load 
of T.OCWI lb per ft. 


limit [nf( Value af ane riVEt. Keadnf^ in ^-in. web r. .. *7 S80 

dr 4A5 - (2 X 2>^ = 43,5 

Weight per foot..... . .[7L4 d-(4 X 23.B) 4-(3 X 23.S)fl I 

Difference in dead lend per panel length df ...(290 + 1,000)43.5,. 12 « 4JOO 

?fumbpr of panels.-- ----- _ ___ _40 X 12-3^ -13.5 « 11 

Vertietil eompaneat.[7,000 + 1,000 -h (2 X 23.0) + (2 X 23-S)| -3- 12 h0O 


Ratiop uidng net area^. ,,., . ,(11,3 + 12.2) + (11,3 + 12.2 + =■ 0.00 

By inapeetion of the pilehen nf the first four it ia apparent that the pitch for 

the fifth panel wiii be limited by the maKLimim value, »o tlmt no eompulntion is required. 


Pkbet 

3b«f « r 

F XO.^ 


nuit - 

BteiitHr 

DwilMd 

Liw hiiJ 

TivtiJ 


Efi4 ... 

. 

Vkmi... 

Fourth. . 

JTiftli. 1 

1 ].m>t3e -iwoo 

2i.m - i,7ta - i\.m 
11. too - I.7K] - Itk.tw 
IIL400 -4.700 - Sl.mo 

TJooaxtA 

140.CKHIX ioa, 111 iiamo 
140JDD0X D^^rn 

IHlODQX T4W0 

165^^ 

ISfl.SOO 

iio.tn 

*5,700 

5.UI0 

1 I.TTO 

3,«n 

3J«0 

I.BOQ 

hI 

ilj 


lUmilnuni Pitch ol Flange Rivets, If the caleulaled pitch is lc«ii= iban the minimum 
spare allowed^ the driugn i^hould be modlBerl hy nn^reaeing t he web ihick- 
ncs» or the rivet diameter, or othervi^iee. The U 3 ua] tninimum of “^thi^ 
diaTTH'tiTp'*' wiiplUd to liveLfl. on a single line, but for staggered rivela ibe 
minimum depends on the shoarinK strength of thi* weh plaie between 
fMijiJu^mt rivet* nu the Lmier line. The unit stress jo i^h^sj on thi^ web a is 
usually *pi-cifitMi La Ivmis of the gruiot seciLoci, and it u a-saumed that 
the unit streaw on ibi' ni4 ^'Oltnn will be gn.>ater In invert pnipartioii, or 

--, in which p lA the rivet pitch and d the rivEt diameter* The net 

2p — td H“ M) 

sen ion [2p — {it + time* I he unit stteas ihould tqiial the linutlng viduM of two 
iiveta, ufiuaJly the hcariiiB valta^ In the 9reh, or in which A is ihe unit strea* [n 
bearing, p ■ dbU. 

Lengths of Cov*r Plates. Bcamj and girdei* are djc^gncd to reabet the maximum 
bending momenta, and unlew cover platf^ are used they are gent rally miule of uniform 
cross section ihrtrughout iheir IcngthSp rvgardlesg of llw fact that kw metal ia needed 


1 * 

tw^ 

Fin. 26 
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near the ends wliere the bendinie monu'iitji are much U'jw, 11 not prArtieaJ to mduee 
the Bcetions of rolled bcairu* or pljile ^rderp without cover plates^ for the eost of siilieing: 
w'citild offwrt snvlnpt in materml^ and the re}=u]tin^ sirrlerK would no! Iw^ ro Bttlwfiictor^'. 
Wben cover plates itre u^ed to funtiRh part of ihe fljtnge 1111 -*^ they may plant'd ottly 
whertf ncciJud and be dlfeontmueil licyoiidi the points where the remaining seetion u 
Mj^elent to meet ibo requirements. If a girder is ex|X)sed to the w'eathc^ one cover 
plate of the top flange should extend the full length in i^-der to keep water from getting 
between the angli^ aJid the wi-b. similarly a cranje-ninway gjrder should have tbf* top 
cover plate or chonfie! (L-iteiid full length to give uniform bearing for the rail. The ttwAa 
in cover platen exrcpt in thn? huavicT (^effl ar& dctermimxl by maximum apacLng vaJui^ 
and need not be caliTiLilated. Cle^ spacitkg of four diaiueleri or 3 im is uoed at the end 
nf each plate for a iliAtanoi'! cquuJ lo oliout ] Eitnca Its width. 

f'aiYorj?! I^aada. The cunie of bending momenta for a simple ginlor wtLh a unifurmly 
distributed load a parabola^ os shown in Fig. 27, the properties of which am such ttnit 
the vertical ordinate from the vertex of the curve at the center vaiy' ad the oquarea of 
the fompoponding abscissas^ or X^/X{^ ■■ iS-tnct' moments of mertia and also 

flongi-! are proportinniL] to iHmding moimmt.s, Ude tnaV be made of tliil$e rvlatioiis 

in finding the length of cover plates, dnpmding on the mt'thod of design urtxi. If Xi is 
the bjiJ/ length of the girder and >'1 the total moment of inertia or flange anc^a n-tininMl 
at thi^ rtmtcf, X is the half bmgth nf thir longest ettvat plate w^hich extends to thu point 
where the moment of jm^rtut or an'ti of thi.* wvb and aiigk'i Vi — I" just equals the n>- 
quiird amount. By doubling tbe hingt h if, the propor tion rem ains thii *ami\ and we have: 
Theoretical length of trover plate - or LV A * depi'nding cm the miuhoil of 

ik-fiigii udt'cl L is the total krjgth of Eirdetp / the total moHumt nf int'rtiia at the n^nter, 
I^ the muincnt of inertia of iht^ plates in both flangkha of which the length is lequired pte 
the moment of inert is of all plates Uint an' outside of these plates^ A is ihu> toted area of 
one flange, snd A * the srea of ttu' plate of which lbs lengih is tt'quinxl pins imy platen 
that arc uubadi" of this plater The niomimts of Inertia or the flnngi^ arr:^ uf liilier the 
grr»ss sretlon or thc^ net section may be ustd, whichever is more euiivenletitp BtM long as 
values in both numerator and denominator are cousUtenl. En order not ta wi:aken n 
girder by cutting off the cover plated and to oflset any approxinuitioiis in tbe ineth^Hi of 
ralculation^ (hey are itumIv aiiout 7L ft long r than the tlw^ 
oretical length?^ u.nially takim to the neanuit half font. 

This method of finding tlie IcJigths o.f ojver plaice ii? 
applied to uniformly daftrihiited loiads whether Bxed or 
moving, but it d™'« not spjily to ennwntrated loads- h"of 
a system til moving concent rated enginrc losibi, rtueh os 
Caoper'R or ^^telnniHji*s, it is usually impmeticsl to eoii- 
stiTjet an aecuratt! curve of bending momenta just to determine the h^ngth^ of cover 
platea; the eurvo of lamding nicinn^nts n^^emldes a paraliols so closely that this miqhiKi 
may be used, provided that an i^xtra foot or two is addl'd tO' the length oreacli plate to 
□ffHel the discrepancy betwi'en the curves. 

niustittiv« Ptoblsm. 1. 3/r>naCrt^-fl/-iacrlm Mt4haL A -M3-fi girder umformly loaded 
ii composed of a 4lfi X 4Zfir X 4 X 4 cover pistes 14 X and riveta- 

Tbc total net moment of iiiertln is 28.S70 ijf which the web and angtea furnish 15,800, 
the net moment of inertia of thc^ tw’u inner pbitos 11,420, and of the two outor platoa 
0,050.. To fljid ihfi lengiiis of the cover plute, 

Theori^tical length of inner pLaUis. .. .40V^(fl,420 + ^ 28,8f^ — 2!s-0 

[jcngth to be t|S^. . .. , . , ... . .. 2tS,0 + 3^, \ —> 30.0 

Thron^tiiral length of ^3UtlT .40x/o^l!50 -S- 2lS,R71Q w |p ,2 

fx-ngth !o be u-'wkI... .10-2 + 2.S 22.0 
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2- AVeintftMjnr^r Mfikitti, The total ifu^t aFPn in ihe nf ii TQ^fl prHi'r uniformly^ 
kiad-hd 27.0 pq in.^ ibe web Ih 6.3^ tlie twit atra of 2/-^ lO-U, nf one pLite L4 K 
Pi 5r3, and of una plilla 14 X H ^ -1-5- To End (be leilftJ^ of llie plul^. 

Theoretical len^h of inner plate. ... . .70V(5^3 + -1.5) -i- 37.0 - 42.2 

l4*n|Llh to be ■itw'cl....... +., ------- ^ ... 42,2 + 2.8 ■ 4o.O 

Ttwof^itical k'oiCtJi uf outer plate. _,, „ ^ ..., ,70V4.S 4- 27.0 — 

Length to be itsed.....23.0 + 2.9 -= 3LE 

LeDEths oi Cover Plates, rourfntrfiJed LfKiciiF. Tbe ctioT of heniiin^ momenta for a 
av^rits of conwnUflttNl li^ a 9ti7V» of rtnilght Ehua w-jtli a break at turh jiomt of 




Flu. 2S 


ooiitentralioci. No it^TMiniS fortuuk i±i applicable fcjecatnai of |Jii> numbtir nf variable^^^ 
ajad m it k u?uaily niure e<mvrEtk:fil to delermine the Icn^h^ of cow pkles graphiaiUy, 
If the kifluls arc en.Timn^triail about the OL-alcr, only oni-half m-ed plotted. If the uni¬ 
form loati k TOktiveSy pmall iw when tbeiv k no other uinfunu toad lhan the of 

the girder itself, the eombined bending mona-nt may he found at each poinl of concen- 
tnttioiiH ivnil the cnrrH plotteil aeconlingly du^ a si'idoa uf straight line*, m in Fig. 2^m. 
Wfam enough iitiirdnu load Lr ailiibNl to make apprecmblo curves In the diagrani, scptuatc 
mrvi* shoukl bt* plotted for tb* lH*nding monscntii due to thu uniform and the concen- 
tmted loada.i as in Fig. 2Sb^ for it k not .p^uffieienHy neeomtt^ and not on the ruJc side to 
rurufi«iur the ei^mbim^i curve a S-'riesi uf Blraight hrn-s. x\fh^r tb^ Ifcending niomi’EUs have 
liLvn plottcii^ tike iiuk.^imnni ordinate BC fur which ihe girdi*r was th^gned can bt* mh- 
dividftd in prtiiKirtion to the rt^skting luoiuentB of rfjm|>onent parts. Thk i;nji be 
done grapbieally, as fullfnvs: [j^y off i>n a ranJutn line BG k 4 |uaJ tu the total moment uf 
inertia or the toEnJ fliuign^ atim dept^nding cm the met hiMi uf ilii^igji. usu'tl], ky off BE equal 
to the morm^ni of ita-rtk of tb' web and all ungle^^, or uju*H.4ghth the grva^ 4rriti of lb: 
web pliiM the a.nm of the arkgles uf oiu: flange^ by inff EF, FG^ etc.^ iL^qiiaJ to the tnoment 
of itaiiik uf theaum'wi^'c fuver plntca in ]aum, «r the areas of the iiuccesislv-u cover plati^ 

i Thm ItoD rtum Krr t4iHt«d on 0|:i|tajfeiW »iiJDi tJvt hfl« linn lu iinii^ifv^ neslifitf nrUl beqdiRi OiOm*TKM 
Crum riHTir Mj fnn‘r. Tliu i-urlPt far luiiftHEH J^db i» m I!]|« lyatlmuiD^wiiiia niuiFjfrjt At ibs 

mtsr Iww* f*|ngla(4d *sd n* ftH, T1 j» fnnbalji ihrv be dimnn ttlTOU^l^ B Mjid A ■■ M|ii«n: 

Draiir AA » BS iiirfdavT^ il uiUv miy niiiDbttr eJ timita. M«b cif ihw iwiiit* witJ> B- 

Dinde Afl in |4 jarnr mTMmtf nt mfiiai |u»m. HmI dtmW m Twlkll Use *1 ouh ^ibdiTHoeb oetbt. Thm 
uf Itw ituavHi^ MJtd v^rtml A dth ppiykl P sc the ihirv^- m HUitalt ihUubt uuliiti 

fouad ill ft Mlimbr lit^lwrf fti lb<H<i!«d d^itermiee tH# nirvt with llie 4^rqd ft^:Viiiaey. Tlw UtA^U niey 
Iv Jiannd by naiuii dT ft idutiTed mler. I>niw «Uy iat iImi epnitnicikEi litm bi mbikw Iht UitefurCitlrftt. 
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of tiBv Afljifgis vithoT i^rcHH sscrtion iw tmi stirtioB may be a? preftjmed. CDnut^t G 
||> f\ pind draw EE' uiid PE' p&rallel to G('; the intereepfaj cin ibr line BP shovt thiy fM>r- 
liciiu frf ihe lulid Iwndini^ nMiPv^nl llmt an^ hy tbi' li^^^e|^l‘^t (»iniFKilliMlt parts. 

Fur .>clna]l Unifurtn JUQtiLw rurnhim-^l wilh I hi' remnant niUN I ludiM, in Fig- o huH- 
xuntoJ Litui drawn E' oiRk iIm: df, t^bcrwiiiK ihi^ prnnL wht'l^ tlu.^ refttBllliK 

mument tif tllr tt‘cb aHiI ahf^eft iiiUdIs i he betirlin^ mninenE and tbeufu'-liridlj where The 
ftml plati' tnUitt iik'^lWcvn thr elai anil ltib« |H;inl , ihe weh anil anKt>’J^ rtjffiri'f tai tiiL 

larlvv ihe (riiint iV wtkw tlje horizontal iiltr IhmUi^h F' cUIm iht^ curvb^ sh^iwig when? tile 
jienuriii plate muai la-<|^ti. Whun^ utilfurid kiaiLf art' laf^i enuuKh In U'! plotted K-pa- 
rately, aa ib Fig. hotixublaJ Iuh?p cabhnt bi^ UiHrd, bt|t tlu' curraapundin^ points tkfv 
rnurud wherti the Vertical Lntercuptji E^E* atwl B*F" fmib cUn^-c to cUrv^? jix-'d l^iml BE' 
and HF'. ThcA" iiiteroept^ biay l>e plotted Oti the e(J|p? of a 74.'puraio pk^re of paper aild 
ftlipptHj albb^ the etirvea. For symmetrical ^tlera, the length of I'arh plate is about 3 ft 
longer than twine the diatjLheo frutn ita thL-urc-tlcaJ chd tu the eebter, 

Iliustradve ProblasL To fkicl ihi? k-n|dhd of the cover plates of the girder drt=igm?d on 
p. 6-11 by the momL?aTKjfdnertta method. There k no ubiform Ibod oiher than thni 
due to the weight of the ginier; ao a lurve may he drawm for the eomblneiJ bending 
niomenta, lihowb in Fpp. 21>. 



Total mnxinium bending mLimenl at center.^^* » 3,737,5(10 ft4h 
Total bending moment al quarter point 

i2l7p5£J0 X 12.5) + (3ti0 2 X 12=5 X 37.5) - 2,S03JW 

Kel / of four coVL-r |ilal?'a. . .2| 14 - (2 X l)jl a(atk2a + OdliS)^ « 42,^10 iD> 

Not / of two inner plrtUi=.,U|14 -- (2 X I )J 1^^0(36.25 ^ 0.34)* - nMO 

Net / of weh ami aoRliw._____ .Mjm - 42.§I0 » 41,870 

Ey plotting HO =- 84,780^ BE =- 41,S70, nnd EF ^ 22,090 on a randnm line^ joining 
(iC and drawing pnrtiilel the borizoiital lifui EWt = 16.3 k nne-half 

Iht* thepretical length of the itmer (thinker) pEnte, nmi the Idtal length nf the 1-1 XHi, 
pbite b (2 X lH.sj -h 2dl >■ 36.5. Suiulnrly, the total Jengih of the 14 X % phile is 
(2 X 12.31 + 2.9 = 27.5. 

To hnd the lengths of the cover plates nf the ?^tnic' giri:h?r designed on p. 6--13 by the 
flange-area method, we can mw' the rame cUTvn of iH-nding ninmabls by plot ling along 
the random line BG ^ 31.5h BE - 3.4 + 13.9 - 17.3. and EF * (14 - 2 X })3i = 
7,5; following the sa me mi'thod of pracedurtv wc Slid tint I the length nf the 14 X % 
plate IS (2 X 15-9) + 3.2 = 35.0. and of the 14 X «pkte (2 X 10.6) -h 2 « - 24.0. 

fJosynmifttrical Lomdo. VSleut tht* cunn^EdratiHf liwujsi oa a plate ginli?r arv uns>mi- 
inetrical ib ejlhi^r pnt^itjnb or mugnitadt!, ttu: ebtirv length uf girdi'r F^hnuld be plotted 
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111 cmii^r td locate bolii ends af ennh pl&U-. WKiemi the? eouE^patinted Iew 1 ?v flxed In 
pMition but vikj-iabli^ in bcmufiio of the psiMyif^L* df the Ih'e lond^ in ft mib 

rcuid thfdugh briili^-, ^.*-|KLriLte e\irw^ ^bould bo jiIcLtod for diffvrc'nl portion!! of the livt^ 
li'M^l. Tbioi fdr i^ch ftaiikt df odhcoutmtidn at hedf ^^Irr, die tneirLii jihofild he placed 
Id itive tho masdiTiiUii fH'ndihf^ nidfni-nt at I bat fwlnt, and Lhi' r^irn'i^poiuJiTtg beudiEiit 
fitunieJit# ai thi^ dihej' pdEiitK tthualil be fdiuid; tho euri'o ploitefl f?ciiTi eArh fet of thi^* 
bendicii^ najciiiioiits wiU bo out^idi! the dthef ouri-on fdr aC leaM ofH> point. The bending 
piuimmt at oarh pciini iibLicild mEflpEle the cQiijfT an I doad-lcajl bending moment at that 
Ikoint. Thi' length df meh. fidato ahould bi* dotartnined by the interneetion of the hori- 
XunlaJ lEne with thfO OUtorinost tUrVo. 


WELDED GIRDERS 

Stiffflners. [ti a welded girder, thu Htiffenen* art? mado of platejf imtead of aiiK]e» 
beeaiiae the Web lejpi rvqiuired for riveting may be dispemied With. The LDii fltiffctiem 
of a ginkr whleh tvslM npen a stail art? lUwigmHl to tnuLimit the maxiniimi reaction in 
IjeariiiK, the uoihf Ixiing col oecuttitely lo bear npem the bottom flange plates. The 
width of plalf^ is UEiiaJ Ly a multiple df 1 Lo., and Out eoough to pnoj^t beyond the Bangp, 
The tJiiekoi>as mii^t be aueh that the bearing ao.^ of thi> pair of plates m a^ large aa iht^ 
n><|uinKl area foiLUil by dividing the luaxinium mantino by the unit t^tn^ in bearing. 
Thu bottom ends nf the #ti£fenem are welded to the flange plates by sbort wid^bf eom 
veiiieiitly pladedp but ibe !ndes must be welded Iti the weh plate by iutermittent or enn- 
tmudus welds nrSieient to transmit the whole teaction. Tk^ weldii should not be larger 
than two-thirds of the web ihieJcnt^ unless ilagg^nEd. 

Intermediate stiffeners mode of narrowfjr and thirna-r plates with shorEnr welds are 
ua-ni when ntKM'ssary, Since the web.'^ of weklttl jprdem an.^ mmafly thicker than thoBc- of 
riveted prdens, fewer ginlerfl need stiflenlng. The ends of LotiTTnedijiEe stifluoeis may 
be cut lo bear on thn llangi; plates and be welded lo ihcoi^ uperially at tht' compmsi- 
Ron flange^ or they may be cut flbort with clearance. 

ILEuatrativc Problem. To design the end istiFTenem of the plate girder dt:^lgtw<l on 
p. 6*10 aL u uoit atrees of 30,000 psi^ 


Maximum rencUon -... ...217,500 H- 315 X 36 

225HOO 


Ihirkness of fUn. stiffeners. -... 


Ninnlier of inchfai of wi'Idu nn ciieh side fjf weh. + ^^. 


30,000 X 2 X 9 
225.41X1 


2 X 3,000 


225.400 lb 
H i iL 

mu In. 


Thid may b^^ milMlividHd into ten welds 7>a Lx center to center, or my equivalent 
which givcfl CDiiYeaient spacmg wltli the proper total length. 



Weh Splices. A long w-cb plate must be 
sp]irt>d to resist both the sbcariiig stresses and 
the stresses due to bunding moment. Tho sbear- 
iug strt^Acs may be provided for by tiutt-wcEding 
the m*b s^^iona logiqhL-r, usually with doublc-V 
welds. The momeut strccscs may be provkleil 
for by a pair of plab:^ welded near each fluEigr, or 
by lug anglt^ wrdded to Lhes differtiiil weh sections 
ami bolEcd totpitbir. 'fhe pIaU»j^ may be ree tang- 
ular or diamund-^baped, but the latter are pro- 
port ionali to the fltrtftsfs and furnijh a better 
distiibutinn of widd* (pcc Fig. 30). The fcwal- 
ing moment of the web plate b hifldw^ and 


Fm. 36 
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to this k eqiiAU^ tho mormbt <if Ui4‘ couple formed by tho two poira af spilco plntea, 
the lever arm of whlth h from etmter to ceoter of opliee^. The uiut sitvEx developed at 
the spViefi pktt.'a ie only dg/2r part of the unit nl the cstreme fiber; hd dt/2cfAd^ « 
in whieh *4 k the am n.'qUHTii in one pair tjf apliee Since the butt wdd 

undouhtediy i^irriin jHime of the fn^meT^t^ It m cloar enooirl] to let 2c ■ wbeoci! 
A =* For ao aanmiu^i width of plate, rf, k determined and thv area of the two 

plutefl fuLiiid; y tbtT nrfialtlDx thickmw does not intern Hatldactciry, the wifJtb m&y be 
modified. The slrtw* to be taken hy thi’: welda Ln each half of eaeh plaU- k etjUal to 
the area of one plate tuiillipli^ by fdg/dw"^ the corTtspondinjE length of weld \s found by 
dividing this by the jtlrength of the weld per linear inch. Unlc^ a ?hort verlical 
edt5e k left at I'ach end, the tcngth nf (he weld t^btiuld ho made slightly j^^ter than tbe 
computed amount !e#t lim plate apeticn near tht> poinl pmv^ ininijfficient U> develop the 
WfldH. 


nioGtrative ProbleiiL. To design the Bphee for tier 72 X }i weti plate of ihe gini+T 
defligm^i on p. 6-11 at a paint in the i^cond panel. 


Shtfar.............217,500 +ai5 X 25 - 145,000 -^15 X 12.5 

Strength of a ^4-ui. butt wp|d._......72 X Ji X 13,000 

which esEceeda the shear. 

di for ^in. pktes OBaumed, ailomng 1 im for welding T2-S-2,.... 

y 7^ 

Area of two S-in. pbtes ... . .^ 

G X 02* 

Thickliiif^ of each plate.... 

2XS 

This k m much motp Ibiin om^'JialF Ihe web ihJekniaia that a I2^im plate 
iB a&sumed. 


76,450 lb 
463,000 Ib 

62 in. 

5.1 iiL* 

Hin, 


Aren uf two 12-in. plaUv; 
Thickness of i>fieh plate.. 
Stress in eaeh plate., 


H X 72^ 
”0XS8* 
&.3 


’ . . 2 X 12 

..la XXX 30,000 X ~ 


-> 0,2 in,* 
^Hin. 

= li'J.OOD Jb 


of JKfl-in, fillot wirld...........I^OOO ^ 

3,000 

one-half of which would Iw the .hfirisaFtm^ length along each edge of vaxth pinto* 


Phuige Welding. The flniigo platers of a fpnicr must Ijo weldtHJ to tht^ web plate bv 
weldis sufficient to trarutmil the fiakiigo Ftrom from (he w'l4p in the fLuige plates. Eilhor 
root mucus welding or intennitl ent w'eMs niay Ih* itw^L Some ik^ignens pn^r coniinu- 
oqs widdiog on ginlers exprwHii to the weather in unler to previioi water from seeping in 
twi^ n tin^ wt4i and tb.' fhkiigi- plan's, particulnriy in tb> IxpEtom flange, {kkf t de¬ 
signed maintain that riewe cunUict k a'wunMl by intermittent welds along the planed 
edge of the plaU^ j*o that piuiit will mal the joint. More welding k nwdefl near the ends 
of the girder than in the Central portian LH;cai,m^ tbi? incri^ae in flange alress due to bend¬ 
ing monsuit u usually mom rapid. A t ihi^ enik^ welds may be niodL' longer^ closer to¬ 
gether, or even continuoiu. Whtre coDtkuiona wohls are until throngbnui ii may be 
ncTcswy t€ have larger wolds at the ends. Thi' aLac of oontiiiuoui^ weld should not excetij 
one-half the wrh thickness, and there k not much oecatrlon to ttrn? la^r wolds int^ernut- 
ten tly^ aJ(hniigh if tbi* w^ekk we fftaggeml It would Ih‘ aJlnwed. 
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By imul-rigy, formulpyt may hty dcvi^lupi^cj ft»r wflflinR murb thfy wcrr tm flaHRi’ 

.I 

mulM Jja. 6-34 1 , lakbgih^rorni/j * -j 7 j^ pr j> «> whirh u tb- iHj^Uijicv hkbUt 

to wntt'T of iriU^nni ttylit. WtiUb, u \a iIid AtP^nglb of thi*: LliU^rmith^tit Weldjt on tjolh widi-rt 
of thi' vi^hf dm bi clL^pth of ttn" wob ptai4>, V u ihi« ninxiniuin for MvLioti w!bon» 
the fTpaoinj; ]s computed, f If the momfnt of icu^rtUl of ttio ontin* utwfi MMrlbn looludinf^ 
the TFt'h and itw' flani^i' pbitra of hetih EWi^^, /' w the mami'tiL of jm^rtia of the 

flange platOF of A i.4 the an-a of the fliLEigti p!at<L^ of one ptn^ niu^ 

SlKlb the area of tbe w-t^b plato, amj A' b ihe ai>.'a of ihc Hanji^ plale of pnr flangE’ onl>\ 
Tht-ae momenti^ of inertia nr may Ik- tai^en for oittu'r tbe nci aertiem or the 
iwtiorif according to which was iiiifd In iho dcflign of the Rirdi^p. Tht^ limgith of web! 
may be ttaaiiniwi 3, 4, S, nr ft in. If ihii di^lanci^ p b only slightiy inor^- ihan Ihti length of 
Weld, it may be preferable to Ue^- eoaiimiouH welding; jf ii shotiJd ksg, i‘ither the fiace 
of weld would hftt'e to be jncrpaai^, if po^ible, or the girder designed with A thiefcer or 
deepi'P web. The Nparhig Hhould be ligiirerl far (•aeh iniE|di>n ebwige in whcar a^ at COH' 
cent rated loadi^, and at elf numy inLemiLKliatn |Knnrs as jnstihhNl hv efiiLng4^<4 in length or 
spacing of welds. The dear dinitance biitweert wetib shoidd not ojcceml 12 in^ Deck 
lontb ate earned to the wob plate throogh iHiontig an the planed edgo; ao no vertical 
cotriporh;ni on wehb need be eonaidenniL 

IliniUatiTC Proh]tia- To design she ftongr wiilding in the fml panel of the glrdtr de- 
Fignod on p. 6-11. The slrength of two wtdila 3 in. lung b 2 X 3 X 3,000 « 

IS^OOO lb. / = /' - Ot>,0-t0, and ihfi sliear in the end panel is 217,500 -h 

313 X 25 = 225,400 Itj, Ssiweing eeoler to center of 3-Ui. w'ultla la ihe end panel is 


IS.OCIO X 72 X 84,690 
22,^400 X 00,040 


Cover Plates^ Wtam ivta ur uiorB plaU^a are used lit one OangL', tht'^y flhniild di^er in 
wuilb by ^nut 1 in- to providt.^ for mjcana of w'elding t hetn togi.-lher. I f tiu- end port ions 
of the Hange pinto otl-^ made thinner than the central port ton, the paint e of change can 
be determined much as in the eatiie of rivelcd girdem, as uxplainud on p. 6-36- 


ms /un> REiKTORcma plates 

pin^. Tho members of ihe liirgn bridgo tniFses anrJ of «tome the smaller one# may 
he pin-rtiiineetod. Only one pin w UHcd at a pijintp and gn^aier Pli^\ihility la thita oIj- 
toinrvj than in a tru?a with fully riveted or mdded joint# w'hirh eaitw recnndaT^' strtSFes. 
Similar small pins iirc iisi-d in conjunction with ksip U bolt#, anil chwimrs; thi'w 
smoJi pins may Im* ruogh or turned bolts, or cotter pins. The larg+ir hridi^ pins an,' 
tiirdcd eyliniicrs with threaded ends of reduced diameter iiiioii which pilot nuts and 
driving nuta are Fcrewrd during ercclinn; The?e nuts nn.- then rcplacrd by permanent 
suta or carwi. The pins are driven col^i without upsetting, ihc' holew in thi? mcmljers 
being only nr Hii tn. larger than tlw' ciiametcrp of the pins. 

Tension ira-mliers of pin-cttma'cUfd InoiJie# on? rompoiKhi duedy nf groupfi of bars, 
the b&rp of one meinlwr alteniatiog un a pin with thckw* of an adjacetil irtnmher, IArg^- 
eyehara were formerly uamJ, bat lhe»e aiu no lodger avail[jl>ks so wider p^bra with the 
enil* reinforced by livE^ting ur mdding odiiltioEial platas to them an? tnatie bo simulate 
eyt'bant. Compri^rjii ehord# are imidu ef plate# and cliannels or platea anil anglt^, and 
the pins paj<s thn-iiigh the wi4is; in ordrir to fumkh .‘iutE^rit-nt biMUiiig area on the piiw, 
the welbs an-: rulnfafeed near the plos by n^LiifureinK pljin^ or pin pkle#, which are 
rivi-ti-d or welded to the w'ctis. Compit'ife-ion wvh mi^nibE!!^ nuiy be raiuli- id wide-flanged 
Is'-am pi'crionin nr builiHip Mi-rtiEuis. The ptn# may gn. ihrough th?" n'infnrceti webs or 
thfouKh |un to fbi.^ Ihinges and unuectiag iKiynnd the main im^mla^rs- 
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The Chiekne^ €f th™ it^ptnd6 i>n lk‘ diameter ol pin. naJ, edviivemly the 

Kfcst' (jf Ik pia clepetifk on tk ihiekmw til onai niiigl k A^imied and tin* 

Mihc r dfterruirtmj t« Mid tkn ihe firnt mml in- veriflird or 

Nul every pin in eL irwttn tk.t*d k iJewigrM'th ^MTaUrti" if is ]inpmrtir±iJ nw? tiiany 
iliffeit'iii mxrn; it ir pn-Ieriihile Ut iiijiki^ lievenil piiiK Jllikl^ En ordif to redw the JiutnkT 
of rlifTon'Ot membr-ni to k niJidr ixtit\ I he iiumh>r of diflorent fihv* of pinhok^ to Ih« 
\Kttvd. Ill a ajimil Prutt bridgi^ it ctu^toiiijiry to ealrnkte tk- of rk pirw 
at thi* ^1bol^ HE [hr hip, at thu top^lienj joint fH-xt tfi the hip, and bI the k^ctoot-cliord 
ioitit juviH'vi tk: abater. Tlit^:*e aro critica] pin^, olid I he romaijimg top-chojxl pitw niav 
k niodfi like the otw- next to tin? hip, and the mmiiining bottom^hord pins like the 
ri^titnd one; in faet, the uppi^r Mnl lower piiip nmy often k nmde idike wiihout much 

wiuite. 

DeaigD of Pins, Rtu urie iJiJ-iiEned ab eyfindriraE EHmm^: to rtwwl both bt iidlnR and 
fihnflTp the frirmer uj^ly deli.-mnninf the siue. For convenience tti htiding the knding 
momenl, each force due to tin* sJtrfK^ in a niE^tiilM^r or part of n nicmkr b n^umed to act 
upon the pm us if crjnwntniud ui tht^ ctmter of kariu^K i e.K at the omter of the surface 
of roiituet. -Since the fom«i w^hich net uperi u pin tin not luj in the same pkru% ench 
Force IS rt^lviid Into honroutHJ and verlicui coiripi»uen[s. TEh- potdiion nf the point of 
runalmiirn k-ndiiijt tuotui'ifcf 'ib usiiaJly not apjianmE and so it iirc>^siiH.ry to find tliu 
k'litilijff rnoim^nt dm." to the hori.£ontaj ctsmpnriLrJitw luul ihwi due to tht" vertifti! enin- 
pment# itt euch piiut B>f (HuiiTulnilion. Tk reMiltjiiit N'niliiig moJiient ,il twh p>int 
is the s^niirs^ root of [k- mm uf the squares of rk hurir^inlul :md \'ertieal kudiof^ 
monn^ntd^ at tlial p^tiit. Tin- imviiTnum beiidi;tg mniniml nn the fjin often oeeurr at a 
piiut where there i* pa wrlfciil kmlirtg Enomenl. 

The ari^ngi>riieut, or ‘^p^ekirkir/' of the different ermipinent parts of tho i>n a 

pn uffects tbu siae n^uinvl^ ^^nuninies fhi" resutts of diffiTi^nt arraugomflnts Euiist be 
etJFniiarod in order tlial the kwt one may be seleeled. The ptirking depejids on adjneent 
pins, tieeatm.' oueh bar must t«:pt puraElel to lEbi- ptiino of the trusd or nlnp- not more 
thikn in. per fl. Thi^ pLckiiig in made FyninKlrioa], tmd memEM^rs ^^onlp)Si? 1 ] of fiar« 
should have even uomEwre of uml rii’ctid chord memlH'rs or fjosta should hi^vo 
two or more Wihs. A >=injett' roMiiLer fiiimip U soEnetiior-3 placcil at tla^ center. No 
Lwn Imrs of tk' sauu.' member shapkl ix^ pkri^tl in ctmtact, uj^ it would Im' inqKio^ible to 
iMkint bt'twwM] ihein^ I hey diould U" .si-pambHi by a 1-in. cullur, unli^FS u bur of an o; 3 - 
pwinj^ meEuki- Ls pliioed fca^twii^!!! tkm. In determining the ifistuiices klwi^m the 
rtmterH of bearing, a rlE-amnie of at luuj^t *-|a in. should Ui^d tuitTiwTi bans, and jii iu^ 
ktwien a liar and a tiveled niemk^r, due sillawuuee k^iig nntiii^ for rivethi'utk^ aionie* 
t.isru's tk^-^f rivets are Elatlell: 1 ^d i>reounh:n«Littk, and tk' flanges oF ehannek ur angh^s 
notched to clcfir ihr bars, pn>vided the webs aoi prop-rly rvinfurctvi. Tla- bars of di- 
agi>iiu] im^mkrs an - pimped next to wrtieuJ in fwrier to rL^lun' [he vertiruJ bending 
nioiiawit on ihe pin. 

A Htm.Hs diagnum the maximum #tresa for earh niemkr, but thca.' t]ia.xin^ do 

not occur PimultaneoueEy, Thi- maximum chord rlr^ssits occur when fk^ ti-n#w Ls fullv 
hjade<l, but tlu- niaxiEttum m^kinrnibiT un: found whi^u the tnw is imly part tv 

loaded. Tk' pin at the sho*.^ and at rhe hip and usually the Ijottonuzhoftl ptt» will k 
stressetJ iiuisT upilcr a full loatl that cau-iHrs the imixiniuitL rhord 3tnL‘^^■:^- and the cor- 
n>^pondiiig fliTPfisc-fl in thi^ web mernkm. The inlr rmL-diaEi' topni^honl pEits are desipiL’d 
for niaximtun Wfkrw'nilter ritro?^-^*-.^ aiwJ the eiwn'^TMinding chorrl kitn*?^5cs, CtRintt-rs 
an' nut Strt^tfcsecl Far fit !lit rundition of luLuiEng, but they must Eit' eitliKhh'nHlt Imh'hlsl' 
ik'y may tdfi'Ci lever umw jiml tliemforv beiaiiiog momimts. The stn-sses which ntl 
upm u pin at any utw^ lime must tu' in ecjiiilibrium. rhi' forces oei a pin uri» i^ym- 

nietiically plaet'^f, it iimasary only lo Eieli^miiru" iIm" Esunilng mnnii^nts on pmL^-imlf 
of the pin, 
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Tbe bending rodidiiiit lit oae point cjI i! 0 £kt«ntr«iion U Tonud from tbii brcdlng mnmtnt 
hi pJi poiiil by hfkling aJ^hraitdly the pnxJuct nf th** fthiaj- for Ji Mdon ht- 

twivii thi^ two poinLB hy ihr dwtanirtt Wlww^n the poioM- Whi-n rmiUtt|t ibo ti^iilrAiLl 
ly^pdiug momcoi butwceii the wrliaU bM'tidmig momcnl nod tho cortt*piSEHiiii(t hori^ 
xonthl beoding raopjent. It sihouid bo piated tluil the latter w conatjiiit bolwwp tJio 
boriicutal force neatiait the center and the corre£iKiiidiiig force nn thi; uppohite Hide of 
the ceoler^ the flhear beiog lem. Since the Actuai poeilion of the biirs on the pin may 
vao' Hhgbtly froin the poditian uijcd in tb* it ie conawtemly ncciimtc to ww liwor 

armfl to the near^t H in. and Fhear? and bemlliig momenta to the oeaieid ibousand. 
It b eonveikicnt to nrtangc the computation in tabntar form. 

After ibt nmxinnnn bending moment a dctemiiiL'd, the enrrespNonding diumder of 
pin for the epedbd unit fttreas may be tnken from a table of bending mnmenb if availa¬ 
ble or fmm the peetioo modnlua nf €,01^ for u beam of circular cross section. The 
allowed unit strera in bending on pi ns b usually about 5(1 percent greater than for ot her 
beama^ The pin aoleoted for bending muipeiLt should be tested to see if it satisfies the 
shear requirements. The maxiinuTn shear iotoosity^ found from the nuudmum shear V 
on the pin, Is and this musl not exceed the aklowed vaJue^ which b usually thi- 

sanai as for power-driven rirots^ 

niiLfitntiTe Problem. To design the pin at the ioint L3 of the truss shown in FiR. 3i, 
an the assumplioi] that thci slse iaiII bt^ deierciiinod when the chord stresses ore maximum. 



Mare than one arrangement siiouJd be tried nud the ri9u|ta compared. The inelirwd 
bars (shown with section hnis^ in Fig. 32) are placed next to the post, ami the smallest 
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hurirontal bar b placed at the end of the pin. Separate small sketelu^ arc draun to 
the horirontal and vertical farces acting upon the half pin. The streffi in thouaands 
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pcauiMitf in of tJie foui IS X bnni oni^'riiurttt of the strcBS MS ppvtm ctt thp 
iJia^kin, of 217; ivnd in t-aiirh of tUs 24) X 1» ■ 247. In order to salMy 

tl]<? eondittubs of &C|uilibj!iujik, the horlxonLal eompoiieDt to bar uf the main rliagonji-l 
i* (2 X 2-47J — (2 X 21T) — i50^ tJie ftirresponding vertical oomponenl la 00 X 34,0/ 
28,5 “ 7lp and thv forr^ in onc-ktlT of tin? powt mmt bn the isame. The lever fimui 
Bte fmind aa foliawa: 

J^2 -t- = 2H 

mn + m) + + o x m*} - 

+ ^”5 + O d) + H + JV " (ifcSsijming jr’i-in. rnjafordiig plates and 

rivets flnttvm'd to im) 


Hurizontnl t^mponent^ 
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The rmndmunh bunding tnouicDt for this arrangement is Si t fit point 3^ ainis thU is 
obvtoUidy gruiilur than the resnllntit ^64# + 133* at point a, UMng a unit stress 
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of 30;00a ps\, wo find the diameter reciliirtsl for bunding ie anna “ 

■ wO l/iiOOS 

/10 X 217 

ivliieh is more tbaa n?qiiired for flhear at 15^000 psi or a ! - - . ITie preseiicu 

' X So-O 

□f thi! rouEktor does not affeet ihu snio in thia eas?, be^iaust! the nuL,\imu[D moment 
dots not fall at point 1 or 5 nh&ro Ihu iocrimaud lever arm La mvolvEdi 

Reinforcing Plates^ Ruinforcing platen arv iwrd (o ativngthrD thi^ weaker parla of 
ini'inbi'iv in order to develop fully the atEvngth ef the rtmommg p&rta. Thi' rntthod nf 
dedgning I he n^inforetng pluivv of pin-wnineeted trusseg, often cfiJlud *^ptn plaU*»/^ 
typihes the detfign of aJ| reinforoiDg plates. Eyebnrv need no leinforeunajot^ providud 
1 bit the pin,H ajt.^ large uamigh to give BHifiieient bearing tkrvtk to develop the bars. A 
buUt-Ljp tni'^mb?r, whet her riveted or wySdeti^ may have one or moia^ web or plate which 
f^ar^ tipf>n the pin, Lhu pin being ItiAcated at the cuntor nf tb' web.i at the neater of 
Kjavify-p or lM-lwk>eii the two. Rei nforciiiB pbtew an- Mpod on these wehe or plates to 
futiiafli iidthiional bearing aiaJ to hfilp dEslrihtjte the Ftn!9^^ from the pin to other 
parts of the membt'r. In a tenidoTi niumhur, the reiiifonring plati^ al;^ LRcrvase the pul 
la-eliofi to prevent failure at the pHriholiys. Similarly^ plati-a are ia*£?d to reinforco a m^in- 
ber that woflJtenfd by having part of the flanpi^ eut awfiy for eleariLtiee. At least one 
plate should be m wide m thi^ availublu apace la^rmitSi acid eaeh plate rthouhj be aa long 
as it 13 wide in order to develop properly I he rivets along iho eiiges. iSotnu apecificntiona 
requiro *hat one plate should eKteiiil to the farihtT wlge of a stay platu and the othtira 
d in, I'tuyond thi- neaivr e^ige. When the emb uf twu mmiiresidnn ituunbe^ra bcftr on 
fippoaiLt* xtrlita uf a phi, tile outer plote--* on one meinber anil the Inner platta ofi tlw‘ Other 
iTM'mIair may pikSs artniikl the pin to hold tht! niembera io portion during erection nnd 
to tiiaku thim less liable to dialocatod by lu^rident. 

Design fur Bearings Onii-hBlf ihf’ total stn^ lu n nieniLer with two wefkg ii imparted 
to the pin through uarh web niid ita ndnforeing plates. '^Mkt*n ther^ aiu moi^ than two 
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wlw, ihv. pmpfirtirin \s ?kpptosimAt+ ly equal Ut tIh- n lutlvi^ proaMectioiyil an^ Im^Iwevh 
ILdlh drawn niidway thr Tbu bearing ar^ii t>f pacli web dihJ nMurring 

L-t foynil by divuling thi’ iN>rTt!flptiniUns^ eiwss lon^i^half ur other portmn of ibe 
total strt'RH) hy the unil &lkme<l for b*'ariTip^ cni pins. TV mmbitMd nf 

ihe web and itu nntJorcing plateif b found by lUvidiiiE^ thin V^ring an^a by tli« dkfuetrr 
tjf thr pint wbicb mu^t V pmdetemiiTHfd or The web ihirkiu'tsf^ -iubtracted 

frum this cembiiuHl lhjckof.«H, h^tving tV ihsekniaf of rvitifoiring pkt^ nK|U!in?d for 
VariiigL thi^ may bt^ subdividt^l to ntiit spwifir’ ocmibtion.'-, usually with a minimutn of 
H nuil a inaximitm of %, IF it in fnilHbviJLvj, and if it Ln lo V- rtvek'd, it ilt¥iirabU’ to 
plRcv part on t-arh ntde of thi' m I hat thr will lie in double shear and iKtirtT 
mnn^ effective. 

Dfr^gn for Tension^ XoT only mu^i the itinforring plnl«^ for a ttinnion member be 
desigTMKl for beariThg us for a eoTnpmHlou luemtier, but tlu-y tnu-rt alsij ninforev the 
luember for tonwnn, for the pin bi^are on thu outor ^urfure of the hole and tonds to pull 
The memlwr apairl at the piia Not only niusl the net area of eroi^s Biietion through the 
pinhnlefl Folly dtvelop thii tiel an^n for whieh the main mi^mber ijh di^igEa><i, bot most 
Hpecidraiionis requirt* eui excels of 25 to -lO jitrCT'nl. The TM?t aH-u for wkicL ihe luembt-r 
La dcMgneri is gelM^rally through the mtt‘ of rivets in tV rr-inforeiiig plate UtL-Bje^ the 
eenler of tV memtHT. Thu dJaineter oF tb.^ pinhole h so slighily larger than ihe pin 
that it miiy be taken thi^ sina^ in compoling tV nef feelion. Due allowniicje must be 
made for tiny rx-dticiiou in uieu due to Hangus of chaimul^ nr ewtgk^f. Ving eut away for 
etearance. The membtir must f 3ctend far unnugb that i}u- mt an^a tH^yund the pin 
jneasuiTti toiigiludiiuiUy is from W to ICX) pereent of the rud area of iwctimi of the 
mabi menaljef. Hnnu' tenMon memherr are cut short of the pin^ and the eniin,- stmw ia 
carried by the pin platE'*^ 

Rivets"Hequirfld- Tlu' rivfts ^hmild ilevelop the full fc^eiLring value of the reinfnndng 
plate^H and in a ti-nrinn meml'X’r tliey sIiuhIe! tievelop the ten^^ile strength nf the plates 
as well- The developed slft^ in iK-minR ia the thickness nf t he plate? required in bearing 
tuiiltipliE^l by ihu iliaiueler oF the pin and by the unit stress in Varlng. The developed 
in teimion vi ihi.^ iw-t an a nquiivi:! in ihe plates multlpliiHL by the unit in 

tension- If a thicker plate is ne^'deEl for tensioii than for laviring, tbe developinJ stress 
iu Iwaring is that jiart of the tniol whleh the thickness of plate used tK-ars to the 

thicknt^stt of plate asid w'eb eombinwJ. If thi* plates are all tm otir iftEic of the tV 
total nnmlxT of rivets is determimwi by lhfc^ singk^shi^ar vaJLkv uttleas the buaring vaJut: 
in a thiii channel web is le«^- The total numiTer of rivets must {lOSS thRiugh tEiu thiekust 
plattN placetl nr^t lo ihe wub, but thi^ outer plati's may be mode lihorter, twh including 
only the rivet47 Rq uin-d to develop t hat plale utul ail plates outolde It. As far as fEiasible, 
The rivets ph^mhl lacaU'd mi us to distribute tin- stress protHirtioEtateJy among tbi? 
compEim^iit portif of tbe menilw^r- If aliout half the plates ore placed on LlS' opposite side 
of i.hi' t.h\- rivels nn.’: in dEsiifdi^ shEitr. If these plates are I'tf differeot Lhiekni's^^ fhey 
mav be of [Hffen'Ot lengths, each cv>tilaiThing enough nvvu to develop the plate: the poi^ 
tinn of tlw timiliiig value oF I he d^iultU^bi^ar rivets wbirh iLmugh plalL's tm both 

FldiHi is propoftioiiul to the plate thiekueit^;*s, hul Ihu full value ^jf the ■nngk'-shL'or riVets 
]s mad when I buy through |jlaU-fl mi ms' i^i<le only. 

At the i'Uii of a eomprtwiiKri rtH'mlN’rp all Uu- rivi*ia may \n- plaeirrl on the i<ide of the 
pin towani t he center of thr nH'mlsT: in fact, It hi i.pFe4-ii iib^-ia HLHjiry to do SE3 when act o|s- 
piling nuMiila^r l^-^trs on the upividti^ suh* ctf the pin. Tla^ distributioii of riwts on op- 
[swite nidE^ of an iiifemiedjate |nn in a I'onipr+'X'^ioii im-nil)er is deterniiued mueh as in a 
teruHion niumber- In a tenriim na-mls^r, lb^ immlsT ttf rivets plaml on th‘ wdi? of tIie^ 
inn tow^ord the rtmter nf the menflxr must conforca to ec-rtjun mininjuiii HUil maximum 
limits^ and thi' n^nininder of lbi+ total numls^r is ploei^i iM yonid i pi n . The mini mum 
numiM'r in tie plalirfl Is^twtam the pin ajnl till- ci-iiter of iho iru^mla^r mu^i du vt'lop ibi* 
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Hircngth of the plfire^ Ttqnirfd in H'lwion, and rho ina^ciinuiQ number nuwt de¬ 
velop the teiiJtiItT iitn'rgth of the pbtc"#i aetualty tiften, awme rivef^i mupt be 

ftaiti^iwN^j fjr euunlrri^unk tti elear eyebarv or fhi- nut:t oei the [mei. 

Welding. If tla' rxdnltifeUlji plutet^ nre Eu Le wetded 111 
plilCt^ tlw.‘ EjejtiKn b tiiUrh tb- tilin' rt# if they m^tv 
riwtt*dr Plnten miiV Ih' Ehieker. Wiih two or joon^ 
pbti's It IP nUik' to moki^ tluuu of ^lifTi'ii^iLi wk[tlL.<» 
anEl k-r>Kth^ in order to facilitBlu w'etiljii|{. Et-ou ibuoKlL 
they Eire ori opp<s?Ele mdpi\ of tb' web. tbt'y fihoLild be so 
placed that the weliifl do riot mnw din^ctly oppositcv; 
otherww, tb‘ tiixi.-- of iraeb wt'ld y* IfmiliHl iu iwo-EhirtJiJ 
the web tbekiii^. 

lUasb-dtive Problems, 1, .Urmferr, To 

duiiKn thr reinforring plates at the end «f a top-rhnivl 
memtier dompciswi of LlI 30 ahd 1 covrr pbil^ 1-1 X ndLh n rnaKimuiii 

pin»s3 of 4130,000 Jb, tiS ahotvm in Fiff. The pin ia 4 in. aud tbe rivela in, 
Unit atreijisfts are 1S,I)(X> psi in shear, 40,000 jiki in b-aring on the rivetii, and 32,000 pesi in 
bearing on the pin, 

ill eaeh web and its rnnfarrt'ineiit..... +. . 460^0CN> -j- 2 « 230,000 lb 

fTombined Ihiektiui^ of Web EtEtd its plates... .230.000 -J- (4 X 32,000) « 1,80 in. 

Ttiiekiaiss of rt'inforcing plates. .. .... 1,80 — 0,51 = 1 Jfa in. 

Part of the total tliieknes.-^ Li plai^-il on liie baek of the well nn<\ ntadc full dopLh, the 
remainder on ihe outer faia? bi*Lrtg limited to 10 in. by ihn fianKc^. Two plstea 

are used tin the uutrdde su tliut one Euay be extended to surmuiid the pin^ having iu. 
on tlje iniide. 

The total number of rivets nM^uired k J?|* X 4 X 32,000 4 13,250 - 13^ Umited 
by double sb^ar. The outer ® ^in. piflte need include only oue-half of the rivneta^ 

is one-bilf of the thickness? of plates on tbd sidii of the web, hut tfte spacing is better 
if an additional riwt is inehnlpd shtmii, 

2. Camprevsinn Member. To design the reinforcing plates elI the hip end of u top-rhord 
meriibor cifjniposiid of two wtIw 24 X two but turn angles 6 X 4 X 3ii two top atip^lcw 
4 X 4 X 7i(i Olid one erover pbte 2t> X wilh A lotal atrftM of 1130,000 Jb, as shuwu 
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in Fig. 34. lliSe an 8-iii. pin with a unit slrowt in bearing uf 24,000 faai and I^-in^ rivets 
with a unit stress in nhear af 13,000 ftful in l^ejiring 2!r*000 |)?i. 

8trea§ in each web nnd ir« reLaforet^n^^nl ..*>00,000 4 2 » 450,000 

C'ojtibim*d thirkuefia of w'cb and pbtti^...450,000 4 |8 X 24,000) = 2^^ 

Thiekness of reinfureinK ptatw*... . . . .2^js — H — \H 

In urraiiKinK thE^ pbiti*fl su Elml flk^ cr^nter nf lamring eumi^ nmrty op^Kiedte the t^enter 
of twairiEig of the end p€Mt imd with I lie outer 10 X H P^uEj? of the top chonJ and the 
inner piale of the end post surrounding the |d4T witlauiE interference, alJ tl^^ pEaies 
are placed eUtaide the web. One 10 X piste ia plaecd belWEMhn the aEigles und au^ln 
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STEEL HESIGN 


u tMirk u the batldm to serve aa n iiilvr. An LalenDediaCe 

e3rtenclin$E fiviir ihu vertical of Uie muJuas up the renuuniitir of the rnioirinJ 

ihktTti^^ ASX iH ptuci’d uknij;^ the top an^ljat to iDiikp up the cOlfenmrr 

ill thkkness in the ^njsk*. 'ITio area of tite haJ/ menstHT is (2^ X + (H X 2^) X 
Hi + + 5’^ * ^ 3; the atreso in t|je liolUim aiiKle w 4.^,000 X o.QivSS.S « 

^HjiUQO, aiad the co^^espo^^JiTl(^ nnmlji't- of livetja at shear in HO.OtX)> 8,120 = 10. 

Thia deternuDcs the kiiptl] of tlie mtermediate plate and provides more than enoujgh 
rivetfl in the top aui^. The number required in thp outer H plate ja X 8 X 
24^000 -K 8,120 = 9, and the toUd in aU pkn» is IH X 8 X 24,1)00 -i- 8.120 - 42 
The 16-in. plale ia e^^tended to the out4.T alay pbite im the boEtom, and the practical 
apacLne of the rt™ta results in a sonwwiint larger nuTni>er timn the total reiiuired, 
^me of the rivets ncur the pin are countf^nmiik but not chippcfJ, to ejear the inner 
plate of the end pcKft^ one is cuuntorsuuk outside to oleur the nut an the piiL 
3, roFflprra?iort If the BjJates for tbs memher of the precH-diiiR 

problem wen? tq be ift'chlod, tliO atTan^L'liient alid the dr- 
jdj^n would be substanfLally the smae. T'he fillers can lje 
biude J6H: X H welded along the edges to the weh 
and to the angira alzio. iTie 3-iti. fitlcr should be w tjldod 
alonje each ed^^^ The J4-UL plate can be made 22^4 in, 
wide and w'elded to the etjrred filkts or made narrower 
and welded lo tlie vcrticBd of t\\c anghs. The IlMn. 
phae istn be welded on two or thrrre sides; it would rtf|uire 
H X 8 X 24,000 4- 3,6Qf> - 20 in, of *iirin. httet weld. 
Thf weldn along the top and boltoin cdppfi of Ihe 
plato to develop this plate and the outer one would 
I *4 X 8 X 24.000 + 3,600 - 60 in. ^me of Ihis ran be 
piaee^l al Eho end if desmaJ, iprovided tliat tho fiber is at- 
inehed to the weh with ,‘?uJlieient welding; either the filler or 
the H'lEt' lihtv rnu-*it be weldetl to the bottom angte to 
di’ivithip its 80.000 stress. 

>!. Ten*wn .Ifffmtffr. To design the plates to connect a 
hip TeriieaJ composcKi of one plate 12 X wnd 4l*« 5 X 
The stress is 250^000 lb, the unit slmss iti tension 1S,000 p^iin 
in liearing on the pin 24,000 ami in bearinR on nvem 30^000 pel. The m^nv 
Ilfr ia irut off helew' tlw pin, and iJw platos tarry the full load, na shown in Fig. 33. 



3H X f i to an S-in. pin. 


Btn™ in eaeh half mnmlwir. . .. -..... 230,000 ~r 2 = 123,000 

Tliiekne^y of plates required for bearing.. .123,000 + {8 X 24,000) - ^Ha 

Net area of half HeetJon uaed, through ri\'et holes 

(H X 4,5} + (2 X a,03) - CH X 1K) = 7.87 
40 percent grt<ater net arrai mquin.'d tfunuugh pinhole _, + + ,7,37 X 1,40 • 10-32 

Width of plate requi™! if fHa thick. -.(10.32 ^ ^Ha) + 8 = 23 




Ttiis would be too wide, and sio a plate is plaml op eaeh shie nf ihf angles with n ^^-rin, 
filler between, the inni>r plate being notch^ over the w^eb 
ieiits. 14-in. pSatisf projeetlng about 2 jn. iic^^ond the 
nngUa would luive to 10.^ (14 ~ 8) = IH 

pinhole, including the fillers. .4s«^uinlng that tinly H ^n. 

<^ti Ifce used utiUdde thiF anglca twr«kUiw of elparatiec, the 
thickni^ of the inner plate must 1» I >4 - H “ ?n = 

. ... , 7=37 -114 -(2X H)(X H 

U «t the pmLot** ftitfl -14 - iJi - =2 X H) - " 

H at the ontmectson tn the oiiiglM. 

The number of ri^'els requiml to connpwt the plates 
to the angkas, tjearing jn ? g, is 7.37 X 1 Bn000 t- 8,440 ^ 

Ifi. Tbs number of rivets to develop the fillers, placed below the eetiter of the pin, 
is (14 — 8)H X 18,000 + 8,440 - 5, two beiiig placed above the pin to hold the 




F[n, 36 
























BRARtXll PLATilS GRILLAGE BEAMED (M 7 

pbiturt t4.^rLker. ThfjSL^ aJi: Ezimfilerniiik Iq ftluqr the rbord membefA. Tlw n^i length 
Jibov^e the pki k 7.37 -^ lli =■ 4^^. 

5, Tm^inti Tp disiign the G-in, reinfordog pkte:i at the end of n. fuiiigiT 

cPinpujicd qf tU'o rha.tiliL-'y ^ Ln. 13-75 Ib^ from u-hich a load oT 140,lKX9 lb [A fcfii!!^ndcd 
by means of a 3-in. pin, as La Fi^. 36. 1‘lkp miii slr*w9eK arer hearing 30,000 

i^hear nn rivets l.5^tKX> and tendon £0^000 pan 


Str™ in web ami it^= n«mfort‘<?mRiat..... . . . 140,000 + 2 

t'ombinid thieknea^ of web aad mnforcing phite.70,0(10 + (3 X 30,000j 

Thiekniiis of plate Ter|uired for Ijwirmg..... ..0.7S — 0,30 


Xel area requirwi at pin, determined by rivet holes in llie Ranges 

14.02 - (2 X H X 

TLickfu?a& of plate rttiuired for tension 

14.70 - [4.f^ - (3 X 0.30)11 ^ (« ” 3) 

tSitesa <levi4o|j(Hi in hearing.. . -..70,000 X - - 

JSfl+0.30 

litres? iteve!o|ie^l in tendon . -{0 — 3) X Pie X 20,000 


Total number of H-ln. minired In eiingle alinar.........45,700 4- *1,030 

>tiiiiiiiMEn number required nbove the pin--33,800 -t- 0,ti3fl 


» 70,<X)0 

- 0.73 

= M 

- 4,70 

* Ha 
= 45,700 

- 33,800 
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the thk’!kntis& of the plnte k detnrEnine<I by teEidon m liere+ the nuudmum niEmber 
□f rivetA thnt tiuiy hi* placed abiivc tlic pLa iii the lomc oa I be mininiuTn number, except 
that the number actually developed shmiM be ejtprf'swiJ by a declnmi; this i^hould Ijp 
suhlrnefced from (he tntal number in diHumal form tu detonnine the munber bulnw- the 
pin. This gives 6.0 ^ 5.1 =* % or orvo more titan 7 — G, Thu net length of nicmUT 
below' the pin ihould be at least [4,02 — (2 X X O-30)J + (0,02 + 0.30) * 33%. 


BEARING PLATES ANI> GRn,LAGE BEAMS 

Bearing PLates. Ftci^ranguiar pteel pktt^ are under (he ends of wnll-hcaring 
litaiEis to diMtrihulc tht' kiadi< over tfuEHdj'tit anavt po thnt the alfowed beaiihg valued of 
the luo^mry wall tit+t tjc exeiwded. Most cntnpmwis have standard of plali'* for 
umhl eondEtmns, but special plates ai\' Eieingm'd for heariM ftiib relatively large ntiuitiond, 
for Ft>of trua^'d, anti for light plate girdenf or latii-nvl gjnlers. The required atv» of the 
plHtc k ef|Ual to the zimximum reaetiun dividL-d by the alluwi^l Inurittg value of the 
mftPonn% which ta usually from 200 p«d for brick to GOO for conpivh^ nnd 300 for gruniti-. 
Usually the iHiattn extcuch? entirely arrasa the plat Vi but if too long it may extend through 
the wait, and if too fhort the ktqd may craek the wall. Common vnhii-s am 3 in. for 
fieanii* frutii 7 to 10 in. fleep, 12 in. for btamiB fmtu 12 to 15 ia,^ and 16 in. for deoptr 
breams. The dimcnHiinn at right angh«f to the axis of the beam k taken to the uian^ 
inch to give the necessury Ijoaring. The la^aring plate# of light imswes and girders an* 
usually bolted to the ma^^Eiry either ihrcHJgh the angk-^ or thnirngh tb' plates btwumj 
I he angle?*, nMUii K4rig k‘ft |i» turn tb: tliS# may nquire the use of longtT platop. 

The thiekne#* of the phde {ie|xuiib on (he project ion /> beyH>nd the cmIko of tht^ super- 
iEupEn^d and a] niHl shtmld b- suIfieicEU to di"Hii4op ihe iK'aritig vulue e>f (ho nia^uairy eiI 
i'wry The maximnna IwEiding niomenl per ineh along thi^ edgi- iff (hr? j^ifh-r- 

incEal *Iuh‘ eei thi" imifonn pn'nijnin^ >?.i Em iindenside un X p/2, which bi 
Hi.'A^istifEl by a l?eAni of mrLmii^lEkr crtHg# sii?clion I iri. wide and i in. thick, the rt^isting 
moincnc of wbk'h ki H these on? c?quflri'HjH usmd erpm^uon for tb- thicknesa 

i-^ found to Ia' I ** p\^2ib/Jr When the load u? appEiftl to the platv by na'ann of angJi-#, 
as in the case of a roof tnisa nr light, girder^ tlu^ combi oinJ tlucknei^ of the plate and the 
angli' must lhi ifitfbL''umt to pEvveut (K>ndlng at the t-iigi'S of ViTtical legH of the angle#;: 
(liLH eombiniHii i hickiuESA ie found fmiu tlic ^UK- expirt^kkn by takiiLg the pmjeetioa p 
fnini the face t-if thi- wrlieal leg, and I he plate tbickncuA is foumi by subt reeling tb^ 
ihicknt^ of the angle^ the pLati- licing nuulc thick eiiEiuEti to moot b>lb couditlonfi. Thu 
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Lhif^kni'^ l 3 usujiily lakeii to iht.- in. Ai oni' I'mi n( a nr lnia»^ twm 

plttt^is may 1» ii.Nr«i iftft™! of one, tbt! siirfaoai of oijnr-act. NiinR p1jini>tl t<i adlow forex- 
.hIoIUhS hitk^ buiiiR uwhI in t!iL^ uppL^T plate; tach plate nwsi be only >io 
thick afl ft sinjttfH plate. 


[lEiLBtrativc Probltifi^ To a iK-aiing plate (at a rmif truft? which rwl* upftti a 

brick wall, ar? shcsw-n In Mr. 37. The l^otlom-ThDril ernglM ure 5 X! 3.1 ^ X ftnd th«y 


jR'piirjktiHJ by n jciu^t plate. 


The truLvinium nfactinn b- 22,tXM lb and the allowed 
Unit nro 200]:i^t bcaHllj; and 18,000 

l*i?i bending. The bearing area requineiJ 
IP 2-ZOOft 200 - J10, A 10 X H plato w«iW 
but if J;i4n. anchor hollB are 
tJie liole* would be- punched &Umt 2 in. from 
the Ciiges of the anglw to allow fnr the Eqm- 
ing nf the nutzl, and the edge dldtauce Would 
be 1 f-i itir, making a niimniuin Iciij^h of 
H + + 2 + IH) - 14*12* It would 

iy? LkotEef to Lcirttift^ic? tla- artia rather tlum 
rednci* the ISWn. twaring of the tm^, ami 
u eijm^jTfMJndiOK reducitoEi in the develojad 
Lieaiing fc may b*' nuide to 23,000 -i- (10 X N.g) = lh2.. The projection p beyond 
thenngh'd is beyond the Tcnical Icgfi U 

— fj, » 0.68- lliL- tblcknnaw of the plftt o al thecMlKFid th e angle 1^3JkK^3 X 152 -18,000 
= and at the vcctioal It'g i3 6.b8v'^33<T52/18,000 — f ^ » A*; the siie to Lk." 
vs 10 X X 1'2H'. 
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Pedc$tiis. Bridge gjnjers are eckmmuniy FcippikrtiHl by east-iron ikr emt -fUtn'l pL^ii^-al ah, 
03 - ^heiw'n in Fig. 21. ThF^.- p(wh«iEBlis ate faSteniMl to Ehu rika^ociry by anchor boltfl, and 
the [fintens aje liolti'd la them- Slotted hole^ ftre pn>vidi!d in one end cd girdcra up to 
bIkkuI i^pan to allow' for [ Kjsaiiiuori, tbi^ t^Pjet of the pdextab and the hnttnmEi of thi* 
bearing plated on lh4^ girdura Iwing pJaxjLd. Si^Knanital nillerri an? ]?laeed under the 
jy>di?KLala at ofH‘^ end for gnM,ter spaiid. ri|>ucial hinged phrxw or rocker? arc Uflid at ibi* 
ends of flotiic of the longtjr girdetw to prevent uneCjimJ di^ribution of I ho load upon thi.' 
maMpry^ aa the girder deflects. 

Shoe:£. Bridgi- trusates arc usually sup|wrted at the emln by pbk?^ tiwn I hough the 
n.Ht ijf the tni &4 h rivet^Hj or welded, in order to keep ihe reaction.* vertical i\-gnrdles-^ 
itf thi^ amount of di'fk^ttion. The jiins hju supported by ca-t-eEtHd phots or by sh-ocs 
huilt of plates jmd anglitf*, thow nt orw end nstirkg upc^n npller rviwtP to provide forex- 
paruiip>n. Tln^ w'pdjfl of llte tthoL^s iniul la- thick ennugli tu fumbh propiT hf^ariiig on the 
pins, ami tbi'y mti-*i stiffeiu'd hy niiglt* lo prct'cnE bucklmg. .\nglc-g are upod to 
tmieimit tlu' stiTWHtw from I he w'etw to she bearing platts tpf thi^ shoc», rivets or welding 
U'ing pripportipincfi accooliiigly. Thr- end Hnor Ix'nmH oiv nsualiy mmnicted tn the shoes, 
particularty at ihh' e.t|ianHion entls, ih» Uint the bridgi' w'tll expand aini eontrart as a unit, 
which Iff not po likely W’hell the; t‘nd ^ringer^ have Pt-pamte bearingp on the pierp or abut-^ 

niLTklil. 

Column Bijses, Ccduinn are of Iwik principal In mill buildings, the 

ruluiun hjftkls are c4>ni]auatiMdy light, m\ii tbc Ija^ s mii^t be anchored Ui the mai4H>ury 
pierp to preVCJlt iliiphi-niimUkl by nCrcidclit null to rthdfrt e|h; overtunuJig efft^l of the 
wiihI- Cross hrnriiig i™ la* UH-d iitily at thi^ enihi uf mill Innlilings^ aitJ the wind pn?,«" 
pun' on sidffi mn-*l Iw rL“Hist«J Inrgi’ly by rolumns acting a<i h-onis fixwl at the Umw 
i-ntjs. The efifi'ci nf this, coinbiiR-tl w'ith tin- i ffert uf iHrcentric loftrJing nn lla* wliimna, is 
to isUhe^ uni.Miual itistribution <Rf live load on tla* nui^jnry and may even caujm nidift 
on one Pide ^ that anchor ImItK are In order tu make thi* anrhom cFTectivu, 

the I^OH- plates must la^rurely riveted to tbc dtluiniu*^ so ihat the rivets carry much 
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cir ^3 ol toubi. CtflLiiun^ vhkh nuppcjrrt- t.TBmf mnwayB eur aJ^ miliLd to bcsj* un f.hi: 
hsifti p^Atefl. Than lyfH." of bust in tlinctiAwNl icon- fully TjiwJeJ ‘''InduBtriaL BuHdiiii^'' 
{p. 6-72 :■- In rtifift- buildinp^, ihi^ itta'Hnen iMrt itilniivt^ly Ijuge^ fiitd, ex«pl for t^l imtrciw 
hqildinig^ gt tutt-cm, thr: dnid luodn mct'od tho uplift due tn wind, no that no jijichcia°?c ure 
rt‘^nin-c|. From tlm tiiktunii of I he bidldlnj;, then.' i* 4ilight chmoe of di^ptan'meut of 
f.Ni column bjw>F by nE!etdeiil, mti] the etiliimn Ichtui t.mniuilitted by dlrurrl lieannigii? 
ally injBirieht to hold tlii^ roluinrii in pUin* nil bout aiiehoring. Rol Irtl-nttJLd sLatjs niv in-rwt 
tis^\ for tlio: typi' of bnse, although rftsL-ffteel brtsefl are at ill tim-d by i-n^neerK 
The methixl <if ih'nijpi fora niab i^Rnimikir lo iliat for & lieoring ptatt, utJy the nUb pro- 
j4.!et.H on all four nidef* ftnd the rhjrkrie-’i?3 ij>= determiaed by the majcimum projertion. 
The iiiottom faro of the roluoin in milkd^ and the oorreipciadiUi^ niirfatJt* of thti nkb h 
planed to eimire uniform Iw&rinif- The lend from the eolnnin k artefumid to have a uni¬ 
form inteneiity tkf over a nHftangle tb? dirnt tL^lona of whieh hjoO.-^ of tb^ mlumn 

depth and 0-& nf i b* eolumn naiigt' width. Ft ib usualiy desirable to pruportinn tb* flaii 

that The projections are approximately et^uaJ. l?Lai> widths, choeliy in multiple^ nf 
4 in.p and sfab thiekne^-# In inches or half inches are standanJi24-d as showri in the table?. 
The h^ngthi may la- flamt- eut to rjimejuion. 

UltiGtraEive Ptoblem. To design a sitvl slab for a 1-1^^ ralunin ^pporting a load of 
450,OCX) lb, with on ahow'ed bearing value of 500 psi and fiber aKtvs^ of 20p0Cl6 pri. 

^ - 4.10.IXXI ^ 

Hearing area = —-—— * i?00 
500 

^bse of S4|uare base = VsOO * 28.3 in. 

The ne^re^t ^(aniinrii wiiith ia 28 in., and the rortesixinding li'ngtli is = 2fl. 

^J'hr depth of ctilunin is 14^ h and tlu- flanji^'- wjdEli 141^, the longc^^l projeirDon bung 
|29 - fO.S X 14.5)1 + 2 = 8.i. The thieknee? » 6.7V^3 X 500/20,000 - 2.3, but thu 
nearest standard thicknesg for n 28-in- slab L* 3 in.; .w a 28 X 3 X 2'5' is ujseii. 

Grilliige Beams- gnlbRe b'amii may be uiwd to distriibiite a eolumn IniuJ over 

tb' proper area, Tb' purpoat' is pzinuirtiy tn distribuLe heav'v louds to rock, but they 
may be u?ed to distribute smaller iomts to sod, allhoogh reinfoi'inNl eemerete fnntin^ 
UXV usually cheaper, A layer of eonen^te is laid below the Ix'anas lu provmb a smcKith 
level Iwnring nt the pfnpi*r K'kTvatiuii. Whi'n this eunrifte mat Is on soil, dina.'nsinns 
aPL? determined by tb*; alluw't^ti bearing value of the soil; it m made 1 ft thick luid thk is 
sufhrient tn dislribuile some of llm pressure so thaf tbr lawyer tier of laiiniK need extend 
cmly within D in. of thi' n^^lgo iil the mat. In a rock-tx'anng grillage, however, tb' di- 
na'nsion? of fb' lower fuTcif b'iiM? arv deb'eminixi by the allowid iK-aiiiig on eon- 
ePi‘t€^ Ei'vidiijig mat, whieh is made to extend fn>iii 4 to 0 in. beyond, the Lwams. 

A hHding h appnivEmntidy SKiuarep unktv a rectangle h requireil because of space 
limitatinnH jfueh as profMTly lint's, nriltagr- beams are usually in one nr two tiers, 
thow' in the jH^mnd Esi’t la'ing bT Hghi angtes ta ih«4H* in thi" first. Thi' iK'am# are kepi 
propt^rly spactKl by* nuiLi with gos-plpt' separaTors. The spares lnd wwn them are illed 
w ith eonende; tbi’ii the iH^anis and tlio slab an.': iMnwiHsl incouen'ie at least 4 in. thick to 
hotd the fkart.« in posiElon and la protect the steel from fire and TOrrosjon. The minimum 
rlear dlstjMiii' between the flaEiK«'-s nf tb' uppt-r tjer in 1 Ul- anil in the IthWb^r tii*r 2 in,^ the 
luatimiiro [b tb.* lower tk>r Iving 11-^ or ^ tinu^ Itui ilangi! wirilh. Wlh'n m slab If: pro^ 
pctrtiunj.'d from tbr tw’ftring vabi' id ixinrh^te, it may grobU'il iu |aH(ilion, even though 
grillagE* la'ams all" UH"il. When grillafn' beams an^ Uacd to liduet" the si A" nf the slab or 
liaH"^ pLnlr, the latim? be arcuratriy Srt, olid llh.* slab i^if plate fbUsI Ih? planixl if 

EieceeMU^' to eusunL' eimtacl. id the .^tiK"! surfarx.:?. One diiuenrien of the slab ronst bi 
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at (east 30 pum-ul the length of the uppei^ticr btiju™, and the other dimeaiiUiivi aumt 
exieud at IcBxt % in. beyond the writer of each oyter hennL (^roilarly, the uppers ier 
iKabui tnWl wctf^nd at least H m. piwt the CMiter of etwh ouUt beam of the Jowtr tier; 
it may be aierumed that the upper bennw will ejttend within I in. of each outer edgi> of 
the lower tier, hut the (engths may hnve to be mviped after the lower Inanvi oiv designed. 
[ beams are u»«I rather than wide-flanged beams because of the nanower and 

Ihirker webs. 


Design of Gnllage Beams. The ujiper-tipr beania aw first dmigned for bending, 
and then their lesdataow to buckling ami shear is in^i-atigatcd; the Unrer-tier tieams 
are usunlLy delonniiu-d by bending requirements, The beams of each tier support a 
total column load P which is distributed uniformly thmughoul a diatanre b', etpial to 
one dlmensian <jf the stab or to tis' extreme width of n superimpoM'd tier of heams; 
the beams an- supported by an equal force uuiformly dulributed throughout the 
ectini liTftKth L. The maximum Ix-nding moment is at the center. The downward 
forci-s acting at the left tif the center may be nplnred by a single resultant fnrw P/'2 
acting a dlatanco L'/i from the center, and similarly the tejujltaat P/2 of the upward 
fortea acts at B diatanw L/ l from tbt- renter. An cxjiT,«,ioti for the bending moment 
nf all the iH-anis in the tier is found from the moments of these resultant forces; thus, 

f 2 ^ ~ f g ^ *’ 'ThP combined wettion modulus of all the 


beams is found fHim this total bending moment by dividing by the unit stne« aliowexi 
in iHmding, am] this should be equaled or exceeded by the product of the number of 
heams Used Hwl the wet [oil modulun of a Singh] beam, rjtrger beams aiv requited 
ill the upper tier than in the lower, because them cannot be so many placed in the 
nviiiliihlii flptins 


The wet™ have a lentkocy to buckle at the junction of the a^-b and the curved fillet 
of the top flange. The effective area is taken ns the product of the numlier of beams 
thi- web tbicknesH, and the effective length, which is the slab dimension L' pliu iwiw 
the vertical distanw from the flange to the junrtion of the web amj the fillet The 
tota! Milunin load divided by thia area raust tin) exceed thi- value specified for wcli 
rnppEin^. 

The n-.-dstaore of each beam to ehi-ar is found by mulUplyiiiK the unii bi^ aiwriliwl 
by thi- ama of the wrfi. Le., the clear depth between the curved fllleta of tho flangti. 
tir™-.-= the thickness. The resistance inijat equal or exceed the shear found by multiplving 
the dislaore in inches that the beam pmiecte beyond the supeiimposL-d lo^ by the up¬ 
ward forw per linear inch of beam, Tliis upwanl force h found by divhting Ihe total 
column load by the muidwr of the Ix-ams nnd by the k-ngth of each Ueiin in the tier 


niustrutive Prehlem, To design grillagv la-ania to dietrilnilo the column load nf 
^,000 lb on the 284n. by 2!Wn. slab dwgtud alxive. owr n soli aiipporUng 500 
Ib per sq ft,, as ehown m tig. 3S. ( ae qnji iFtn-sses as indicated. The approximate 

si»- of aquare concrete mat is \'4j50,000, B.fiOO - fl.3 ft. Awume that the weight nf 
tlie beams, dab, and eonrrele encasing them is nppmxmmtelv eriulvaletil to a 2'4-H 
Work of concrete Sli ft square. I’hia is loss tlian the total d™th of mat two li™ of 
beams, sJah, and a rcnii^ approximation i» ns elooe rb neoemaiy for an emir in 
pcHK^Lt hjia irlikLively BmaH ufitcFct, 

AssumeJ weight ...... .fi.a» X 2 .0 X 150 - 27 000 lb 

Revised sue of mat V 477,000 (J,500 - S 5 ft - 100 in 

flivrl of tSiy |«wi*r titr oJ . . .. x 6 ]l « 9 Q i 

BctUoui modiiltiB of ail boaioa in upper ilm ' 

l:*-,- I t a-to t !ii o 000(00 - 2 - W) + {fl X 20,000) w 166 

8i»tiaii moduJiiH Di 5-1?/t 3Kd. 

.‘ - c r . s ^ K 1 
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Cle*r batwotn btam flAn^es.... |28 — (3 X li) — (4 X 3)J + 4 - 1.6 

Wuhn resist biifkliii^ because, p ....450^000 3 X 0,33[2f^ + (!^ X 1H)I ^ 8,230 

wtiieh U IfswE ihflia 24,000 aUow«1 

™ ^ , 450,000 00-2-20 

Shear aa wch beard.... 5(W) - ~T) ^ - - 

nrhich Is k^a iUah. . ...... ^ ^«13,000 X 0.75 X 0.35 » 44^400 

L* of tbfr kiwtr tier -* extreme i^idtli of upjier tier., ^ .28 — (2 X i- 5 * 31J in. 
Scetlim modulus of all Lbe beams in tbe lo^'er tier 

450.D00(£» - 31,5] -»■ (fi X 20,000] - 1G5 

SecUon tnodulus of 1&-7 It 15.3...- ^ - - - - ^ ^ v, e..,. ^ ^ 

Clear apacu between beams, *, - {10 X 3,66)) -i- 15 « 2 .1 


The maximuin dislajici! fmin iba cud of tbe upptr Iwam tp the efige df the lott-er bi^m 
3 GG 

■H — 0.75 » l.OS; this is s« ?lcee to the 1 in. osauined tlial iiu revision is iiecea;;drv. 

The buehling is ^50,000 + 10 X 0,2^5|31,5 + (2 X >K«)I “ 3.JW and tli* shetir 
^ ^ , 4SO.OOO KJ-31.S L , . 

Dti Each beam is X- -r -“ 9.1-10, n-hith U la$e than 13^000 X 5.3T X 

I d X HI £■ 

0-25 » lT,450r Usually if the %eba meet the buckling mid shi^r requirnmenLg in Lbe 
upper tier they nmcd not be ins'estigated iu the lower tier. 



BRIDGES 

The various eomponeitt pojrLs of a hridi^p tbc type# of truss more eommooly usod, 
tJw Icuuis sustained^ and thi* miTtboiis of eomputbig itreaws are explained in aSt^stion 5, 
Tn this seetioop tin? dejfijcn of ihu various parts of b bridge will illi^niled with as little 
stress eompulation includi.'d as posable- tn order to show the interrelation of tha eoni^ 
ponent parts, an illijiitratlye probfem wiU bo carried prpgrij^viily aldng with tbo teat. 

Stringefa, The atrip^rs of a through railroad bridge are dwogiipd to support tho 
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kifoiiiotS^X'^ with It# Lnipbrl aIIowahiv. thv tnu4, rhi- nlnnj^^Tf^ Anti 

uftyn tuiilAift wilb iU i^ufiport Intnjui^h. Thi- luiul^ pur tmtk hxv diviJcd equullv* 
Afnutfc^ thu tftritini'Hi^ uiiik-i!^ Imrk t# ram'tl. Two rullisl J'wjttrm or two stringe'f^ 

rtsiu|Ait?ixl I if wub |>1att^i And aii^uti i-oiiiEuonly t^*i\ 1o Mippirt I hi* tiiw iif njjt.^n-flonr 

nnisl nindiJli. Tlti- cluptb iv Bplifcititiuiluly cnn'-sf'vi'iith iif thi- fiftAHn if nnl 

n-lAlivt^y dcfp, cowr plali^ miiy Ik' irtfluinMl and U nmy ht-diHirtili to pravidi? 
rivid.*s ill (bu ilanio'^ suid in thu E^mnwhurm |o thu fliMir Tb- alriniP'rs itf a high¬ 

way bniiKi> An‘ dt^t^iKTa'fi to ^tuppi^H thi‘ t-onvcntioniU ronpontrsited lemd.^ fliwwified, 
toKidhur with thu |ibwitu>iie, thu wla^its, or tsltu'r Ripporllng nK^lump ibs' FirifiRi'ra 
tht'Tn»dvi*s, and any irpikiiijt piurudi or any pmN^H’r wvurin^t whifh may bu qst^d. 
Tin" [iiaiiibution of itiu whuul lomh to tiu* «ftririgier? dupemld od thoatringur ^padn^ anii 
thu typu of duorinK^ h.» H iffhway ptrin^E? may bt of ndtJorcud eonmtu or 

w«jd, but moat oft4?n in a f^U-ul brid(5‘ tJa^y ajt rallud la^aina. WcaKlun atringurF aru 
ako caltud ^"Jdihih." Thu minimum depth nf highu^t' utriiii^.^ra ishoolcl Iw ajs spmftuil, 
from ont^ Iwi^nty-flFth Id □lu'^fifti.N^nth of I he Fpan. 

Floor learns. Thi^ uffmrtive Een|E:th a floor beam iii thu diHianeu from wntur tq 
center of jfiiderH or truHafl. At uarh atritkeer conncetloti k a concuntratud load whith 
cHjmu* fmm t Ja^ fllrinKLiN in aiSiaoimt pnmdi, Lneluding thu di^nil Soati from thu Ht ringer 
and thH? traufc or pavunamt whiuh it nupport;* and thu coiruifpcindcn^ live loaii and iiupact. 
Thu maafimnm himdinB mcmamt dm? to tla* coniS'ntmuwJ ioadi? orrurs at thu nT linger 
poim lawnert thts a^ntur. Thi‘ N-niling luumenl diiu to duad loade concwnlratud at thu 
FtringFir points of a hiKhway hnclKE^ imty often fniind mon^ ronv'unlii'nt ly by mi'iULU oF 
on t^tii^'aJunt milfomi loaiJ, provided that thu buodinic oionamt tp taken nt tln^ e^tringer 
point nuAupfit thi' uuntur, mtluT than at the eontet. .similarly, bending moment may 
be found for uniformly distributed live liMwia. Thu bunding mciinunt due to the weisht 
of the B^ior beam ttiiuJf is rmtximujn at the center. Thu Uvi* loads on adjaoenl ^itringuflf 
are placed to cause the mas;imuin concentrations. The mjiximiim concept ration or 
'■floor-beam puaetjonif” in a niilrcia<l bridge are found frtini a special position of the Iocch 
motive a# eiplmncd in Suction 5, Holled beaiiis or built girders are used for the floor 
beam? of highway bridgM. "ith the Ptringent eonnurttd tn i he web« or to the lop f!angua+ 
built girders aa^ usd for ntilroad bridgi^s. 

Gijdax?^ Tb« iracks of durk raifmnd bridges rust dirwtly upon the girders, and 
the padtioFi of thu livi» Iliads that eaiifle muximntn bunding moment w thu nuiriiu aa if 
thi? lofljifs mllud aufowB thu tups of tiu? girder?, [ik a higlnv'ay giirilur bridge or a thn>ugh 
railroad girih'r bridgi^ the eoneimtnit^i^l loads art^ pkuud to mei: the tiiax.iinuiu K^udlng 
monvent at thu floor Ix^aiii oeantit thu ct^nler, and for ihia pn^tlcm the tlifTfruiii eorru- 
Fptuiding uuneentrtitiori? at tlii^ ollw^r fliMir l)eam? nrv computed. .\n odd nunibi^r of 
pani'Is is preferred so that the tuieciinutn Ix-nding moirumt will In- The uiaxlmum 
fnr eoiiceutrated IoacUh lK^th live and di^axi, will occur at th«- Ixam OL-arest the 
ecnli^r: the maximum total WruJing munumt, inriunling iliat ilne tn the weight of ihn- 
giirjE'r is iLHuaily At this nami^ point, Iml it niay man r the center at the point of 
7 )(?ru shear. ^For t}i4- c^jmmon types and proportions of girElum, p. r>“f!i3^. Heavir-r 
girders have veriinil flaugi! pialea bctwttsn the wr bi? atui atigU^t^, and SLimetlmus four 
angles: are use^l in uarh flange. 

Truss Brid|e. The lii^eign tif iyprral miMiilH t? oF ik- highway tniRF bridge ahown 
In Fig 3fl will turvu to lllnstnito LypicaJ bridge duriim, Tim .SpuciOnaikmi^ for Htuul 
Highway Bridgus K'Comjftfc^Ld by tbv AAt^HO, 1&53, will be u.iud witli im loading. 

i^jrtjfn nf iSfrih^crjfr. ll tK aailSlllnE?d that A 12 -Id.l as|}hll[t pavumunt Is rarricrj by an 
84n, nfinforced ennen-te ?Jah m>wtMw£ t€i JO in. at tk' it uter. The ma.timmn hemilng 
moment in the rtrifiRt^r cktut# at the cimtor whtn thu rtw wb'i^l of a 20-lDn tnick b 
placed then?, Thu wheel katd i# -lO.OOO X 0.4 « IG.CX», but Ihc' loud |M^r elringi^r U 
increased by dividioK by 5 fi anii multiplying by thw? dbitanuiH bi<LH>?en stringer^. Tht- 
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percenUKi' ^ * 3^, whprp L the atrinEi^r [piiEtli 

16 ft but the muximiuu vulue of 30 perraitt tM kut.'^l. The beudmft moment due to oon- 
contmted loud oiui (tojiscl - x ^ X S X 1.3 - 0l,3ft> ft-lb. K»ch ^trinxur 

sanies Jilta a dead load of 5,5 ft of a^plifilt and roni-rpte, e£|uiii’alerit to I ft of i^diicrete^ 



plus the weigh! of the iitriiigier, a^^umed to bti 30 lb per ft. ITit bendliig aioinen! due to 
di*ad Itmd = X 5.S) + 50 ^ g- ^ ^,000 ft-lb, Thv- ,ie*ciioo iqodiduB reqiiirLtl * 


12(01.300 + 38,000) 


— SO, which n^quire^ a 1(^50 wjch’-fhknKi'd beam. 




18,000 

Desi'pit Cl/ fimr Ertims. The nuLKimum brndinE niiifiM’nl due to live load at the 
HtriuguT oeareFt the center due to a uoifunn ItHui of ft40 lb pi^r ft <)f 10-ft Iaup plu? n 
eoncerktrftted lead of 18,000 Ih pt^r Il>ft lam*. With a .-trin^-r at the ecnler and thref- 
IntMf* *yranwl ricahy luiufod oa ^^hnuTi in Fik- “10, the lOlaJ live Joad L? [(OlO X IG) + 
I8,000]3 “ &4,700 and the bc^nding mamcait ^ 42,350{IS.3 — 7.5) *=> -105,900 fi-lb. 
The impact allnwajiice is fotuidi for an I. ef 37 
which gives raorc than the 30 percfnl truyci^ 
iniufi. Chily 90 pi*rcoiLt of liw: live IlhmI is 
us*jii according td Ihe specifiefltifinit bt'cause 
it is imprebahle that all 14^1* lani'# will he 
loaded at nneCr The liiending mnnieiit dui' 
to dead load eno be; taken as iinifuttiiSy loaded 
from center io etnitcr of tniiwea Ix^cause the 
Weight of the mxh and cfinncelion ajtgles nmkiai up for the fact that the j^lah 
and Rofhr beam extend nniy to the face nf thi- trusst and any difTen'nn- bt m 
near rhi‘ n?actinii ihnt it W iiltle effect: the bend log monu^nl is tH!{ui valent only at 
points nf conci^ntratlon at ihr strlngtr points. The weighiF of the Firingers may l>e 
taken as equivalent, uniform loads by dividing hy the dtutanre the tween stringers. 

ITie dead Itmti per fool ^ ^^150 + J Iti + 200 - 3J50, and the buiidbR nionu nt 


i 



.... sf - 


Keq. -10 


2J30 


X 18.5= " 47O,fi0a. 


The lotid liendifig nKittk-nl is i4ti5,900 X 0.0 X l.a) + 470,000 « 1,016,000 fidh. 
Tile wetiurL mcHlulLis - 12 X 1,016,000 + 18,000 ^ 677, which requires a 33^230. 
Thtri muglu more than the 200 a^jsuEniHl but is strung enough to carry the ifXlra load, 
The coaiprea'inn Elongi- is laienilly supported by ihi- tH)iam-le slali. 

Lciitd^ (rti jMW Truwes. Tik' maxiniUEn livn loads uti one truss are obtained when thu- 
thni- lant^ hmU are odjactml to the curb nn liuaL sidt-, aa shown in Fig. 41 r The live hind 
per paiK'] h^Iw to the uniform loail is tMtl X 16 X 3 X ^ * lS,(10(h The pnnErl 
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lewd dut t4j tbi« livt load i* ZS,€00 X 3 X X 0.9 * for monumt 

ajid 26,000 X 3 X X 0.9 ■= 38,000 for fthpar, The- impairt for tht hip Vf'rtiisaJ 
Li — iM 30 p^rcL'nt fti* fof the floor lK:!H,nip but Tnr aJI other w 21 perevut 

found fnim lb? funnuln for L ** 1J2. 

The dtiad ]u*(i from eueh floor beum ia 2,770 X = 51,200. Tlie wi'ljght nf mpb 
tniju, including bhieiD^ per psinel, ia Apnomtimately equm* to iW totid leni^tb in feel 
timt^ the panel loud plus one-rLinth the total Inad from v^h Soor beam, or 112 X 10 + 
151,200 + [15^000 H“ (20^200 -f- 7)11.211 + 9 * 10,000. This mftJcea the tatal deiui 

|(wl pier piJU'l 61,200. The stresses are found 
by any of the melboda dfacribed in Section 5; 
ihfi total strvtseea in Idpp, includinj; dead load^ 
liTB load, and impart, aje shown in Fijg. 88. 
The Ptreseea dtw to lateral forces need not be 
eorundered bi the desipi of the chord meinbera^ 
because they am hw than £5 percent of the 
chord stream due to vertical loada and hence would not mcrease the aeetionn iH^cause 
of the 25 percent jnrrwte in umt atr™ allowed for combined atreseea. 

IntfmiiMdm MemhfFM^ The EUui«nt plates of a livi.^tod or ireldod tnm« are usually 
-^hippe^l with the chord members or end post, and the Iranswrsc ibuu-mdons of the 
wTF’b members mwfl he such that rhey can be slipped between or outside the plate# 
with suitable dearaiio?. This neceasiUtM an agreement betwe^rn l!h* top- and bottom- 
chord members. The floor beams connect to the gtn^t plates, and vertical memhera 
muift be made to eoimnct to th? floor beams or provide indept^ndeiit connectiims. Thu 
hip-vertifaJ tension hangur should praviiJc for the sohh? floor-l^cAiti camu;eLion Bi* the 
other ■v^Tt-icalffn althoUfifh. ihiii does not ndsna&flmtate the anine type of menihEU"* In oniur 
10 k«!p the floor-beam eonm^iona alike, some vtrtiadH may be made larpir than 
rcfiuired for the strosws. PinH^iinTwctfMl must Imve top chonls largw enough 

lo houiw properly the upper pin# and eyef)ar!i, and adjacent joints miwt bi? arranged m 
that thi- barn are pomlleL Either the ftiwr beoniH of pLa-ronnected bridge^ muNi mn. 
nwt to the postjT above the eyebam, or else the bottoms of the floor boajuN must he njl 
away to clear Lhc bans, 

fTe* Mt^ber*. It Is well to diisigi] the verlicabi and perhaps the other web memljefa 
iimt, ijceausL': llw? width <if tnis?i is thus determined. Oommon socttnnei are Bhown. tn 
Fig. 42, Types 6, and t are used for tension, for ei>mprfe!BHiim^ nr for hu^mben) In which 
tl^un- hf a revt^rsal of strea#. Type d may be used an a vertical port with the floor beam 
cnimpetjnK to the flange* of to the web; if coniiflctad to thin web, a diaphmfpn mu*t 
inscfltjci to tmmitnil some of thr ptreos to the other chamnd. Tvpo i may ?crve w a 



FlOr 42 


diAKiMuil compniMioti mpmbvr or a* a vtrti™( pwi; the floor beam cin wniwct to tht 
aiu 4 {w or to the covar plate betwwo the ctanneli, Typt- / Mnj«?d Tor liebL diapHijilB 
with tho angjes) either titnuMJ aa showu to gt> between Kiawtt ptnleH or lurnctt iht? ollwr 
way to go outakl.^ the plates; countent afv often himej one wnv and iho main dinftonals 
the other way that they can paw at ikh interwcilon without bring spliced. Ultiee 
tern, iw lafteo >m>ii on K.nipteie.ion momiiers, and either Uttite bam or tie jJai™ on 
teiwioa memlwra. Then; u not much economy io uaing btlioe bam in the verticals 
be«u» sohd ptatea muat Ik ub« 1 for the fuH depth of the floor-beam connoction and the 


ij 




-- -JT' - 

Fig, 4L 
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depth tsf the hmeJst-t ml tho top; very- iittle aaetal c*n mved \n between, Tb^i 

ratio l/f Fhould not exceed J20 for eumpm^oh ur 200 for tobaioD. In 
tnisew, eyebara an- for tbc? tciudifii dio^iialn; n^ljui^Mdile f-y^diafTi or loop mdji nir 
uned for counterp. 

The ureitiP&k have eompn-nivo of n3,.fXX) aiid 35,000 pjid a topwlc -stress of 

125,000 rMpediwly. For otm? pojit, jsotne imrtal migtit be mved by u-^ng four angle# 
nr two ehjuiiieldi, but a wide-flangpd bestin Boction itqyirea no Hvntn or TelcU; exeept at 
the emls^ and a lilllo excess h i\i!rtifir.Hj in oim* irMimbor to savn shop work on many 
members. An 8-35 ia the sniaJfeflt with a minimum web, and it hat* a SH-tn. gage 
whk^h simpEkfiee the floor-beam connectioki. The aiea Is 10-30, and sh^ toast rfidiua of 

gyration 2 j 03. The safe load at 15,000 - pi** (^15,000 - \ x 2Q3» J “ US,400, 

which is puffideut for Iwlh and Lit'*. It m also sufEek-nt fur iki hanger LtUt 
and the diagonal for thij fiaA? loflid in tcnsiuki, 4 holes btiing deducted for Jf-in. 

rivet^t IS 110.30 — (4 K 7i X 0.40)110,000 « 155,000. An 8^ must k- Un*4ed for the 
244,000 stress of diagonal Ljf 4 - Two angira 2^ X 2J^ X may uaed for khr 
ixmlral dijigonals, with a net aina of at Jenat 45,000/18,000 » 2.5. The angles qf one 
diagonal nkay be pliMxd in^de the plaU^s, and ihoee of tk? otk'f oiitside lo avnld cutting. 

Ch&rda. The usumI type* of top^-hurd ami und-pu«*t w-rtinms nre shown 
in Hg. 43fir and h ; type i is used for jjoiiie Jight highway half-LhkhUgh bridgwn w'Mch are 
not deep enough to pr-rmit tk? me of overhead brating. Lattice bars an* lOMfd acrop# the 


LflWdf dars 


mi 
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Fin. 43 


Fjo. 44 


kjtloms, iK^caust} solid plates couM not extend fuJ! length without intcrFering with the 
gusset plates or iliiigouuls. Tt Ia di^airuLle to keep the mdii nf gy^raijon about the twn 
axes nearly but this ia nut always feasiblje. The clear diatnnce between webs must 

provide fur tk; guarfet |i1ale? and wob inemk^ra with nkmi Hs-iii- nltwance each side. 
The depth of a pin-w5unecUfd metnber mu^t provide room fur Ik* hemk of the diaguJiaJ 
cyebars wikhout interference with the cover pktefl; tk pin should be pkcixl at the eeiitef 
of gravity of the section, but in a small member it may have to be pkeed at or near the 
center oi ik weti to ntake mum for tk* eyehars, even ihnugh accimdoO' aireasew arc 
milled by such ccckintrkily. Tlie amount of eceentrtcity may k minitnirt^d by nkokiiig 
the cover plake rclalivTiy thin or by using light KiunUlcgg^'d angitis at the top and heavier 
unixiual-loggLil angles at tk bottom. The ttunlmufii thickness of tm^tal, including 
rhimnel wek, is UHUtdIy % for railmail biidgefl anil eit ht:r Pfg or f-j for hkjgbway hridgea; 
a cover pkte shouUI not be thinner k han }>i^ thL^ distance between rivet timrs unli^ the 
extra width U negket^vi in c^mputiog the effective of cmfK section. A uniform 
depth and w-itlth ahoiild: maintainixJ in all u^jM-honi anil end-pewt liections, Lk dif- 

feri'nre in benng prt>vid<Kl fur by changi'^ in thictni*®?. 

Using a nie^mber of ty^pc the elkniiiielfl mnM bt‘ in. bitck to back to allow for 
the krgeat Web member whith Is dtxip, f*-iin |fLis».E pkteo, anil for 
deariLiite on each side, Ewn wHilh 12-in. rhonni-lfl I he leaat radiujf of gy^tation ia about 
a horizontal axiPji so it ia I'cnnoiiifcC’.Bl tn u#o iheni in preference to ehuLiinehi; l5-iu. 
ehanneJs nuiy be used if the 12 ia not largi* enough. The lightest 12 with a min¬ 
imum wt-b is 12-26, and the lightest cover plate which will cowr tk flangi-s and have a 
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ihi^ktiLwi thf diittaiicc brtwrrn riwt WtMm u 15 X Tli** *fiXo l(»id at this 

myciioo. Ht fouml fiilbwn; 


Art^ ... . ... . , 

EciTOntricily.. , , . ^ *. +..... . 

/ CibaLjt hnrixontAi tlirtmigb iA*j|U»ri>f 
T™niifi»r.. . , . .... . 


- 2X 7.32 +5 00 • SO.tH 

6.00 X 5, ly ^ 20.51 » IM 
(2 X U3,5) + {5.00 X = M7 

. 20.54 X - 57 


/ Rhcf]ji alb through iwnlei- u^ jEruvily.... 

r*.. , r ^ , r . ^ .r .... * i , , . , . . 


-loO 


.■VJIowtHl unit alrpufi*......*.. ■ •^^. 

Snfii Itmel liL'rtinn eu^uiitfid. ..... ^ 


. .---4m/20M = 21 8 

15000 - ^ 

4 X 2\M 


14,5SO 

14,580 X 20.54 - 301,000 

ttriL'a mmi he inerciu^^ by 
The ktticu hars ghouEd be 


Tbw ift Iem- thjLn 33t'i',000 in f And ttii 

330,000 - 301,000 

- -=■ 2.4, clninging the ehannel^ to 12.^ 

14,:k30 

designer! he expkineti on p. (+18 fqr one-hjilf of 2 pcTcenl uf the 33il,000 or 3 350 lb. 
The trftitoVfirse d^lj^nee betweea Hvtt Unes » + 2 X ^ In uml llw-length 

if pLiCTd at 00^ with the wans b 15.2 in. The width for fi-iiL rit-ets is 2^.^ in a.m\ ibt^ 
miEdmiim thiekae^ 15.2/40 « U in. The istrungtli of a ? tatli™ bar Ln l^naiim b 

15.2' 


(2^^ — X 18,000 =■ 0,280 lb otiii in compreieinn ii 15,000 


4 X 


12 


- 8,500 lb, bciUi Of whirh exceed the 3,350, Simjbrly, thi- other toi>^iord iiieinberH 
n^imtc iwti 12-^ ehiumelb, and a 15 K ^ ph^te. 'the end jawt with a length nf 2ti 4 
Iws n unit strew of 13,850 nnd a ntnastt of 349,000, which itKiuire^ two 12^ and Iti X * i. 
in Koini! brSiigesf, the bending due lo portal M-tioii iiuwt be tonsdensl, e^n though an 
L[if:;rea.ge \b allowed m the tmit ulrui^ 


T’cntiofl Chorda. Ccmmnn of tiveh'd Or wvldrtl bottoilHchoTd SMtioo an- 

j^utRTi in Fir. 41. Thu RH^nil^re jkH> pla^ml iiiHdL> th(r gua^-l pjftttw tu uJkiW for la-tti-r 
noor-lwam coftnEriiona. Tk pkccs or kttire ham wc us«| iq }u,r«on[kl planms iiuUwJ 
of platiw, in nfck-r to ptovitk U^ttcr ElmiMgn-. In pjn-coiirw<ctod lrm«e*, oyoLum an- 
u*!fJ for tbi- bollotii-chord mi^mbem, escopt in tho ivo pntulK at rwh end of a 
tmtk miltoad briUKi.. Rht'ne stiff memlH.n. nsay bo ihv(W to proti.U. grater rt^akLann^ 
to oVertliming;. 

A a.4.iii. leii u iht lariBoKl that ran bo uwl horiiont&tly in typej. k, w m, ainrp S^in. 
well ini>iiilK<m are uswL Four angtcD am not larp. .nnuKli for thi> wntral iui<mlH-r; m 
typo A or HI ia used. Rivtla in tie pkte* luwi not lio ptamf oppofito ihw* in ihe vi‘rtir«| 
BO only one hole for a % rivet need bif deductiM) from tmeh aiiitlo. Chord njornk m 
am iMually aplieed ithlt-pimdotitly of the KUsMt plait., «, e|.«e to then, w fom-ibk and on 
the Bide of ibo smaller atitvw. Thi lut inber ii, tb- rt-nlniil panel miL.t b,- di. 9 iKtH-ii 

for a ilr«* of ICH.OOO, but it would ejitend past Ibe gumet plahu into the adjarinl 
panels whi-n' it need In* spiked for only 336,000. For a net an'ii of 404,000 -!- 000 - 

22-4, fotir nngks 4 X 31^4 X 5^ and two 10 X J.i plate* i.iav be iiBi.d' i^iinilariy four 
Mide* 4 X Z'A X H nml two plat.w tO X lifa may hr tim'd for U». iui.i four analt^ 
4 X 3^1 X without plsteM for Id^g. 

Lotrrol Brrtrrritr, Th‘ hraeing between trunse* stilTetiji ibe hridgi. as a whole and 
m^isia WhH whieh lend lo distort thi‘ bridge Utenlly wieh jo. wind ami the swaying of 
the loeomDlives, Mod.™ prattkv rails for Wvnr bmeiriK than i, iisuhIIv miiuired by 
the rtrwwea, and the btacing is more or liim standardinsl by imeh eotnpajiy so that ft 
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ia univsiefasjy n> pjUcaUtf> thi- in thi^ chrdiKuu'y hridgi^^ CnB®* bnirin^ iia ihi.^ 

plbBU isf thn bottom chiwiifi I» ctiiiiwclod by pStitprs to tbi.^ floor aiui to the girefers 

or truBM'^r tJfihiMrdtioni* ire nwuie sJtm to the bottom^ of rTkilroAd-bridge stiingenr to rev 
liew the floor beima oF trartion wirkine?. wtueb might hurkle them. Single angles are 
ii«xl for the bottram latemhi in prdtr hndgi-£ and the lighter trtefa hridgL^, but double 
BtiRlL-ft in tht^ hoBviiiir briiJgework, 5 y 3^ X being » Mniunun silt-. Tht^ diagomle 
of tofurhorJ orrws bradiig an? mEwJe of lattirL-d ii]finbe:r^ of suUabb depth to be con- 
MTtod to the tops nntl fKittom& of the chord siietione, two angli^ about 3 H X 2!^ X 
bring ifivil for the average highway hridRe atuJ four angh^s 3? $ X X for the 
averap* milrtiad hhdg^f, Vurtitul tranpverse bracing is umnI ai pafud point 
of a thioiiRh bridge betwwn two tnii^es; this w at least twice as dwp ur the cbofd 
incmberH and as much deeper as the etearanf^ sdtowe. There are usually two or four 
angles at tha« lop and two angles at the bottom of each sway strut, wiih dUgonnl anglea 
betwf^m them- Porta! stnitn vov used at ibt' ends of through bridgw to transmit, lop 
kteraJ sftesses to the abutments through the end p«ds aeting as girders: c-ach strut has 
iw'o anj^^ at the lop and two at the boltonip with either a solid web or double-angle 
diagonals between tlw-'m, and knee hraois carrying the ^tresHes as far down the end posia 
Oil. foBSible. The puttal should be mH-dt* as largi^ as ihe clearance permits, and iht depth 
of ihu iruss should be sufficient to aeeommwiate w generous portsJ strut. In deck 
bridRi^, vertical emsa hrueing belwfwii trusses is u.-*i‘il at each panel, reducing the sises 
nf the bottom laterab ami making sway braces and pnrlaJ braces uniu'cessaiy. 

Comber. Bridge ore budt with a slight comber or veitleal curve so that the 

tmrk cu- floor witi assume a homontal position under tbi'' full load. This Is usually 
oflectffl:! bv making each station of the top chord fllighily tongiir than the calculated 
length, approximately U in. for each la ft. A highway bridge with Inclined appniacbes 
is built with considerably mom- camber, in order to provide a smooth wrtical curve in 
thf^ roadway aJiil also the tiecefsary imdcrclearanH* al the center with mmimum hr-ights 
of abutmfmtj! and fills. 
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Method of Design. Tla^ steel skekiioti frame of on oflice-buildiiig type of structun? 
is designed for Lhe floor Imids, the witwJ forces and the dead loails of the entire Ikullding 
Inclu^ling t he panel or curtain wall-:- The wind fnric^w ore Lnumportant in buildlD]^ of 
ni<wterate height with relatively largt’ ba«?s, bul ih^JV beconu? ineniiaingly iniportanl 
as the ratio of k-ight to width inm^oses. OrJinar>' office bulldlngi^, and loft buildings 
for light manufacturing, arx» dt^igniHl by one of tk approximate '^'portar' methods or 
''cantilevrr'' TmUbods; mndem tower buildings am! disipied by more pn;-cw melhods, 
which are beyond the w-npe of this book. The approximate portal mi^htHl nullinefJ 
here is probably usfd an much an any olh^ir. In this metbixl. it v- a-^umMi that the 
shi^ttr in any atory L? misled equally by the interior eolumus of n bent and cint^half 
as much by each exteri™- column- Tliis h much simpler than to proportion the shear 
in acconJancD with tk moments of inertia nf ihc column sertinns, and tb* nv-lhi.>d 
hftS been usu-d with satisfaction in the iUv'mn of many buildings Fur etnulilinn:!! which &rv 
nnt exlnmui^ 

Loads. The fliM»r and roof bods fur wilieh a huilLiing is dcsiRlicd tnu.i't ta' taken for 
the proper elos? of strueturo from tlu' building code of Lhe city wla'te the building la to 
Vjc loealed.* 

Excvpt in huydiugi? fiir storage purisjsea, ihj‘ following reductions in (fcsiuiiied total 
fliwr live ItMulH are iH^rniissShle iu designing all cotumiu. piera or waltn, foundatioiis, 
trusHJrt, and pnJeni. 


■ Fat tliii itJfllJiCpd flf cdi?al*twn. ■« SfctJoo 5- 
1 Far m. rtMkpl*?*!! libuliokii of dewi miid m* i 


pip. &-V to A-lt gf tlwtlgc) 
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BT££L DE^SIGX 


Rsimictidn cir Total Ltvti Loada 


Two fkkUA... 
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Sev€fl or more iciora.. *.. 


For detorminmg the ui-a of fpolingB, iho fuU (twni IoiuIb plu* thi. lire l om t u, with 
reductuDB figurod ne pL-rmilltd alwve, stisil be taken; e^eupl that in builduig!) for 
human (Kcopiwicy, a further tvduetion of oou-luU the live load an permitled above 
Jiiai- bv ttiiwL 

The floor slab* an: initially of relnforcixl oancreU: or a nvmbumlion of reinforced 
ocmcfete and bolluw coma til a lj[[litor niBierial mieh a* gypa mn or lem eotto- The 
(irirpruoling araund ated bGam* and nlunma may be of hoUaw tile, gypaiun, nr eour 
ertitf. a minimum ihicktum of 3 Ln. of eomerete or 4 im of tile being used. The e:[terior 
Widla are carried by the beanw at every Soor or at alternate Awitb. Light partitiona 
alt! placed after the floor itlab* and an? often moved to mil ni:w Usnantji; the dab* and 
beam-i may be denigtied to pupport a ningk: partition in any ponitton, or an i-quivali^nt 
load of about 30 lb per sq ft of floor may be added; light Uted partitiona of g 3 -prum 
and planter wvjgb about 18 lb per sq ft of vorticaJ projection and tilu about 25 lb. Special 
load* for coiridora, ataim, elevutoris, ote., mujit bt* provided for. The winrj prewiure ii 
taken from the buikling code or apedficationa; it Li usually either a fiwd amount of 
Ift 20, or 30 lb per aq It or nlse a g;rad|iateil amount depcmdlqg upon the height above 
ground. The steel fnune ahould be braced to reaul the entin- wind, ueKlurting the stifl* 
rwss of the walls and partitions. It is not espected that the maKitnum wind proMiire 
and the maximum gravity loads wilt occur irimultaiuaiusly, and wi it ia cmrtomaiy to in- 
eroane the allowed unit ittresses by 33Ji percent or other tKrcentage wIh'ii derig^g for 
wind alone or for wind and gravity slrtaBw combined- Simf larly the live loads on offin- 
building columns are ducounted, for it i* not likely that all flcKiiw will have the maxiiumo 
at the Bamf timc!. 

Wind Stresses. Each transverse bent of colimins and beams mar n=«L=t it* share of 
the wind on the side of the building, or the entire wind pressure mav be roristed by rela¬ 
tively few braced bents. The end bent* aie braced tients, because the hruekets can bo 
hidden in the walls; Mmildtrly. braced bents are pImimI when? pemnment partitions fan 
screen tte brackets. Intermediate bents, with ardiaaty lop and bottom angle* or 
oonneotkins of beams to eolunuu, may not be counted on to carry wind rtTT.«ges 
the prqportione of the building arp such that such conncciion* nm nuflicient without 
special wind bracing Architecluml considerations, such as offset or umilled columns, 
also have their effect upon the location of bracing systems. When lbs braced bents 
have been located, a large scrtianal view should be drawn showing the bwins and 
coturniis of each different bcnl, upon w luch wind atn?s«* can !«• reconlL-d as deterinined; 
it is usually simpler to compute and tabulate all wind *tn?s8es first and refer hark to 
them as fieoded in the design. At every floor and roof line except ibMe below the 
ground, indicate n concentrated wind load based upon the preasuro tifbutuiy lo thai 
panel point; the vertical distance is from the mid-point of the story below to that above, 
except that oo wind blow* below the ground level, and aimve the toof then: is a 4-fi 
parapet or fire wall; the horfsontal distance is that portion of (he total li-ngth which » 
to bo resisted by the bent in question. Points of eonlraflc^xure arc assuimri to bo midway 
between floors and midway between cotumiut, The bent can be cut at any points of 
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ronlmflcxurL*, provided thMl ibt effect of ibt remaining partB at earb cut i!t coffipcaiMtU'd 
tor by horixontu] iiiid vertit&l compoiieintd externa] to ths portiou of the beut cut out, 
aud tlUe cH^iiatioud of t^qiullbrium ^ applud to ^eh eompouf^nta And to auy wiud fo/ecfl 
ActjnfE CMI UlP portion edii^tiiciriHl. 

Data fof Typical DesifiL To tiet^iiipi the steel t!>keletoa fratue of tbe odlce buildiuff 
fbovn in Fig. ’iSn on tlie ftjwuuiption ihul JueJiltwtuntl limltationd m|qite that brneketa 
for wind iraeing enn used only niong ibe end Ticntfl and two intermeduite benta, as 
indicat4?d in the plan by the htander beam tinest the tnUrrnjediate benlfl taking twiee as 
mudh A3 the end IjrnlH, 



Fia. 


LoApa 

L h per 
aq ft 


live load on roof......... ^ r,. + h - -.-. - — .. £5 

live load no intertuodlftle Hmm- -- SO 

Live load on fir&i mid bnseiiti?nt ftemm + *.. - -. ^ ^ * lOQ 

Wind load ..... . . .. ...... 20 

Weight of tar and Kruvel rtifihng.......... ...... ,..., ^ * IQ 

Wtilght of aufiwnded eeiliog under roof. .. .. i, 10 

Weight of ceiling plaster itndor efuji floor. -. 5 

Weight of wCMxlen floora fintertuedinte). . .5 

Weight of tile floor Cfirat floor only) 12 

Weight of conerett^ alnhs and (treproaring.... 150 

Weight of clndrr conereto fill (per enbie foot).. .... 100 

Weight of brick ruriain walla (peit cubic loot).............. J20 

Weight of tile fitvprDofing BTOimd iHilutnna tper cubk foat),« 70 

VVeight of fiaod partitions (vertiral prolBclSon),.... ,, 25 

Ef^tjJvalent floor load to provide for ntovuble partiltotm .. 2^ 

Weight of windowa nod metiiJ ^h^B 
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U» of ihL Ami’i-i™! IiiAtltutir of SUt^l Ooiuqtrurdon, 1946 . 

For thi^ hnuvii bonT shoBrn iti s^ilan .4.1, tlie t^sUmiil fwM arr fuiind an foUona 
tod wetKTcl^fd «n ih*- r^kiftc^L in thotL^rKb* fil pounciK 


[ii 

Roof. ..... Ea (4 + I14J20 - 12,1500 

l-iarhf1cKirabov«S4.-Tonrd. ..... . t*3 X ISJ X 20 ^15 lOO 

12 4- 1(1 

SecoEkd Bwjf.(33 X —^-X 20 - 17,600 

First fixtor.63 X 'S X 20 = 10.100 

Sbeviiij! StHEscs- First lbcriitiri< bunt id cut b)? a scries of bcriEcmlal planes tfarunijb 
tlie eoluians rif wwh story at ibiiir twints of oontraBcinirv. for any *tor>', thu total 
stwar ia the auni uf the oititniitl ftirwa nbow! tht iwetiori. aciJ this ia iwiiutl hv the 
Hsiumiie, lilt i«hi>ar in esteh mtorior column of a symmetrical hont bems twici- that in 
each exterior column. Thus, in scclion BB, tbi' toinl shear is 12,6 + (3 x Ifi.Jj - 
S7,D, one^suttb of which, or 0,7 is takim by each wall column am] twiysixtlis, or 10,3, liv 
each interior wlumn. Similarly the Hb'ais art fountl for each jclory. The shears must 
rvacb all eolutoin. L-a«-pl the windwarci column through the liBajni. Thus ihu shear in 
thii top Btor^- is 12.6, one^ixth of which, or 2.1, U tahen by the windward column, the 
rvinalning fivt-sisths, nr 10,0. paating through boam 4 as a liitvot compri'srLiye strew l 
twcHSHiha of thia is left in the nest column, ami tli/oe.«ucthB pawu throiifib the iwxt 
bejun, etc., but this (iiminuiioa has little effect, ami so tbo bwm (Itntigm.'d for the first 
paiwl is used thfoughout the width of ibe average building. In each succfwive story, 
ttie- dinTCt stress in t!he EkAui ib of tlu? addilionid force a 1 tbi.* Iilhi iSuar^ flinre 

five mxths of the rest of tbc shear has alrx*ady berm taken over by the tippi^r beams l thus, 
the dirvet stresses ste alike when the external forces are alike. 

Bepding Momenta When a coliunn itt cut at the point of ccnitraflcxorr. the foroes 
acting upon the cut end may be nisolvod into horizontal and vertical components, (he 
former being the shear as explained abo^yj; the vertical component is the direct rirt-w 
ia thiJ column, but this is not rcqiiitHl in determining the bending moment, because 
it.d line of action p^s ihroogh the point of momenta. The bending mom nt at any 
point in a column is ct)ujil to iIh* shear at the point of cuiitmlieiiun' tuuiiipiied bv tht" 
diatance from the even point to the point of rtjntrafleXUn!; this increases by din'ct 
pruportiun until the niaximuni ia reached at the uitemection of the cenP-r linti of the 
column and the beam either at the top or at iIh; bottom of the story in r|uwtion. The 
bonding mum*-niH in thu itilemudiau- coJumns an? twice lho«e in the wall lolumBs, 
because the corresponding sh*^ an; twiix> as much. The herding luottH-nts in thou- 
aands of foot-jiaunilp art- tabulated only on the rigbt-hiind half of the akplch, rinc! 
the stiESBes an; symmctriwl. To save duplication, each lamditig mometil bi oMronled 
once in each story But it should be rwncmb-rcd that this is th«r landing moment at 
the center line of the beam above or thK- Uram belcwj that the bendrtig moment at 
the mid.story is itro: that valui* between may be found by proportion; suoikrlv, that 
them are two values givun for the bending moment ml each ijeam, one for the eolnmo 
aixjvxv tmd ibe othtT for thu oolumii 

IW- Ix-iiding momt^nls in the beama vary from xero at thi^ mid-poioiB to maximuni 
at the cotumn eentenv the tumrimuni value .Ifa- in each btram being [Hjual to the sum 
of the bending monu nts in the uppt r and lower MUfrinr ftiiinmns at the points of intcr^ 
Mclion. This may be proved by cutting small portions of the Ijcnt at ndjawnl poinis 
of cootrafkiiir.- and applying the equalio.w of equilibrium. lo Fig. 4tw jdmvrinR iln> 
f^nnectioi. of the rucf beam to the wall column, the external fume, the dirt^l rtn« in 
the Iwam. and the direct jrtieeii in the ceJumn all paw ihmugh the point of moments 
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jknd hptirtr do not tiffcrt llip moment t-qtinikm. Only the boriEontfil ahear in the ooSunan 
(kud tbe vcrricul shear in the beam are Vdi, and tkiir moiuriir^ miul be equal; the boniiinir 
momfiit in the In^am <jquiilB tbe bending nvonwnt In tht- eolumD {& special ca^ of the mm 
of two coSuinn moments where one ia sero). The shear in tht' l>eam is 2.1 X 5 + 10 « 
1.2tS» and ibc com-spcadiiig direct ftn-JW in the ecilnmii is cqujiJ to but these iwed not 
be determined in ibia way or tabulated; they are shown here In order to pompliete the 
stresB dia^ams. to h, iHbowing the oonneetion of ihe roof beams to the intermediate 
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column, the vertical shear in the hrft-imod beam is equal and appoMie t* that in the 
other half of tbe beam in □, the moim^nl thus beiru^ made nej^tiTo. To satisfy the 
moment ec|iiat|om the bending; moment io the right-hand fca*ain must bt' (4.2 X fl) “ 
(1.2^ X 101 « I2.G, tb«? Bamc! as in the left-hand b^-am. Thu nhvnx ia also the same^ 
and BO ilijurv is no vertical eoiiip<jmmt in the intenm^te column. In r,, showing The 
eontifecMon of the cighth-llocir beam to rbe wall column, tbe bonding moment in the 
beam must Ijaknce tbe two ciilumn munienta i2.1 X b) + f4.G X (W+ for they art in 
ihe .mmi! direetkin, the shiiar 2.1 used for the lorn^r Ikalf eolunin King opposite that ufled 
wht n the upper half is coruridered. The shear in the beam is the bending moment 40 2 
divided by the half Seniftli of beam, ami the coirorpotniing direct sfnw in the column Is 
found from the V cquatmii; this may uot be the direct stress used in tiwign, as cisplained 
i n the next jutragrapb. Similarly d shows ihu conned ion of the eighth-Hoor beano? to 
ihi^ jntonm'dlat e column. 

Direct Stressea in Coluams. According to the asBumptioii cif ubi'ar distribution, 
there lire no din?el FlreaseF in the intermediate columns, ihe waJS columns redjFting the 
entin^ tendency for the whole structun! to overturn. Inslaad of UHJig the direct 
atresiws in the wall columns a* found In the preraNiinK poirngnipb, it is reasonable to 
aasumc lhat nit the wall cnlimins reavirt ovt^rtuminK even though not eveiT.- bimt m 
di-tigia^l fis a hiacfrd bent to pm vent distortion; by this a^umplion the fltiffneas of ihe 
walla, flutirs, aad partitioiw is count^'d on to ihstribute certain sirtwofi to the braced 
bents, which b< nof always m^gardk^ of whether the QTi.T^rHiming msisl- 

ance is fnawHl upon I he prewune on a single paiud or mort*, it is much simpler as well aa 
more aecnrate to find ihi- dtrecl alnwa in each story by to^ating the Ixnt ns a cantih^vi r 
inuw proiiw-liJig above the pcdnl of contrafij?-'cun' with a unifornity distributed load 
extending from the pciinl of contmflexun- to the inp of ibc parapet walb The eor- 
rcTAponding landing moment is resdsted by ibe momfiiit itf a couple, each force of which 
ifl the direct Stnitw in ibe wall cultimn, tim^n on the windwwd flidd. ami 
no the let ward ride; the k ver arm ia thl^ distance between tbt‘ aotersi of ihe wall col¬ 
umns. Aft eKpmsskm may Ix^ di^nyed for each building which givt'a the dim?t stn^ in 
ternis of ihi^ height U fnim rhe point ot cvntraBesure to the top of the wall, amJ the 
streifDfiea for oil storit^ except tbo«‘ hcluw the ground may he f^iuini from a ringje setting 
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of the slide mk*. Thm, far n. haritfititd. wction ikTaui^h any p-jint of contrailrsiinr 
mljove thfi pmimK the rpsuluot fcece is tbe pe*!” liimr foot tintaH H, utkl fht> 

bending moment iff thiff foroe timefl Ibia b equated to 60 tiimffl ihi' dutjct iiln^ 
required. The pressure per linear Foot i& 20 X ^ if only the br&cetl bem it^riata ovTf- 
tuming or 20 X 2] if each bent ia conindened, m we shall osmiroe. The dir^ strcfiB b 
thftTtifore 20 X SllT + (2 X fiO) or 3.5//" — O.OOCi6f/^ iji kj|M; far necUon BB, if » 
4 + (3 X 12) 4- G = 40^ ftjifl the direct stress is D.0035 X 4B“ — 7.4. Thb e^prewicni 
does not Apply to the basement coluiuiLff, because tJie wind prr?isi|tu b not applied below 
the fpT3iirid IcveL For ail boscmi-nl columns, the rr^suJtiuit farre b found from ihe 
e.TpdSL>d dbtAikce from tbci (^iiriii to ibt top of Lbe wall, iiut the lever tunn b one-half 
thb dManee plus the dbtimce from the ground to the pi:iin! of oontrmHexure. Thus, 


ifan direct atii^ in the basement ston- is 
20 X 21 X 104 


20 X 21 X IfW 104+11 . . , 

II0X1.0IIQ X. 41..,.be 


subbssvjuvnt story^ - 


60 X 1^000 




DKign of Beam L. Beam I is simply supported, and beam 2 b like it except for end 
eohikectiuns; buoin 4 has the same gravity loads but fcsbfji wind olso^ as explained later 
In thb design, ffinfor-cect concrete slobs are used with coacii>to hreprooGng around tha 
beams in ardiar to show complete anaJysbr modem pmrliee tf%>nd 3 toward some form of 
rate StMir w'^hieh b much lighter but with which it!iiiferi-i:od eonerete is used instead of 
intcriucclktc steel beoms^ the steel design being thus limpllliecl. Unless the sLed bi-ams 
extend Into ibo slahs^ t hey arc considered laterally unsupported, and must be designed 
accordingly; in this probkm^ it is assunud that the tops of the Blat» me 2 in. ahove 
thc tops of the beajns^ the remuDder of the Blah giving lateral support f o the beams. 
Defection b usually not serious if roof bt-amB am nl leant nue-thulL-th of the itpon in 
depths and floor beams one-twentieth of the spsu. The effective length of a boam in 
on innei panel is the distance center to cc^nter ef columns: in the outer ponoh the length 
may lie greater if beam 1 connprts to a single w^all iprder 6 which is plai?Hi off center to 
support better the curtain wall; this may require a hoavier lieam than needed for an 
inner panel unksn girder IS b mode of two beams, one at the columii ceuli^r to oupport 
beam 1+ ibo other at the wall center to support the walk Even though the Uv-o load docs 
not extend through to the atipport^ the liending moment is subrtantbdiy the mmr lu* if 
it did. In the prewnt LnotAaou, a wnKle wall girder will be used^ aKstinied to be G In. 
beyond the colttmii center, the efleetivc length being thiLt 20.B. 


IJve load per square foot of roof., .. . _,., — 25 

Elouflng .......... .. ....... ...» m 

Suspended celling......, .....« 10 

4-in. itdniinuin alab.,. + ^ .... h ............X 150 - 50 


Total load per iquitfc foot. . ^ ___ , ., ..... 

Superimpofiecl per linmr foot... . 

Weight ^ lO-in. be^ osimued. ^. 

a^v. .tiS:a + aH-a- 4 >i»^.K.x 2 ii 

144 


^5X7- 


X ISO 


95 

GG5 

29 

105 


Total load per font.^.......» §00 

Bending moment.. ... X 10.25* = 42,1X10 ft-lb 

12 X 42,000 - 2ap0QCVS 
5 « 25 

This ruquin^ a 10-25 widc-fionged Iseam^ which is detijM^p than the mmimurn 20.5 X 
12 + 30 > 0. For the 20-ft oentral jianeJ the same sue beam is requimU^ 
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Hic mliuznum deplh for floor bc-HTn^ iff 20.S X 12 20 ^ 12J3 or 14- The? totnl 

lrw4 per linw fpot of be&m 1 id an internusdi^Lc floor, includiiijC 20 lb per pq ft 
lOloKt^ for movabli?! and 20 lb per pq ft foa- 2-iM. ciudor conemte Ejl omund 

eonAwie, ifl{SO+S+ 5+20 + 50 -|- 30 ) 7-|-30 + - t ^ ^ ^ ^ 

X ISO - 1,2-HI. Thin miuirea » 14-30 bt<am. Tlie total Euad per linear'loot Ckf Eieniu 1 
in ihc fir^l floor where Ihe slab ia fl in. is [100 + 12 + S + 20 + (?i, X 1503 + 20|T 
_ , CIO + 2 + 2 - 63(7 -I- {2 X 2)1 

+ ^ +-‘Til 


! X * 1,S20. This requires a 16-40 bmm. 


Desi^ of Internifldia!? Girder S. Each rarw^ntratt^J l^iad k equ^ to the total 
load per fcm^t on beam I mijltipli£*d by I be pum of the half spaiu on oppoeitti side?!; 
tbo hair flpan m iht outer pttm.4 is 0 De>hs]f I he eMeeliyv knipli, uvoa tkoui^li ttw? oppo- 
Eito eDd in net fully loaik^, far the diferenw in opfilii^hie- Ttu.* h^ti^h of 

tinier is from CvdIct to centtir of columns. The maximiiiii beutlinK tnomtirit Li at 
the eont^rp but for two i^yminetrital eonrentratH loaHff tho boodkiK tnunwol ia >^ 011 - 
Ptant between the iotuis and may Ij« found more nuulily at um> of the loads; to this 
is added the bonding tuonient at the center due to the weight of the iorder and its ire- 
proofing. An intermediate girder should be ensHigh deoptir than the U^ams to permit 
the use of wal angle connections, preferably wilhnut eapiii^ In tht' ease here ctm- 
sidered, each cotLCoritraliHi load and the eorPRspondmK reaetion is E00(20 5 + 20) 
T- 2 “ 10^200. The bending momtnt due la eoncentratod laadB is 10,200 X 7 - 
lia,400fMb. Tini Weight of a lO-in. girder nasmmii with its hreprooflng la 50 + 

( 10,3 + I + 2 — 4 )| 7 -l -K 2 X - 3 ] ^ . 230 and the bending nionient X 

144 

10.5^ * 12 700. This ipvca a sect km modulus of 70, which rGquin?s a lC-50 beam , 

1,240(20.5+20) ^ ^ 

In an intermwiiat* floor, each concentrated Liiaii is ^ * £ 5 , 100 ,. which 

- , * I,S20(20.5 + 20) 

required a 21-02 beam. In the finft flooF^ the concentrated load is --^-* 

30,000, which requiros a 21-32 beam. 

Design of Beam 4. Beam 4 -nipperts the rsfime f^ravUy lottdi as In^Skm I or 2 and, 
in addition,. Ffsisla a bcinding mo-inenl and direct slrsas due to wind. The bending 
momont due to wmd is niAy imum at the coluiuo. cc^^ntciiSp xero al the point of contra- 



€rov 11 ^ 
loads 



Comhmid 

loods. 


Fio, 47 


flcHiMT at thf eerter of tbc Ijtani, and proport innate mnimfits nt inti’rTui'dtaU’ pnintp; 
thi> U’iulu« niompnt dw in imvity InatlB k nuwimuni at th«f rotitcr uf ik- boain nud 
Bt ibi; fiidi. viirj'inK ojj ths cvnitiiali.-i of a panibula, TIse eum" of ootabiDcd bc'ndiiiK 
ttiutnutiU is of tlio form shown ifl Fig. 47, and the point of miLticiiuni bending moment 
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OTEEL DESIGN 


iDflj' be fouod by tbt firrt dvrivHth^e af the expression fur eambincd i»efk[Lin|< 

moment t^qimJ to K'ro mid Milvinac for tbe d^nnee .V from the eenter of ttn- iwAm; thiw 
Iff equivkk-nt to tb' poim for whirb the shiiir b Kero. Tltr tumdiniji tnoiruMiT 

due to wiEitl a that proportjuu thi' bending moment M tr altvaily tabulat'd lliat A' 
tjeara to //2 wr 2AMf?r 'i: the bending monH-nt diK- to gravity lomi3 '» cme-half thi! loail 

per foot ir tiinert the product of the segments ^ ^ J vnbc of 

A’ that makee the combined moment nrn^timum b X = 2Mw/^’i and b ^niliatitutecl In 
the roregoing expieMioim for bending moment to get the Emmrnum. For eombint'd 
wind and gravity toads, the al3owed unit stress is 33.4 pejneent (or other pcim^ntw^ 
ripecififHi) greater than the normal value. The beam sclecti^ tnu-*it have j«yfficient n'^ 
serve strength so that the developed unit atress In bending, pSuj< the iiirect vfinci atrn«« 
aiivaily tahuku^l divided by titi: area nf crosi seetion, tlmm not exceed the adna'ed valuE^; 
nr^ by the speeiHrations used for this problem, the unit atr™ dcvidoped in bending di¬ 
vided by the unit siallowed in bending, plus the direct in compression divided 
by the unit stress allowed in compression^ shoukJ not ntecod uniiyr In the jToof+ the 
wind jitres&es are negligthk-, and the beam would bo tnade like bc^m. 1 ii in tbt^ doors, the 
siH? of the beam may be determmed either by the combiMcd Icaiihi with the incrcaafni 
unit stress or by the gravity loads alone with the nomud unit sin^ the maximum bend¬ 
ing moment at the center being used as for beam 1. TIu' weights of fixed partitiorui 
should replace an equivalimt area of live kmui on floor beanie. 

Gravity loftd per Tnol qn beam 4 of the seventh floor, inrlnding fixed partition, h 
1,2^0 + 25(12 - 1 ) - 50 X Q S - 1,490. 

Bending moment for gravity Wds^.... 


. ..... .l,4nO/2 X Iff = 74,500 ftdb 

12 X 74.500 - 2G,OOaS' 

S = 45 

This m|Uires a 14-34 beam for jpavily loadH alone. Considering wind, A" for bt^iu 4 of 
2 X 70,200 

Stiventb floor — 2 :Vfir/iet — | 490 x 20 " matimum combined bending 

2 X 47 X 70.200 ' 1.400^ ^^ ^ 

moment - 4 - ^^—( 10.0 — 4.7;)tlO.O + 4 . 7 ) =* 91,000 ft-|h, 

JU £ 


ITnit str«w developed Ln iHriuling... 12 X 01,000 + IS.5 « 22,500 

Unit stress developed in rompnvcKion, . ..... _ . 12,^100 + 10 * | ,300 

Unit MtniMa alLowmi in bending. ... 20,000 XH ^ 20,70t> 

riiit atnv^ aUuW’ixl In compression (liktemlly loipported) 

*t*L fp - I * 22.500 1,300 

Thft sum of fmcticitiB IS tbaJi unity, ,, ^ ....4- —-—-- ■ Cl 90 

20,700 21.000 

This ffhtiwa that the tieam is satudactoiy as far as the maximum str™ in thi*^ i^xlrvme 
ccunpnwaion fibers ±s eoneemed; and if welded brackets are umid, this is tbi.^ final result. 
If brackcU aiu riveted l€ the fiangeiF, however, m in Fig. 52. the holes so nxJuce thi^ 
fln*a i]f thi' tension flangi- that a lai^^r si!ct|qn muy be Hired thniugh the holes neurmt 
the ciuiter of the lj»eain, even thaugb the b^mding moment is considerably at this 
point. Tht> locatiwi nf thestfs holes eannol be ik-termined until both the bracket and 
the column have bceit di^igned, but the ponition may la- assumi^fl, the beam dcsigiK'<3, 
arid Later tbt^ braefe't and column iledgnud; then thi* bium and perhapei tlu‘ bracket iimy 
be revised if m'c^fsatiry. For purposes of illustration, it. may be assumed that Hn, holETS 
for ?^-in. rivailfl arv' 1'6^ Tmoi the center of the roliunn. Atreoniliiig to tb« AfJiC speeih- 












MITUl-STORV BUILDINGS 


rAtjoTVi, Bp dt^lucfion need Iw nwl-u fot hobis unless iheii area 15 iirfcviit uf 

the Hmikt osva. when the t-'sww ia dtduett’tl frtim hnth ftangt**. H the developi'd 
iinil fltn^ss in ttiikrtfm due In lieiulinit pkwwIjs 26,700, the 1^300 unit iJin^ct s<t«»-■?-'< Jii!tli!?il 
above mfiv hn didiicttd, beeauR^ it <n reduce the tennon, bul the net mil mwvss 

luuFf not 4^3(r<^‘d tbi' bIIowl^ amnunt. 


Bendiiiif moment L Lj ft fmni column center 

2X110-iaxW.M0 

aj 2 


Ratio of holes to fljiDge 

2 X 1/6.75 « 30 ptrront, all i-xwsa of 15 perreiit u%^er (he 15 percent ul]nwi«l 

Kmiebve / of ..33^^ ^ 2 X tV75 X 0.45 X 0.I5{7 - 0.22)* - 2tl7 

L' nit tensile alress deveinpi'd in bending. .12 X iM),HO0 X 7 ■i' 207 * 22,700 


TYm teari than the 26JOO allowed withnut nabttaeEing the 1^300. When the net 
PPeLion g^)vertis the demgn of heum 4 in any Soor, U wilJ go^'^!rn the design In nil fli>ora 
below: HG it L-i uniM-ceftsar;!,’ to find the maximuTn bending momeist^ in thi^^ lower Iwnuiw- 
even thouicb tht^ niaxjnuim in on the column m\e of (he eritleal net R'rtion^ it dot^s ont 
thi^ ihwigt^ la-cause the bmekets reinfom* Ebi' Ijeam sufficiently. 

Beam 5 « cJiniigiied in m similnr rnanner to bemu 4, except that the waJl repJaet^ tJje 
fiie 4 l partition, the fireprsMifiiiK, and one-hidf the floor lioui. There w nauaJSy enough 
wall belnw the windows to difftHbute tb' [iqi^r htaih U-twetni window!', fo that no greaL 
ermr b made by treating the w hole load uf wall and window's as uniformly distributed, 
awpecioJly if both veneer and backing are of btick. 

Design eif Wall Girder 6 - In the roof, girder 6 supp<»nfi the mnwnliated Itrads frojn 
beam 1 and a uidfitrm Vmd due to thi! wiHj^ht of thfl giofiir iletilf and the 4-fi parapi!>l 
w^all, U ia ntso aubjeot tc bending moment and direct atmas due lu wind on the end of 
the building; but usually thuR- nce<l not be com-idi^mi, fur tbey ore not Largo enough 
to govern the iflae of the beam in ww of the inenwoed unit Hlrt'ivt allowed fur cumliliiefl 
FtrcLwa. In a floor, ginler 6 supporta the cfinctiniraied looda from beam 1 , a uniform 
Inori due to the weight of the girder, and a full ^lory (aomellines tw:a) of wall and win¬ 
dows. A girder may be made of two instead of one if tbi- loads nr sparing Justify 

thifij one ia then planal at the eolumn wntrr to supiann thi- ennrentrated Umh from 
beam 1 , and the othiT ia p\n<^^ l»eat. to wpport the wall, nr hath may support the wall 
A Ijeom wdth a fop cover plate may be to supt^orl tbr wall ^ Imi [hb m not su rn!ees- 
«try as in lintel work, for the waJl extensJa below the beam, nn<\ mick.H due to o^n 4 ^rhiing 
ore Icsa likely to occur. In the uptm-r fioora, thi- gravity Inoil;:* wilh nonnoJ unit 
may delermini* thi^ site of giidur; but as the bending momirnt and direct sliess dui^ lo 
wind on the enil of thi- buUiling increft«^ the Rice is sleierminLd by combined stress with 
increased unit etress. The jKimt of maximum btmdinR tnomimt may fa- at thr eonixm' 
trated Inpid E^r la^t ween thr lo«d and ita- centi r, di ptindiug ut^HCi tht- ri-lfttivt^ mapnltudwi 
of the hiarb. The iwjint nf maximum beiuilng motiunt may Ije fourul most aimply for 
the section where tfu- shear equal to sero or ehc wltert^ it chan^'i^ fign- tbhf w iquivaleTit 
to equating to lero thi* derivative of thi? sum of ihe iM^iidEng monutitx dUL* to con- 
eeniratid lofleb, uniform kiod, md wind. After a beam is fnund for the maxiniiun bend¬ 
ing moment, it ahould be oprertained whether or not it hais suflieleiit n-serve to ixirry 
the direct Bla'jw also. It is quite poanble ihat all intermediate flix^ra requini- The aame 
sixe girder. It is wtdl to deslsm top-floor girder fnr grovity luodB and thi* ii'i^knd-fkjor 
i^rdty for combined IcMula; if ihc taCter in Ituge*'. intermediate floorg must Ni invi-stigated 
TO determini* where the change to b)' imuk-. In Lhe iM-eR-nt thi* inner fare of tbi 

pani 4 wall is approximately at the renter of tb* ctplumn, nnd so it is cW enough to com^ 
pnte thr: concent ratioi kpjul from b^mn 1 for a lO^ft half .‘•jiau. 






gTSEL DESEGX 


CanceDtinlcd lu^d from btsm L of mof, r ii .^500 X 10 “ 8^,000 lb 

IkudLixK moment due to cuaccnlriiUHl ^ ^ h * ^.S,000 X 7 « 56,000 iU\h 

Weight of girder and l2-itt, puropet above ekod eiraintil (girder 

40 + C5JX120)- 700 lb per ft 

Bending moment due to uniform imd, X 10 6^ « 38,600 ft-lb 

12 X 04,600 - 20,0005' 

S ^ 57 

This requires a IfMO for the roof girder 0. 

The cuuL'tJilrutioQ from beam 1 in an IntenriLMiiiiite floor ui (1,240 X LO) > 12,400. 
AlloHiiiig for three 44t by tt-ft HiudoH-H per staiy per panel, we find tliat the uoifartu 
load per foot for wpii, windows, nJid gtrdi^ts k 

[(21 X I2)-(3X 4 Xa)|J20 + 3X4 XOXS , „ 

---2^-+ ’^ - I,no 

Bending motiieot at center due to eoncentrsUd Innds ...... 12,400 X 7 ■ 86,800 

Bending moment at renter due to umform loads.,_ .... * 1,110/2 X 10^5® = 61,200 

12 X 148.000 - 20,0(m 

5 - 80 

This requires an lS-50 beam. 

With wind on the end of the building resated by the twq wall bonts^ the bending 
moment in ginltar 6 of the weond floor due lo wmd is lound to lie 43,500 ft-lb. The 
corrveponrJitig shear is 43,500 10,5 * 4,100, and the dirwt stress k S,200. The shear 

just to the left of the Djnceni rated load k—4,lfl0 + 12,<100 + 1,110(10.5 — 7) -* 
+12,200^ and just to the right is 12,200 — 12,400 — —200, making the maximunt 
bending moment at tht^ point of rnneentratlan of the 12,400 load whvrv the ehear ehangi^ 
sign. 

Bending moment due to wind.... 43,500 X ^5/10.5 - 14,5D0 ft4b 

Bending moment due to enneentmted loads. ..... . 12,400 XT" 86,800 ft4h 

Bcmlktg momeEit due lo uniform loada . .. J^ltO/2 X 7 X 14 “ ^,1X10 ft-th 

fnit strew developed in bending.... . 12 X Ih55,2CIO + 30 « 20,OCX) 

Unit i^tnwt ij*'VL4u)ied in comprewlnn,..6,200 t 14.7 ■ 000 

[ /2l X 12\*1 
17,000 - 0.485 J I H * 21,000 

^ , 20,000 <500 

The sum of the fraelious m Leas thati ututv ^-4--— » 0 SI 

26,700 21,900 

Ail 13-50 can Iw used for all inte^rtOri'idiEte finors. For ctiovenient erection, It mlghl be 
dL>alnible lo uw seat anglef for beam 1 on girder 0 like tbom^ on girder 3^ if thk were 
dune, a 21-62 w'ouJd Im? uaed for all floors abr>ve the first. 

Design of IntarmediAte Column B. Colunnufl art* usually enseted in IwcHstory leDgths 4 
with splict.'fl to 2*0'^ abovir ihe fiokhL'd flour liru^j for an wld number of slDries, the 



Fm. 48 


lop poctioii |h made either mw or three stariif* in length. Conimuii types uf culumn for 
bihlilinen of moderate height are show n in Hg. 48, The total column loads may bo 
fumid by combining tiu' reactimui of the beams and girders sup^xurted and tla^ weight of 
tbe edlunm and its flreprooflng, Afl btulding codes allow' LtvcHload Jyicounis in buildings 
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not used for BtoiTi|c^.\ for it is uotiki^ly tlijil cnoTt' rhiii om^ flonr will Iw fnlly Iflculed nt the 
HAmv time. The may be uf concn-ttv with n mmimum thii:kntfiJ=i of 2 b-, or 

it niay bo holloiir tih* atiil wncreto, mth A minimiiti] thirkocAS of I in. and an avemge 
w-ei|(hl of 70 lb per ri 4 ft. Tho ffripmofeii ratuEUii iiuty be t-ilher oireyiar or n?etangular 
in LTOfts section. The ealiituti# [iian^l m thjit thE*^ largrr mlion moduli n.'aiflt the 
t^ndin}t whi'n this lA fi-ajiibte, hut it nlay be Let lor to litrit the colimms 

otbi^r wny if in so doing tlu' hoavkrst fn^aiuji mv made to «v>ikiio(!t to the flanges instead 
of to tiiE* webn. Although the miLxinium wind mcsiiHMit is at the centers of the beams, 
the htKir luatb an? iransmitted to ibe oiJumn thrrmsh A-al angle# or hni<’ket#. For 
gra’feity JoftcLi, the critind Fortion Is at the ifpliw; but for eombiued gravity and wind 
loads the eriikal tfeetion is at thi' floor aljove thi* -MplicOp even though the weight of the 
oolumj] and ita fireprooHng is sosnewhat. Lesa, Tb^ niuxiniLiin wind moment is at the 
Kilter of the transverse bc'am or girder, but the full ijfmvity luBii does uot reach the col¬ 
umn at the sanv? point. It b on tbi' side of j^afety to combuu? the maximum stresses^ 
but thia' may be oscoefwive when beam or girder Tciads an? supported on seat connec¬ 
tions or connccled with top and hotlum bracket?- Tb' ri'fiiii'munl taken in tbe setection 
of the ciilical seciion depends upon the siKC of iKe? b^aEii and the rclaEivc- magrutudes 
of the loatb as well as tlpi5n th*- typ*? of coiincrtiau. 

The toU] gra^-ity bad with hi’c-lotiiJ reducticin^ divided by tbe gross area of cross 
Bertiofi and by the nnrtnid unit 3 tn?as found from tb? column fcrmiula^ plus any fiber 
ptnwflL in beiiEJing due to t'Ceentric Icmds, dividtMl by tb? norma] unit ^tni?w in bending^ 
must not escccd unity; the un 5 up|iorlid length ts usually one story height and the 
leaift mdim of gyration is used, with due regard to the tnaxknum akiowid unit eirv^r 
Also the asial fiber stre.-iFea due to gravity and windK liividt'd by the increased unit 
aJJowwl in eompresfion, plus the liber attL^^ng due to wind and tecentridty, divided by 
the inrwscd unit srtn-jw allowtii in liending. musi tiot exceed unity. The handbHiks 
dhow fatal arteui, nifimi^nta of inertia, radii of gjTnlion, and section miKluh ahnut bath 
axes for anme of the comrann ty-pes abuw ii afiove. lu this case, the two top Fcctioas of 
intemuidiate coltmin B will lie designed, widi^llanged c^>himn soetiocts- 

37,200 
16,000 
J56.70!> 
21^,800 

Total gravity load e^tccpt weight of column. 139,700 


Hoof load from Kirdcr 3. . 

Etoof load from b-am 4. 

Eightb-fl<n>r load finom girder 3. 
Eighth-floor load from b^atn 4. . . 


(16.209 X2) +(23(J X 21} 

.flOO X20 

(2o40O X2) d-(3lU X 21} 
...1,400 X20 


From the tabb of aab loads, wlcct a 12-45. wMeh bw a .-ude load of 190.000 for a \24t 
length, somewhat larger than 139.700 to provide for landing stresses, ThE? area b 
13.24, the larger Bcetion modnltu 58,2. anil the l^i mdius of gyration 1-94- Tlw> 

alluwcd uuit irtress is 17,000 - 0.485 


percent for combined stn'sse!-, is 19,100. 

Weight of cnlnmn and fiTvpmnling, dupJicfthvl partition weight is [45 -h 


02 H- b}fS + 3)70 ^ 25 X 20 1 r|^_ ^ subject to variation 

144 12 j 

depimding on the method of eidculaticm, hut it haa febtiv'cly little elTijet on the dt-.igti. 
Because floor and lieam load .4 arc all luken to tbe c^dumn centers, there i# pniliably 
auflUcient overlapping to taks^ of the axoghtj of bcivni cniineetai'ns^ splices, aiul 
column; m aliout 1 ft is dcducttMl from lb? story height and an equivalent amount Lh 
deduct'd for Lb* fixed partition replaced by the coiumn firepnioEiiig. Tb' bending 
nwment due to wind at lb; center of the eighlh-floor beam wan found to lie 55.200 










^Tt:EL hEStGX' 




Aji LiLbtil&tLii; iIm? mcitiu'tit nt tbj* irritical iiertiaiL u hy import lon^ 

Biinting tby AKrlioii to ha 1 ft from tha ayiitfif of lltp l+-im 4, 


UtiSt dull to gravity Iqnda. - - -..... + ^.. + + _ J4l^-l00 -S- 13.^4 

(whieh \b ks^ tiuLn thi^ 1:4^300 iiibwcd) 

Unit stress due lo IjemJine......... ^ ■ — X Jw,20a X 12 o8.2 

o 

Tlve Buni of the fractions U less limn unity. - ..-I- 

iy,100 2t5.700 


10,700 




0.92 


For the nest se^tiocu sypporiing the seveiith and ^ixth finctj^. 


Jj4i*d from upppr ladUtUng fiiO live \mi\ . . « 141^400 

l^dadt ftiam girder 3, ami sixth Orwra.5tJ,7t30 X 2 * 113.400 

Ijoad from Vicam 4^ floor. ...... _ . , l,4WO X 20 ■ 

Ijouct frsiqi 4, Jsptlh fl^jor......... ...... 1,.^) X 20 = 30,000 


:\ssununK a 12^79 with an area of 23.22, wctitin inoduJiJS of I07d, and Um^ft 
radius of g^Talion the alEon-fNi unll sE.ress u 15.000 and ihc iiiertihSed 
Value for cQlrililtbiKi 21,200. 

Wei^t of two more stories of eolunin and &repr€W>ftnj 5 

. C12.4 -h S)(E2 + 8)70 25 X 20.41 . .. 

r +- ui - 


5.200 


Tdtnl kuid, uictuding full live ]i>iid ..... ..... ... » Siy^soo 

20 percent live-load reductkiu for eolurnn. supt^^rtm^ thnw floors (the 2l4t 
p^Lnet ditaetision is reduced 0 tii. I>ecause uf the 5xed partition) 

3 X 50 X 2tl X 20.5 X 0-20 - 12,300 


tkisiKU loud,.,........ . = 307,500 

l^nit fl4rea?a dun* lo gm^dly Itwida., + , + + ^. . ..307,500 -i- 23,22 ■ 13,200 

L’liit btreas due to Iwndlng.---------“jP" ^ 1 iS^tfOO X 12 + 107.1 10,800 

^ H P - - I ^ 13,200 lOSOO 

Tql' sum of me fractiotB is moru inftn unity,...4--— = i 02 

21,200 2G,700 


This would ppuHably be aetM-pLed, y^incn Ihy exe^'ss i* so -'light and iht\ unit streiia dui- 
to gravity loads 13,20G ts so muth umler ihp 13,000 albwt'd. 

Design of Wall CoIuhld A. A widl caluinn supportif appri>xtKLanrly one^haJf the 
fkwjT load that nu Liitermediatc eolumn teuvii-fl ami a wuJ] load on the opposite faer- of 
ihe n^liJEunt thefts two dn not usually haknoe, and no ihpn- \n a 
moiru-nt due to ecetmtricily a.-* well as the nujintnl dun tn wind. 
Tht^ effi^rt of the eccetitrinty from oiit* Eloor b ujisumid to fcM« dv^ 
jupatid bdony ibii nest floor in n>achi^, ntui at each floor tW enTccn- 
Iric niomenl ia cOFwIdered to lie re?ii3lod by ihi' eolunm above atul 
lb colmnij fudow in proportion to tho story heights; it b often 
iiegliHL-ii.d. The waJl roUimn Ia an mlerirwiiiate eoluiun of the 
braced bent whieh icsisti wind on tb end of the building, luid the 
stn^ngth abut L^th axis mtiF?t be coiuideicd. The Jateml suppiMl 
fulTlJ^^hed by the wall Lh ii.‘4iially ni^loctcd uhIimh the whok^ eol- 
umn k miM\y emlMnfdrd. Thi^ portion of the rulumu and of lb 
(CU'dtT in lb wall dk^pendu upon finipruoflnir Tvquirctnenta anrj upon 
archilcctuml ftfllurt-fl. If nn outai<le piloHtcr is Uinsl, the face of the eolunui must 
at ksast 4 in. inside the faire of the wall- ff lb column rentenf nn^ continuous for tht' 
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pntirr^ hrigbt at tho huildinKi mmt Lm^ umiJi* Fur thi^ ifirp'-m cDlLutiii; hm If 

thv colinun^ fuv offw-i. ki thjiK iht* uut4fr fiuw arr In lint^ tbi** up riot inrfv«iaty+ Thi? 
IpnJer flniig^s must Im? at Ben^t 2 in. uiinde ihi^ fnin^ at h-h]] aiipI prefrnihly mon?; i:F 
^'ell to planv ihi^ iprdrr Approxioiiiti-ly m thi!' uf l|uj> widt^ iin]i:E@ a [iimtc* I’jr 

praje^tjp on oin^ ifidr to niipfMPrt tb' wall. In pi^M'nt iw»e, I he giniur \* pUred in 
ibtj rvblur of tb-' 12 - 111 . wpuli, ttiul tb faei' uf [b eolLifnii in. from lb fare uF the 
ttfJl ta pvrmil tb^ dlrwl renm^elion erf tb wriieT web to tW eolnmn llnn|^, 
sihown lUi Fi|c. In prariiee, fiuch di-taibi mu.^r be made in aiivans^ of tb? de^gOp 
bcttuw the walls an? usually fixed and the rolumn tvntenp miM ronfortn. 

Rix^f loud froDi i^rdt f tl... (3,000 X2}^ (TOO X 21) - m,7m 

Roof lond from beam 4. . ... .8D0 X 10 ^ 3,000 

JiJIEhtli-flunr load from idrtb^r IV.. ^ . .(12,400 X 2) + (IJlO X 21) = 4S,JOO 

Fli^hlh-fiocr load from batu 4, + = 1,400 X 10 ■* 14,000 

AsKUTniEig a 12-10 vrixk an area of 11.77; eetrlioo m^Mluli 51.9 and ILA 
and lasisi radius of tEVTation 1.04, lhi!< allowml imll is 14,300 
and the iiiLTetiM>d value fijr ec^mijified lOOOO. 

Weight of ttiltiiim and fireprciofi[i||^ less duplieut^ partition weight 


Total pavjty load., ___ = 102,300 

iHrect fitre^ due to wind, as tabulELted, .....- 1,7(10 

Muineiit due to ecci^ntricity. .... . .(43JOO — 14,900)11 ^ 2 = 99,000 iu.-lb 

0 - 1 

^lomenl din? I* wind on aide.. ^ _. .. - .. ^ X 2J,tiOO X 12 * 270.000 in.db 

0 - 1 

Mojcetit dm to wind on end....... 4 +,.—~— X 9,100 X 12 ■ 01.000 in.-lb 

Unit streisf dm to gnivity Innda... . .. +102,300 4- 11.77 ^ 3,700 

Unit itri!^ due In eteentricily..,.. + ^ ^ *.-. .91^^000 -5- 51.9 * 1,000 

Unit ,ftress due to direct wintl tsirtjiei, wind on side.1,700 + 11-77 “ 100 

Unit filreas due In moment, wind on idde 270,ODO -i- 51.9 ** 5,300 

Unit strttfti due to iiiunu-iit, niiKl on end. .. . Ol ^000 11.0 “ 3,300 

The Bitn^ of the Imeilons for gruvity kwnb is Icsa than unity 

3,700 1,900 

— --h --- 0.71 

14,300 30,000 


Thu Kum of the frtieEionH fur wind uii sidi* b less ibm unity 

8,71.10 + tfJO ^ 1,900 + 5,300 

i».noo iauoo 


-0.73 


Tb? sum uf ibi fmetlLPiis for wim! tut emi is less than unity 

3p7O0 1,900 + 3,300 _ 

I9.UOO atijdo 

This SM:ti(in b litr|!i!r tlian nM«ss.iry, bill itu- next liKbtiT sm-lwin is tm luiiall. 


Design fif Beam Conneetjans, Tb^ muAl type of 
cupinettioti uf a bnLiii tu a ^rder b u sl**! and side 
atkgleH lut shown in Fig. 50. This facililntiw election 
hei-nuae thi? boam u ncil <^nin‘eted to tb> 4 X 3)^^ X fip 
Seat angle which nt eoiinpH^u-d tn the gin1t*r by thne 
rii-elii a miiiizuuiit. Tb' 4 X 4 X psdv nngli^ b 
huiu?d to eoeh by two luolui n-gttrdliL'iw of tb- 

HUr uf tb" Ipumm. T)h" iiuilibfT erf riii’etn in fh? 21432 



Fin. 50 
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girder 3 n^quircd Ip iriippoft the two H-30 Ixmtiui i i* oidy two determified by the 



A typicAl eiffil eonnecttua of »rddr 3 Ui a ^2-ID eoltuuu U J^hown in Fig- 51. The 
eombiuni Iroro two girtlE^n^ SS^OOO lb and nl 10,500 btiuing m llw wtb fei^uirta 
tfii rivets, Eithi^r otki! or two sldTeEieffl arc ushI ran eiieh aide. More ofu-n tbe bejims 
and girders are ttrmnp5pd ao thjtt the heavier ijfirdeni uiv w^Jinected to the Sangrji of the 
eolujnn and the lighter bejuUH to ihe web. Ttu* -1 X 3 X sro plaptnl JtS 

above the top of the ginit-r oJid IioIuhJ for i<hipm4'ni jki ihat it cim be renioviHi far cn'C- 
lion. 

AVied braekelfi are ituuie in tiiany different ffarm^, and tht^y nmy be riveted nr wplded- 
A riveted bmekf-t of the t^-pe sbciwn in Fig, 5^ hf dtewn lo illn-triile the connwlkin of 
the 14“3t N'ttm 4 of tk* Mth fkior tn the 12-70 eolunin, becaiiM.- it vhow» the full number 
of atepat mwt niher t^'pcrs of bracket are deaipEned by iha- samo Euethod^ but many in- 





Fin- SI 


Fjn. &2 


volvc only one ot two steps. Tb^ wind bending moment at centef of the toIuniB wan 
fatind to Irti lOO.SOO, but at t he faae of the l2-in, CLdu.nm Lt ia only 100,800 X 0.5/10.0 — 
05,700. A,*^ the beam tende to bend relative to the cdlumn, one djinge of iHi? beam tends 
to pu.ll away from the eotumn and tk atlny lends to move towurd it; these shtiariTig 
forces mv. equal and oppoisite, forming a coupkp the mnmeni of which equals the bending 
momcini. The value of one rivuL in Hiiigle shsinr at 15,000 pei la 9,020, wMeh can 

increa^se^i 33fi pendent for wind Htn^'« to 12,030, The lever arm is equal to the 
depth of i\n- beam^ and the number of rivetis requin d in each flange la !.13 X 05,700) *’ 
(n X 12,030) - 7p nnc-half or fcpur in each angle. Throt^inrh ijiacmg i# ust'dp the 
distance from the eniumn to the first rivet Ix-liig dutermiiu^ by layout so that tbt; cnij 
rivet In the vertical htui sulhrient edge distanct^ when it u plwct^Hj midway betmwn 
the rivtits in the out-latiriing h'g to allow driving cleamncG. Since the beam fianise 
f||t^ liOr the iiLiitstaruling hrg h made 3 in., and the vertical leg 3 In, 

The rivets in the Verticil! lejc art^ in double ahettr; they must n^iat the sann* monn^iitp 
but the lever arm ift greater, bcung 14 + t2 X l-73j ■— 17.5. Inatead of awfioniing a 
plate ihickncw iLitEl finding tht' EininLH^r of riA^^ta, it is riften better to asinmc the num¬ 
ber nf rivets whh'h earreBpondfl to the number ui iIh^ outitandlag leg and then find 
the thirknera of phue required. Ill US, if four u#ed in the outstanding 1«^^ 

thna^ wtMikl be iwt^ m ihe plale. The hoiiEorital stn^iia in each ri vet is -(12 X 96,700) + 
t3 X 17.6J - 21.000; the verlical sk-ar due to gravity is 15,000 ami that due to wind 
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1EX).«00/10 — 10,000 ^ ihmin art distiibuicd anianx tie mx. Hvl^Ih of tht two brat^kt^tn, 
w 25,200 6 - 1p2tK5, Tbr n^uttaiit 22,300 i-quiUfi 40,000 X ^ X Hi, whe nce i, lit- 
tbickiirfti of pkle, * H- thielsur thun ufiuui far mv^h a antal! bracket, and lome 

inixbt pctfiT to u» ft !v-in, fiJaty with four rivets even if iliis pwI'mjui extra rivetn in the 
btiajn. A tflireepondinx numfcn^r of rivets is useii in the verticfll aiigie#^ akhuuxii a 
snmJier tiumbcf may suffire uf thi^ ri.'ducetl rlue to the tmger ktver arm. 

Thi- rivets which wnnwt the to the co-limiJi mrv not tM^iuilly strt^Mcd^ for one 

hnu-ket id in teiii-lon while the othi?r \3 m eortkprvssioiiH there buitix no strife? at the 
wntet of tlw iM^am; the value of the rivets fHJthi^t 
from the <:enteir of the beam is by riae b ri' 

rik Binmxth, iistitdly lakeu i-HiuaJ to the 
shi'fy vaKi 3 a\ anal tile otben? nre strv'SiH'tl hi pro¬ 
portion to thidr distance from iha? nsnter of the 
beam. Thf* limilinx vidui' tjf the lower rivets \s 
rJpOSOp as ftniod above; they are in. from 
the ceoter of thcr fM^nni, beinx the satin' distance 
from the comer uf ihr braoket sts tb» b niter rivets 
in the beam ronnoetion. The upfai-r riti'el? an" 
in. fnmi ehi" centaur aif iht" bi‘iim, and they may 
he I2,na0 X 13-5 * ft.lSO; the av'tr- 

axe stress in riv-eta is the meaj] vaJuf 9pt0ti. 

The resuhant stnw in the x^oup of rivetaels 
at the center of Rravity of the slre^^ rrapexoid; 
thui may he fcmnil tpaphicaJly at the inlerseetsim of thr- mL'tlian line mnneetinx the hanv 
and the line joiiiinx the points found by prokinginx the Hm" of each bane a rjjslance 
eqiml to the other bfu^ shi>WTi. Tb* Icv^nr aariti id (5.0 + %%) X 2 ■ 20.0, luncl the 
nninlifT of rivela required is 112 X 05.™i -r 129.0 X %W)} - S No atta-ntioii mwl 
bi? to va'rticiil shear due to ffmvity or wind or to horiKontui runapressioii riue to 

wind, for thisie ts suSieymt reserw strength in the rivT*tH ihni are net fully akveloped In 
teuMob and m the rivTifi of the compnMiiion brackel that mv utburwise miLKtressod. Three 
riveta on oai-h side nre suflicienl if tlie x^tffe is larxc cneu^i to pve elcafance for ilriy^ 
ing the middle riveta; utherwLso, they mupt f»« «taKx<™^ ^ henm con nect inn. The 
angles mimt Ik thick t nougb to tmiksmit ihe Hlfesjt tu tire rivvia without htmding. A 
aatisfartory angle ran be stdeclwi tu-mtliy w dhout designinx: hut if the Halin' lorRe 
biTause nf column conditions, the ihiekm'*? muy be detennini'd by the merhorl uftn:! 
for litiarinx plftU?^. :<tiffeniiix angles rhuukl he riveted to the liing^ami edge uf the plate 
if the dear disLaikcf beiwecn angli«* pjtet-edii :W tlrm^s shti thlekm-#^ of the plate. 

An alternate type ef bracket h shown in Fig. 53, Thi^ shear in 
carried by h web connr"ction and I be moment; by split 1 breams 
which are better suited than wide'flangiiHl beams iM^au^se lln> fljingc’s 
ale narrower and si if or. As the Iteam tends to besid lebitiv?? to the 
ecdumn, one flacigi" of the beam tcods ta pull away from (Ih^ column 
and tb<? other to mow inwani it; tht!«^ two sbt-ariug forHw are equal 
and op^MJ^ite tmd form a couple. The moau"nt of thk emiple muKE 
cqilaJ the total btmdinx mornent at. the face of the column. TV 
rivets in each linnge of the la^am are in ringle shetu wid thp> lever 
arm of tbf" ts?uple Ls I'qiiul lo ihe depth of the bojun. The same 
number of rivets eocmrel t-aeb braeket lo the edumn, rivetj in 
tenidon being taken as having the same v^lue as in singb sluw. 

When the wvh of a fwam is eoniK-ctisd dirv-ctly tn iV eotumn, the riveting is dL^signed 
by the method of HTirnirie beetuise tberivvts re«sl both inomt"nt and Hhear, 

A single row of rivets m for thi- uppr"r beams, ami a ifnuble row lower down as ihe 
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momrDl iu<;n! 4 iw«. pmsHrlnnl tbui thi! eoluEihu k'iII pL-nnitt a ri>Ttru.H?t^iii [Aatv if 

wlit'n fufSciPFit riveU rrtJiiKii be pri>v^idi^ othurwist-j in thi* Latter there w a 
luoirwjnl due to eecentririijr ^ well jw to wind. [ti the W’^'enlb iliHjr of ibtt earv uiiiler 
tutuddemt ion, the IS'^O U rcinniNrted Ui tbe J2^40 eidtunEi by a rew ol rivvtH un 

the atandard-gaite ILocip .^hown in KiR. 54. 


BendLiiK mumeial al rivet ILne^ due to uirul— 11,000 X 10.3 + 10 5 — iLltXJ fl-lb 

Shi^r due To grft^ity kia+iK .-. 12,400 -I-(1,110 X 10.3) ■ 24,100 

Shear due to wind — .II ^tl00 10.5 = 1,100 

NumlHir of rii'ets rctiUircd for (fraviiy Itfitilft .. .24,100 + 0,020 - 3 

Ntimljer of rivetn luisynied, to alloM' for tEioiiiL'iit clIs^-j . .... . ... » o 


HoriitoDtal rompoEient an rritirat rivet, iniduditiR ditiiel Ktn^ per 




/I2XHH0D \ , 


7,000 

3 


Verlical ciDmponeiit dan to tilieur.{24,100 + I^UIO) + 5 

Hf^ultjiat, iriikh ii leaa tlinlt L2,0^ aHo^ eil..V 10,300^ + 5,040^ 


10.300 

3,040 

llptiOU 


mDUSTRIAL BUaJJXNGS 

Characteri^C^^ A jnudem iudu^itriMl huddiiiK avty be sn i>ne of niaDy form.f, depniid- 
tng upon itF pirpose. A midti-stor>' faetory^ btiildixiR \? .rimiLar to an office htiihlaiR in 
dejogli hut ba-^ n^iatlvuly few paj-titiOEiH. StiiaJl iudiliitrial ItuItdiilgF, or boilifing^ 

with ftaw-ionTh rocifff for liphtlnR, nii! trt:iiJe of riRid-rrume conatmelioA^ HidL>-%nj^>d 
ftn.‘ u^ied for rafterw ajuJ for culuiiirH, and ttu^y e«v rtiEiforced nt their junetiun by 
cutting and bending une ILltii^^ aiad aeldiniF in a plnie to stifTtn ihe ioint. Canagejs, 
iitet4 inilK FtnietaraJ J-boja, and sEnuiar biiiJdiniP' nre nf ttH!- ciiilldiuilclinK typ^ wfih 
long-^t^n T.niftsr-fi nnd OrW if aJlV illtermeiiLute rolumn.^. Flat P.toft< for tin or ctunpotnOen 
roenfing have thE* tap churdri ak^pi^ jiiKt enough to provide dmiiuige. and flt^-ep-pifrbtd 
roofs for other fypM of foofitig hnVe n eonter rine of one-C^Ufirter of tb* ^pan r^qunrter 
piteh'") or PM.>nii!thiag similar Tfie waJlii of an indumrial building inay lie of hriek, 
stone, wnemte, or ccjgerele bloeks, with i»r withoat cfjlumiut etnboddjud in ib'nn Oar- 
nigatcNl imn or Bteel Ktay tiA*d Oil fhi^ niiifa iknrl Mdi's of buildiiiapi in which heating 
Le not an important fnetor, in furnace bnddiiigd or foundries. 

Puriin3- Furlijis ani Ela- longitUiiilLal lunmb-m whirh I rfUiamit ibtJ mof luadF tn the 
tniRa('j5i. Thb'y Jrtipport vertical gravity bads dmi to nnoui% the mjliiiR, amJ the purtins 
tbomwlvi'^*; they niay supporr ibe sheathlEkg or slah^ newssitry to carn^ otirtiun tyfKs< 
of roofing wooden i^piking piecL^ to which sheathing is nnikd. They al™ rwiet wiijd 
pjixjgRiiJi;', which u eommonly taki'^n nonimJ to tb« nMif surface.* The combinations of 
IreuLs iiacKi depends on their ntagnitudes and pitch ^jf the Etxif. Wooden sb^athaig 
anri ufieJi eorrugatcct iron art considered so stiff that The ibpe biiding pE^rp^-ndicEilar 
to the Will can hi^ tM.'gierted- If tht-* }*lo| 3 e Uuiditig is tn be considcnd, iht' vertical force 
id involved into enmpnnenEs nonml and pjirallEd to tU- moF^ tbE^ siae uf purlin in deter- 
miniifl that will resist ihs^ normal component, aEid this purlin « invet^tlgated to sec if 
tfH'iv is sufhrient n^si'n’e ihat the HImt li nai overstn^jieicd when Lht^ alopt^ 

rompitienl ^eerallid lo the ^^H^F b i'i>n4derH3. FurLin.-^ that i^pport isjrruKutia] 
am aupp-nrb'ti at oiai or Lw'o p^iikta betwivn Irtl^weii. by sag riTtds. Most »^|jeCtfLratioEkJf 
allow an in the allowed utul strides whi'n wjjnl ntnww are included. A cbanocl 

IS coninvonly u^ti a.^ a purlin, the fliin 4 u>tf faiing up the nlopt^ wfs.m no piking pkcf p 
fciml but down th*' slopi^ whi-n a spiking pk^i^ [» fH>lie 4 j io the w-ieh. Thu- pui^ depth 
i^hfkuJd iM- at Waat uue^thirtieth of the span. Purlirts an- pntferaldy plan-Hl at the panel 
points of tlw! Irueisj otherwTm.% the top chord lotisl be desigEifd for ixmdiug ha woll a.'^ 

I Emi 5l 
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Thuf pairlin #pac^inft Aim dh llh^ of t tic corrug&tciJ fitei‘^1 or 

(ho thicktiwH nr the ^bcfilhing. 

UluatTBtivc Probleip. To a pujrlln to support * floct kmi\ uf m lb ppr ft, piste 

owfiiLic ’ ot (¥.h lb p(T t«| ft, iJplkipK pkw* Ht J tb jkor Un ft o.iid n bcrituil wind prorisiuru 
tin a om-fourlli pitch itiof of !-> Ih per i*<| ft rom^nditiir to 2l) ]h horizontal presaurt^ 
The rjoirhn,^ an^ 4 ft a|wrt and 20 ft lung. The nnraial ynjt £tn^ mi 20,000 psi, but 
this i* i nemused 33Vi jwrrt.'fit for wind and jemvity luads combined. The minimum ilep th 
ia 20 X 12 -r 30 - a. 


Vt'ttical load Pt^r linear foal, assuming S —p H-S 

(10-V0.5+gj4 -V4+n.s 
Xnfirtnl compouerit, inrtuditiEt wind. ,,,,,,,.,.‘(11-1 X O.SttJ d- (15 X 4) 

iilope eonipiineiit.-... ...^ ' 

r^ndinK moment, noriiLal compumint. ... tetj X ICr 

Bending momeiil, #bpe i!ainpuEient^ cion^efvd eupporteij at mkl-|a>int 

bv eac rodi.. .. X 

^ ^ 12 X 3,050 ■ 

S ' 


p 114 

lOJ 
’ 51 

' 5,030 h.|b 

640 ft.|b 
>26.7(XK 
3.6 


which rpt|tiifes un 8 “ 11 . 5 , aa bjuliims I. 

Devciopiit atn'iw, norm*! compcneni.X S ,030 + 8-1 “ 11,000 

l)MCL>]upcit Hliva*, alo|ic coiujwrH'Jil.12 X tWO -3- 0.8 = 11,000 


The aura, 21,500. is less than thi* 20.700 allowed. 


Roof Trusses. Strussew un- detenniJwd, Eia ciphiiaiHi ia i^cetioa 5, for psuel loads 
due to wind, woiishl «if snow, roofin*. shi.Mithirg or slab*, spikiuu iii«^ purlins, mtd 
prfjpiprtionale anioiiitt of thu weight of the truss a-wumiMj or determined from Sony, 
empiriciil rormula. Singk angles are u^sed for the shurler wi-b ua^iubeFS. A 2,4 teg 
is the smallest wbieh mn Uf rtveltti with the usual Ji-jn. rivet, a^ the niini m u m aiigte 
is 24 X 2 if only one leg is riveted; llur eanie Mie may be considered a minimum for 
wchiml trusses even ihuui^r no hales haw to bv dedueted. The mmimum thickness 
may he ’is. H. J^s. dejainJuigon the eliw of work and the designer. The strength 
of ilu‘ miniiiium wise in tenaou and also in compn-faioa for different unstipporttHl h’ngihs, 
at the indreamni unit RirviB, may be compared with the sln:«scs found from the stnws 
.itagram in Older to dt'teriuitiv which members can k- marie of this sectioa. Two angles 
of thi> same skt* tnav be luad where tlh! strew require* them or wbimr the ratio of slender¬ 
ness would otherwise eaeeed thi‘ Bpi-dfied anumiit. Two iargvr ongU« may be needed 
fur 1 he main tt^iwiott and cempn'ifsioti web imimbeta; the main teiLsion members may have 
tvveraal of stn-« duo to wiiui on the oppwite side of the tni.w, cspi^inily if knee braa-a 
ate used uiiJisr the trinw; such membt rs may k- unduly large, unless it is assumed that 
eonnedting w..'h im^mlicni give lateral support about both aaw. Botlom^thord merabers 
mav extend full length unless the truss is shipped in HTijuns; two angles nre used, with 
the longir ]<.jpi vertiad, A single-anglc lianger is uwd at the center of the larger trusses 
to give inierraiHiiatit supfiorf to the kiltoin ehorrl, which i* in oompresrion during cnH.-- 
tion The top chord is made of two angles with the lougyr kgs outstanding unless mib- 
jeetH til k ndinx. hi whifh ca*i‘ the angits are iuhhii! the other way ur else a web plaui 
Ls inserted or H whle-flangi' k-aiu i* split to make a T.*hapi'(| memk-r; the unsupported 
length in a vcrticnl plane a one pam l Idiigfh but about thi' otkr axis is usually taken a* 
two purlin sjmce*. In ipitienil, minimum mtiojis arc ua?d for truss ucraiKTa as far as 
pneeibUn but for larger stri.'swfi it is better tu iiidPcase the wiatj of teg rather than the 
thickm^w. k'cause the slenderiw-a ratio is made luorv faTurablc and tk- truss stiffir. 


I It Is uausiud <u Ii*r» » slste ejil so S haUdini *itL rurrUfStsd Ktt^ but di, dMi*h b InS^ iouie 
a. M.I. □einiK.r-. rt,^ dF . ijudlk ter 

IrAtll llMEdf liJsIli ■lirOBltlJUX, ^ 7 “ iJkC ChTtH, t#kF < 

IliJhMIhry wall MLkiffll ItJC lyfUnn®. 


■Yv lUIJti*, III|4 mmm^ bnYitiR w(Mld b* if iulhd 
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Crvav Gkderv. TTm? crane'runwmjr pndi^r?* aui^r tJw- mil imd the tw^i wbi^'lit whirh 
flupport fud of the trnveling rnuii% tlw? perceninp' of thi: liw loui i^penrifk-d for im- 
pact tieing iiiduded. The wlkc^l ]oHdn j&ad frpflcinft miift obtiviiied from tbi'' nmiiu- 
factitpeffl of the orane to be iistd; ihm' wheel loaiij idlow for ihe weight of the eniiu^ ajhI 
fot the cBpadty ItiOci. when it U a# tuL-iU Dtbe ebiJ of the craiie Kd pdAiihlc^ Thti hiHJcitnUOi 
beofJmiiE tncitnetil for the eobeii'iiLnitoil loadd will occur lUuiet obe uf the IciAilfl, wIuul il Is 
eitbi^r lit the CeUUtr of the aptm ur HL b libflBnce fmin ihe Cf'nt^r eqilAJ to oiU‘^nurt.h the 
hetiicefi wht>i>bc, wMcbi-ver pve# the larger value. The boDding uiomont due 
to the weight of the sirder and the rail h takeu al the renter and added lo the other 
vaJiu\ even thotuth they may ni>t occur at «imc potnfe. A widi^flafigixl rollctl \maiu 
LB now geticnilly UPe<l for modemte BpaoB iuHtrad of the stamiard 1 beam or built Kirdi^r; 
it may have mfficient lateral frtifTne^ to rt^t ibethruil due to l!ni molion of the cnutc 
and t he ?wa>'ing of the Fiispended load, or it may lu^d a cover chanpel ou the top 
Boltholea muift be provided for apedal adjustable dampR for huhling the nul in pcwiliun. 
The clampB are adapted to 7H in- but lhi=i may hiT mcxli&iHi slightly if dewnn!. 
The depth of a eraoe girder ia uauaJiy about Ho iht^ Hjian. Thi^ lateral Londitig moment 
id ianx^timcti taken bb Ho the vertlcail fK-iiding momi'iil due to live load and impact, 
but the apeclheationi of the AJIu-rteali lUFtitiitc of titef'l Coiudnictlcm Ftatc tbal I he 
lateral forte shall be 20 pertotil of the Bum of ihi! welghlf^ nf the Sifl€*d toad and of the 
eratic trolley (extliedvE of other parti* of the emotL one-hilf on each aide of tbi.'! runway. 
The cumbinid unit atreda mUat not that Bipecihed for the comprie^ion Range. 

UlustirativB Problaim To ultidgn a 204t girder to nupport a 75 lb per yd mil and two 
cratw wheela 10-8 ft apart, each with a maximum load of -I4,5<1X1 lb with 25 percent 
impact allowance. These w'beel loath are dctcrminei:! ae the reantiumi due tt; the 2o-ton 
load and trolley as msar one end aa possible^ plus the wejglit of the crane. For lateral 
forcT we ifhall aa^wie that oni^balf of 20 percent of the 50,000 load plus troUcy is 5,2f)0, 
ODe-half at each n'heel. 

Dhtance from center to point of maximum bending moment.. 10.8 + 4 ^ 2r7 

Ehfltanoe* fintn right end to w^hecla. .. ..... ^ 1.0 und 12-7 

bending moiueiit for liv'e load and impacl 

LQ + 12.7 

44,500 X 1.25 X---^ X 7 3 - m.fOOftdb 

■4w 

Thi# bs greater than for a aingle loud at the center. 


ABBuming a 24-130 bcnin^ bending moment for dead lotid 

130 + 25 


X 10^ - 


Total vertical bending moment 
Boii^Dtal bending moment, 


2,000 X 


1.0 + 12.7 

20 


X T.3 


7,800 ftdb 


3CM,200 

13^900 


S of net Hectiorip horixnnLa] ada 

[-1,010 - 4 X H X 0 0(12.12 ^ 0.451’i + 12 12 - 302 
S of nut aectJOD^ ci>mpre«?ion RAnge, vertical axis, . .... .0.0 X 14* 6 = 20.4 

Dei'clnpciJ unit atreto, vert teal bending momirnt . . 12 X 3(^1/200 -f- 302 ^ I2JO0 
Develop«i and BtresB, horisontnl bending nmnnmt. l2 X 13,000 2t*+ “ 5,70Q 

The total 17^800 must not exceed the allnw'ed v^itue of 20,000 for values of not 
over two. In this case 20 X 12 X 24.25 + (U X 0.0) « 4fS2. The next smaller 
KLBc la found to be too RinalJ beonpe nf The nartrjwer flange. 


Gim. AngU^ girts an? lisLsl to eiiipport eomigated sleel suJinK imd the currefipond- 
Lng window ImnitH, Thiiy resist primarily hoiixontal wind presanru, but the comhinc'd 
■trefwefl in any fiber due to wand and gravity munt not exceed the uiErixiased unit itresB 
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ailowed. dndgtirrE tiik^ in luriHK ai^ ^irondary 

nu-tnbi-m whirh imichl nclUAlty fdJ without wrerkin^ iho main stnictunf^ limy aome- 
I] pin ri for a nmu^Lri' wind thnn they \m3 rak* the main bvntd and aoim?- 

for borlxoitia) bc-nding tnotor^ntJ* only. An^efi mopt tommonly urHsd an? 4 X 3, 
& X 3, and 5 X with tk* lan|^r burkontH]^ botlmn gjm ait but inter- 
imdinU* ptia may be thirkiT. rodfl nr bars art; uned in tbn lnngi?r ipumi \o pve inter* 
luiL-diatn aupport verticaJiy. 

UJuBtratiTe Pfobleni„ To d(?pipi an mtonruxlialf! girt to iupport 22-fage eorrypited 
2 it 4 ?el and nreentt a wind pressure of 20 Ih |ji*r aq fL Tht (prts tit? 4 ft apart and 20 ft 
tiing. Thn normal unit aLretaa in 2D,CXX3, but this U tnerm^ed to 2i%?00 for wind aiid 
gravity loads pombinod, Tbe girts are supported &ag mda at iheir inid-pojnta. 

4,000 ft-lb 
26,7005 

m 

25.300 
2.300 

Th« combinHl alress. 27 ,IjOO^ ujtctK.'ds 20,700; so a 5 X 3*^ X is used. 

End Cnlumus. Thi*- etid rtpof trawest of a ndll building are pfefermbSy made like the 
intermediate ones, unlw tnasomy walh? are tnsed^ eo that the building mn be extended 
without removing the whole end panri of tnof and side co^'eiing. Iq this ease, the 
end eelutuns idniply support the girtP b<?low the truss and re^l the wimi pressui^; for 
thi‘y are ronniM^ted to thi? tnutaea with fIoLIjm! eonneetiDos, and no they m^eiv^fr no rpof 


Horixontal bending mement. 


20 X 4 


fc + + + B-B 44 >P 


X 10* 


12 X 4,000 

S 

A 5 X 3H X Me a section rnodulus of 1.9 and weighs 3.7. 

(L7X4)+3.7 . 

Yertictil bending moment.. ^. —..... . .X o 

Developed iwul stress^ hoikontaJ bending... _ h .. 12 X 4,(100 + 1.9 

Developed unit stres!?. vertical bending....._ , ^ 12 X 193 +1.0 



Sida ElevafiDn 


End EEevation 


Fia. 55 


loads as the trua»^ defleoL The eolumiis nm spaced so that they ceiinect to the tniai^es 
approximately qt the principal pamd points which are auppuried laLemlly by the bradug 
in the plftfi*’ of tk imttom chonls. Tht' wic of each column may be approKiniated by 
designing it an a Biimple btam for wimJ on ihn-i end of ibe building, with a smnJI reserve 
to provide for the vertical kia^ls from the girts and erMTUgated iron whicb amount to 
unJy a few hundrt'd pounds per sr|uarv woh. 
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njiiacnti^e Ptoblem. To Lhi' 33-ft end cf>lunm of i hi^ mill building ^huwn tn 

Fig. 55 for li wind [»re«!?uro uf 20 Jb per sq ft. The end rolnmtu un* ti|>|>rcixiniHtt<b- 2^ H 
j^ptrt and 17 ft fmtn i.be centers of the outfidde ruliimtu*. 

30 X! 10“ 

Binding mnmfinl due to wLnd. . .—-— X lb.5^ - 51,700 ft4b 


Thie requires n 12-27, or & 10-23. 


12 X SlJOd 


2d^7CX]* 


Bradng Systems- The end tmye and every third or foLirth [QUTmjLxlmte lj*y nf a 
mill building are fully braeeJ in tk- plfLupn of bolh ehonk nf thn roof tnuM^ Hud in a 
vert ical plflrw' bid ween mlimmn; tnuuitor^ are altto brarcd in t he stune paneU, iMlh 
vertically and iu (be plarR^s of the top chonJ*. In thi* top-ehord hraring, h-, 
l-iu. rotE# are used indicated in tk- loft-haml half of l he pLau ■! t’iK. 55j^ eitiuT single 
cro8MS or double crow^es kong nw?ff, whiehewr timhejc The angh^ii mure iiE^ariv 45''. 
PurUne with rxlm coiuk-eliona form the ^mprewqon nienibL-rB uf I he systctn. In ibi¬ 
plane of the boltom ehortbi, a continuouH line of niruia e.vteiniw the full length of Ehe 
building in line with the end columns- these at rut h are nukde of two angles S X X 
a or 6 X 4 X fft in tk bmeed bays and angle anglet. like tk diagoitals, in the inter- 
tueiiiale bays; ikm- ifEmts in the brafvd hr^ya divide the crusi V>nwirg iniia three seta of 
diagonals, as Itulicated in ik^ right-hand half of the plan. In ik- intermwliate tiays, 
enough eulditioual acigh^ an- placed to form a system nf diagonals extend!ng tht^ 
entin? width of the btiiLding to prievent dietortinn of the building as a whok When ik 
nufubi^r Ilf jiambi is nuch that tkre are ihme baya botms-n hract^i imy^, a fulbwidtii 
crMs can be UHsl as shown; ocb'imw, the two Hyptene? overlap, wme of the rru^nilM^nfl 
in Ik braced bays , act mg also part of the large r sysL-m, Tlbn angb^ sway bracing 
betwi^tn eulnmiis k maiJe of a J^inglc €^rQ«S or a double dep^-mling on the bl ight of 

the building. A duub1i--ang]e rtnit is used between double crwsi-s, Imt a nion' elaiioraio 
cave strut Ls uM at the tops of iht' columiui fn serve as a tM>mpn^on mi uik r for idl 
thtv^. pystems of btikcEng. Angb- Rway bracing is abti Ufv<\ at thi‘ ends of I he building 
hntwi^m thi' main and the end CH^hinms. The diagonal angles an- usual!v 3U X 3 X 
Hii. 4 X 3 X Hi, cir 5 X m X 

The shaded areas shew tki wind preftiure n^^iipted by the diffen nl sVstem*: of the 
end bay Tk nula on tk- rods are tightened, itrul the angles made a liule ?hort and 
drawn into place by drift pins in fjedtr to give them enough initial tension to eru-ure 
immediate action. If bfl Jitjl mf»^ry to calculaie the Str«*gies in the bmeing t^ stenw. 
for Eargi^r sections haw been mom or h-w alaqiJardiacd in modem prnetiw to give ri^ 
gidity. TbiE STigk^ are pSan-d with tkir longer legs vertical to tinloiv sag, and Imltom- 
ehurd bradcig imgL-s AU- turnip upwani To givi' crane ckoratice. Tofujhord bracing 
10 nftim ooiitti-d when slk-athing In uiAsl, bu! care must kf taki*n to pn?venr eol]flp#>e 
during erection. Swav bracing is omittcMl whi!n mafttnry^ vMa are used. 

Eave StniEfi. An a^jlvv at ml is a horizomal member ccKmasrting t he t^ipf thr- etilumns, 

serving as a girt, a purlin, and u cumpret^ion memkr nf thne syaU'-ms of hraelng; it 
may also si rve as a supisrrt for t Ik^ aag rods for tk girts. An i aCi* strut is 4}nnimun]y 
mi^e of a channel with n ^itieTening angl^- along tk lop of i\w web, 
twtj angles connected wjth latti^a- bars, four angli^ii- hittin'di. or two 
ehanneU lattiiYd. Tk action ui q.Hually fii-Urrmirji-^J by streU^ diw' 
to wind on the side uf the building rmlur titan wind on ik end. 
There tfi a direct cempr^^ve mu-HNl by the indkl len.^^inn in 

each sjTiiteni isf ‘diagoirals. Thu intermediate eavc atruls afv- made 
like thoiie in tk braced bays. 

Kiq. Illustrative Frohlem. To tk-fiign an eave strut fur the mill huihling 


S 

T r e.ofy 

feJI 
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Rbtiwn in Fib. 5^, asin« ^ 8 *— ILS^ they aami^ tbe ptifMttn hut with a 5 X 3^ 

^hown in Fi|^. .'56. 


Wi-iRhl ur^hvl, slaiu, u pel Ahi^thing ptT lliiejir fuol, ilsiiign l4t ov^rli^ng; 

ikitd ai]i>bLlf of u 4-ft Hpin^ Ui rhp m>st purlin .., ^, (10 + 6.5 + 3)3 = 73.5 
VVinghl iti i'hiinrH-L nri( 5 li- eusititciL^, i^pikiiiK pie»^ and 3 ft of cor- 

niptifd nifvl -. ........1 1.5 +3,7 +4 H- X.7 X 2 * 27.G 

V'erticul miniKiiirml of tiarmal wind presf?ure on nMf 

15X3x27,5-5-30.0- 40,0 


Total vcjlitni od»ipcinunt per fool..._.. 

Weight of windows, eomigal^ su^l and girts rarried bv sag rods at 
nud-point . H2 X 8 X 8 X 12) + i .7[{20 X 31) 

~ (2 X S X 12)1 + (G X 10.4 X 20)f ^ 2 

^V^tiral hending momont..- (lJiSQ/2 X 10) 

Horizontal oonipom'nt dut‘ to wind 15 X 3 X 14 + 30,R + ^20 X 2) 
Horizontal U^niiinK momunt. ^X 10^ 

Direct stnes duf- to initial ton^lon in tiitvr M«la of diagoiuibf 


. ^ / 20 ^ 20 20 \ 

5,000 / “ ^ + “■-1- 1 

\2lt.2 23.3 20/ 


ertiisil dofliinrt> from center of wrh to center of gruvilv - - 

^ 3M + 3,36 

Horizontal diatfuice from back of web to center of ijra^ity 

(2.56 X Vm - (3.3(i X 0.58) 
2.56 + 3.36 

/ nboul horizontal a^i^ A 

32.3 + 3 . 3 a X L37* + 2.7 -h 2.58(4 - 0.84 ^ 1.37)^ 
/ aboni vert ical a™ B 

1.3 + 3.38f0.5S + 0.36)' + 6.8 + 2.50(1.59 ^ 0.36)» 

fnic stress due to vertical bending . . 15,900 X I2f4 — 1.371 49.5 
Unit stFMs dm* to Jinriiontal bondiiiB., -3,000 X 12(2.2t5 + 0.36) + H.S 
Unit atr^ due to itiitiaJ lensbn^.. . ^^. . . n,l300 ^ 5,92 
^.....H.8 + 5.!12 

18 '000' X 4Mi 

T'nii Hlri!^ allowed I in conipri'^ioii l/r > 120.. ......™^ 

^ ^ ^ J20 X t2)^ 


The Hum of tlie fmctioiiR. 


I8,0tl0 X 2,5 
10 .100 + »,400 l,9t,0 

26,700 ^ 10.^ 


141 


I,71K> 

15.000 ft-lb 
60 

3,000 f tdb 


n.ooo lb 

1.37 


0.36 


49,5 

14.8' ■ 
10,100 
y,4oo 

Km 

2.5 

10,500 


0,81 


T^his ia 9£iti.4aetoiry Ijei'aiiate a 4 X 3*4 X angle wuiild he too suiaU. 


Main Columns. The longer piut of a c-oluuia which ^uppurts crafiL>-ninwa-v gerderz 
fthoulii pmjert baynnd the upper ]Kirtion to nJhiw aufficieiil rlimranH? fur the crank.E to 
pasfi the upper portion whieli zupport^ the roof. The upper part mmt aplici-d in tb- 
lower part by enough riii’ets i>r welds to cftrr>' ihe direct str™ anil the bunding; it may 
nut he necessary' to urn both w^b and flange splices. Honw- t>'pi5 uf seat b uaimlly pro- 
vhletl fnr the ertuit girders with a di^rihuting phtte and i^LippurtiDg angles and fftifTeneni. 
Kfuat braces ar^- us*hI also. A iliaphragin is u.si*d to connect I be top uf the ginicr to the 
CNdumn to pn^vem!. Hie ginler fram ow*rtiumng. ft la not satbfactury to connect the 
girder woh diicetly to the column flangi' uf to tiac a deep dlaphra^ connecting to the 
ginler Web, becaUM^ llie Hvidn iir welila aft^ likely to be lucitwrwxl by ihu coniinuouj^ieam 
action, ^cparale columos for tW crane runway are abu Eined find lied to the tulumni^ 
which supp^irt the naif. Thr columris are destgntsl to nan-it the i>verturiiing u^ndenev 
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of the wiad dq the fidp nf Hie fi>ui3ding- Thn sw^y bmdnff at the endj of the bqUdinit 
is puffieicnl to prevent a short ^ructnre from overturaing, but even Krith bortoniH?hord 
brsfing it b not very salbfftetoiy m prerenting the eotkpse of ihti intermedtate bents 
of a IdAg fltrueturr. The eonneelion of the tnn^ li> the eoltunn rven with a lange pissel 
phiX** b net f*spe?bi.lly rigid unless a knee bmee is used boLwevo tfii^ eolumn and orm uf 
the panel of the tnu^p or unli-i^i the truM im enough at the end to have two 

cdimectioiuc to the ^lumii. 

With kiMw bmcea, rach bent b di.'«}CEud to O'SjHt the wind preAfure on am panel. 
The naitmint eaUMsd by the knee bmeeu imd by iht> anchored baj^'a makea th« cnhimna 
bend jo iwq dilutions, bs shown in Fijs- 5?. The cleterminatiao of thir point of oon- 



trsilexiirc m not exaet becauja^ of too loany untvrtain i^letni'otn. aufh ah tbe aioount 
of restraint aod the f&et that the eolumn b not of imiform a'idi:hp it b eJoae eonuRh tu 
assume it midway between the knee hr^nr and the Whtn the bent ns a whok b 

deeigood for hofutmud pnansuro oti tho column and ucnmal p^t-^^suJt^ on ow^ side of 
ihe roof, tempcirarv' mi^mbefa am iawtl, interHeetiiiK opposite the kuEv-brace connec- 
liotw, to n-plaec the toluma by a Kimpie tni^a m that m the kiw*? braot*# and 

lnLW mj^mbers may be found graphically^ later, nioiJiB^l atmAK^ In the eolumu ailer 
the tetaponry memU^rM an? removed may he found, i^ince 00 many of the truss mt-m- 
behi am detercniiLOil by minimum si'etioti or by slenderm^ ratio, it is usually better to 
design the truw for equivalent vt-rticitl loaija which pfuvkfe for both gravity and wind 
kwtdis app 1 ii?<l to both rides of the tru.-w. It Is then didicult to detcrEmne just what 
wind forces to eocsSder in the di^si^n of the eoluinn. Since the %vnical strcsBca have 
mlatively little effect upon liesign, it \a ehi«5 enough to take the im,-?? reaction as de¬ 
termined from the lymmetricA! roof loads, wilhout adding anvtliihg for the o^'erturti- 
ing due to the huriaontaJ wind forces. The bending moment# fnay he obtaiaud from 



Fio.iSS 


the horizontal forn*M iDdicatod in the Sgure, bdoding one nt the mid-bught of the 
trufl^ basetl upon ifte vertical prujectioD of thf^ roof, 2fl X 2G X !3,S - 5,500. The pTVft« 
surra at th» Iwl, the knee brace, and the point of eontrafliutum an? 20 X times tlk> 
vertical distaiiMM X S, and H X I&.5. The horizontal component# 

of the rfjartionit am ai«umed to be equal, each being H(Bv600 + l,2fX> + 3,MK) + 2,700) 
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« 5,?O0. Thu KLA^itnum bendLiift matthL^mt in t\w uppL^f laartiQii of tln^ coluim h a! tb& 
foot of I bn icmsi hm^ £jn tho l&nword -dciR, nr 6,700 X - 90,400, 1ji the wind- 
vniid n^lumn St wnuJd be only (flJOft - 2,700)13.5 The boriiontfij eompnneDt of 
ibt' cotnprc^^on in the leewbjd fcjuv bniee may ha found from the rfactjoti In the lee- 
wATii adumn by lakin^ muimitiU sJxmt hiE±d, or 6,700 X 10 6 6.0. The imdup- 

port^'fi length of thn upptT Mention i» ihe length of ihn nAJ-rour partiqn, 15.5 (Fir. 56), 
.Wuming a 12-40 f^tioa. 


Unit atn.^ ilt;>veloped in iH^ndlng. , 

51.9 

\'ortical ItKid at kn^e brace dm- to ruer, jiidiug, girt*, and coluiim 

(44 X L>0 X 31) + tta X 1.5) -fc- 10.4120 + 40 X 6 
Unit niresg developed in cotnpn^on. ..2S,000 4 - 11.77 

Unit aUoiVLil in natupniaision, 

^llp sum of the frneliDns.. -.. . , . ..+ 2,400 


20,000 

'au.Tuo 10^ 


20,000 

28,000 

2,400 

ie.200 

0.03 


Thin iei «aiMfletor>', beiiajs ]e*t ihnin dhUy, but the nest iqw? snuillur is fouad to he in- 
Fuffiriem. 

The lower i^ention tif the i^tumit must he alKiul LI ui. wider tium the uppi-r Beeibn 
in urtler to pruvido pruper ck^nranci! For the passage of the Eimie; thtF means thai a 24-Lb. 
culumn must ha used. The uf ihe eiNlunin directly ynder the entne girder should 
I^nrcy' the fii]l cnujc load &t the Jibrnjal unit stre^ faund frnm the length from the beiAii 
to ttu' crane seat and a radius of g^-rabou for thAl portLon alKiut an axis parallel to the 
Afh; for this portion dedgnod for maximum ™ne load, the knee bmces would eause 
raihi'r lhan resist boudtng. The radius of Kyratian fur the reeLAngulAT daJi|^^ 0.2^0 
tlmv^ the fl&iigo width. 


Maxiumm crane loud, one load ut I'uliJiiift 


( 20 + 9.2\ 

44,500 X 1 2d X ^ J + (155 X 20) - 

Allowed unit atnesEf, assuming 0-in, flange . . . 17,000 — 0dS5 ^ ^ 

\9 X O.2S0/ 


Thidiknjuss of iaiigr^ n^uiretl tu give pruiier area. +.. 
Try H 24-76. 


J14,300 
13,000 X 9 


84.300 

13,900 

0.66 


Cbnsidnnng tlu‘ t'ulunm as a whole, the stn^twi'* due iQ vx^rtlcaJ loads, wLud nioimmia, 
and ween trie niontenl miL'^t be combined at the critirflJ seclloii, which may be Inkeii 
alaiut 1 ft above the haBi- if the reinfarcemLnt fumiHtied by the baa' augh>a and wing 
plates seonij to justify it. Thf- windwwd column ia di^gnid jto that ihe compression 
due Ihi w^ihd will act on the s^inu' side as the eranc. The effect of the wind ahnve the 
point of i-^mlniflexuTe in oin(Tiitrati:d at that point, nnd the effort of the wind beluw 
thi- point uf eobtraflfxure may W eonHichm.d as unifurtnly distribuled- Ln determining 
the ecwntricitr, it is cloije onuugh to eutisider the girt loads (taken a? twicx* the sag-nod 
hiud), ^ of the truss toad and the w'oi^t of the uppor-eedumn S 4 >etibn, and of 
I he weight of the tower wetion to aet at one taw of the column, whik the emne load, 
^4 of ihH tnjsfl huid and weight nf upper section, and M the wei^t of the lower acetipii 
net flt ttk' fucfl of the opposite Siange-- The length [a ihst full kngUi of the lower sertibn 
ami the radium of gyration is the feiwrt radius. 
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ttt fiii¥ 

{Xjm X 2) + 128,€00 + (40 X fl-MlO.rs + {7fi K 17.5 X 0.5) 
UrtJ iKt iiitiLf + [2S,OW) + (40 X 0.ft)|^).25 4- (70 X 17.5 X 0.5) 

Moment due to ocnpntnrjty (12-in. levnr sttm)...(9(2,100 — 25,500}] 

Munieiit due l4i wind {fi,700 - 2,700)12.5 -h (20 X 20 X 12.5=/2) 

12{00,0DO + 


roil pti™ due lo beodinij., + + ^. 


Unit nittm due u> ^'ertieal lonik. 


175 4 

25.500 +1^.100 
22.^ 


[ /3 7.5 X I2\=n 
17,000 — 0-4&5 ^ “ 1^ } J - i 


b^um of the Irmeliutifl 
whfcch M left* thjiii ntdiy 


10,100 5,300 

.‘ 14,300 

Thifi ut til* liKhte.dt 2-l-ifL A.^ctioik; m it in 


= 2r>p5on 

- SJ2.iao 

- 1^,600 

= Sl^200 

- IGttOO 


= 5,3<M) 


- I4.3tl0 


■* 0.75 


Co!uiiiji$ Rases. All erane columns ia.Tt millL'd to en-xun' rniit 4 iet with the haiw 
plate, but Tnucik csf tie* Kond niusl bf' trAnsniitted to the buM^ «uiKlt^ and plate by rivels 
dr mdchi, aja ^>^wn m Fig. 50, m that tbc^ onehor btkits eon hold thi^ rolumn io p]A«^ 
Trurtp or PWini0i]K crune l^^iids are liabfe to strike the coluinn, anti thi* vt'rtfRd load 
[r unually nut sudden I to prevent dLsplacemoDt. Thi^ aiiehuh lH>]ta also prevent uplift 
due to the overtumlnf^ tendency of the wind, and the anjd*^ must be fastened to 

the eolumn in order to funrtion In thb! manner- 
The method of di^fditn U hasi^HJ upt>n the ms- 
sumption thaJ the ftmitlng is rigidly eml>ed'dc«1 
in suitAhle iimterial m that it. is stable eniiugh 
lo di-velop a end for rlir aitehoreil ciil- 

ftrtin under the aspurrb!.'<i Ifididlng. This Kin¬ 
di riftn may bi! far differtuit from the; actual 
mnditions n^alLn^, and the desij^ner often ptM- 
portlons (he ba«- aifh judgment lused on ex¬ 
perience without eomputation. If he wislws 
to supplomijni \m judgment with figures, the 
method gii-en nmy be of Interest. A baai' 
angli- IR conm^tiKl in each fiange of ttk-^ column 
by four rivets ur nquivaicnl welding; additional 
rivets may Im> LifM-d if a wing plate is plactnj 
iietwcLTk tbi- angle and tbe flange, the wing plate and tht* anglt' cxtenJliig la^yond tb« 
flange far ennugh to provide driviPK rh^aranK" and I'dgi- deuanw for the riveLH. D>r~ 
respondlng rivetn hiukI conned tlw' wing plate to the tlajig4^ above the ariglL^ and mJ- 
ditirmal riiveU may hv usnd hocaUM' uf the bf*anng of tb? wing plate on the plau.^ 
l^metime^ an mveKcd angle b. placed abnvo the hai-e angU?, imd the anchor bolts 
ext^^nd through bath outstanding li'gs with stiffening angh^ bdween. Thfj whith 
fi of the base plate IS assumed Ehr same As the wing plates atbrl sngU'l^, and the lenglh d 
gn-at enough to extiriid slightly' b-yond (he angtiw, bolh diint^nuions being n multiph' 
of I in. Tb‘ totftl grarity loail P rnuscs a uiiiform unit pre^iire i^pud to P/bd. Tb' 
total uvereurning momimt -m. In ineh-E^^tiEiilr, ilue to wiml and eecentriri-ty, eausc^ 
a variable downwetrU pn,»ranre on one-half tb- fjajie and an eHfUal uplifL on the other 

lirttf^ thfl mnslnimii unit pretfinire or ufdift at the end of ifie plate lieing ^ . The wtn- 

bfP 



bined pra£^n- at one Slid of E[date * ^ f which iiiuhI not excwd Ih-r oIIowihJ 

prvs&uro DU lEw masonry ioercAaed for i-:4sinl>iiicd luads, Tlie mndEaiit uplift F, If 


















any, miut rc«ut«d by anchor bolta. 

/P . bw 
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By similar Iriantdos, (he dt^'ianre to the 

Pd 


/^ + ^\ 

''|W w*) rf/Z^rf . ,\ . , , 

I»ml of swrra pnssaUfc Tis ^ - \ ^ 2 iSm ^ pre*^rf^ is 

— * Tiit‘ total uplirt or toneion m l\w rods mt ont- tiitJ b tlir iJifferenoif be- 

2 \bd bd^/ 



twiwij this tntttl pressure and the lotaS vertical Juad 
P. By substiltilinK tbe vnlue of x iiud siimptifyiiig, 

, ^ P*d 3ni P ^ 

ihbi escprv^idti btfcomta T = — -h — — - Tlie 

thirS^iiisu of lb*’ haiv piftte, or the cnmhintd thkk- 
nm of plait" MtiiJ anjili-e^ may Im? ffHind for the tMir- 
nBipood irns j rojectioiji p from the usual capn'ssion 
I K p>/3¥Jf, ill whirh ia iho ybll procure at the 
critical point found by pri>portioii from the maxi¬ 
mum prvMurc and / is thn increased uiut strew* in 
iK'iidiiifl. 

lilugifAbre Ptohlem. To ikdign I he baw? shown 
in Fig. for the eolnmn di'Mifocd abovt. 

Minimum width of base plato, b. ^ ^ -H -h [2 X 3) =* 

Miciiiniini letiffth, .. . - -24 + 2(1 -h *^ 1 ) 4" I ^4 “ 

Total iMd, P ......,,,,25.500 + 1>24(M “ 

bending momeni due lo wind 

(GJOO - 2JOOJ13.5 d- (20 X 20 X 13.5-/2J “ 

Pkwiilric moment,. 1 e * .(02,100 — 25,500)1 — 

Tolal orerlnniEEiH tEiOliicnt *.^ . (®10,-I00 + *'i5,hQ0)12 =» 

117,000 . 0 X l.S&4,000 

Maximum unit presimre»* ^ i . . ^ ^ 1 -i 5 "^f 24 S— ** 

This exceeds IlOO X SOU; so tin? ^idth ii Lnere-a-^Hl to 17, nnd 
the mflulliag pni^ure is iIiuj^ reduced lo 770, wldch b sqitiEfactory. 

. 117.1^^ X ^ . 3 X 1,^,000 ] 17.1300 

Maxinmm tension, 7 .., 34 x l^S^l'^SoO 2 X ^ ™ " 

Arm rt^iuiri^^i at root of threadr, - 3J,S00 -^- 213,71X1 LSO 
Diiiinoterp if Jiinitlc bult b tJUeti,, r.. + ■ 1 

Projeclioii, p. beyond vrrttrJtl teg of J^i-in. flangit a ngle -5^^ — ^4 3.0 

Thickm^ of plnie and niiglc-r,.3,0V3 X 770/2(3,700 “ 
^lluckotMd of plat* under fliinRe .ingle. „.,, ^ *....... IM —H ■ }4 


15 in. 

34 in, 
117,000 

110,100 ftdb 
fi4b 

bSS4,0D0 m-db 

m2 


Dtstance to fwiiit uf sera pressure. *, .r 
Pnta^ure ill- fmni right end 


34 


17-O H . 

7,5 

/ liTjiflO X 31 \ 

Ui X i,S3i.fxso V ” 

22.D 

23 -S 

.-a x""- 

507 

7.5 \ H X .'107, 26,^ - 

iS 

.. 1.8 -H - 

13^ 


']'hbt;kiU!S^4 of pistSe and Eiiiik- . . 

I'hickn4^^ of plate under angle. ..... 

The Mrlectiun of the critical Si-etioii IB b nwiller of judgnw*nt. Thi^ prei?3un‘ under (lie 
well angle U gri.'ati^t at ibu dKlit eml and »i ru (> in. to ik^ kdl of Lh*' naiter. The 
biiHi.' plale is prc^vi'iiU-d from iM-iidinii; by ihv lUni?', the wing plate, aud the rtatige 
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anate; w U u oweaMry to find Uw thi«kjn.w #i tbu tfnd of itw wi>b uMfb, or in iJw wpiuv 
betwwn tbU and ibe flonitB. Tiw filU k-ogtb of tin: web angln itmy t»lp lo rwUt bond¬ 
ing, but the right end moy bond find tmd eau* a prugpfS'ive failurn. It taimt rtMun- 
Bhle to find tbe ihiektiwaW a ecctitm (ipprorimmoly 3 in. from tho mug plate, m wo* 
done above. The IM “ thicker than the H required at the end and ii thervfoirr aek-eted. 
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Section 7 

Piirt 1; CEMENT AND CONCRETE 


By Herbbrt J. Cilkey 


IKTRODUCTION 

D*flulion8 *od Scope. In it* tiftwdiif wnse tonatlt ilffined ^ w wtifienilly 

mode couglomerult of iwirt jBirtielw kid Uy n irurtris of cimontiOR or binding 
Withwtl quiililic.»Jtic.n. Wnfli^te eomD to iol-jiii portianrl r««™f t^Htrelr. but thorn 
oihor ci-mcnu. ii«d nlhor wuon-tw Fnr i he put^w of th^ luMrtmrnt tlig 
IB jwtrirttid to H BiitKral. iwunll.’f <*> P«wdLT form whirli can ^ mixed vith wiilcr to 
form a plnatk timio and which hardem chemically by combiTOtioa ^d h> ^ ^d 
crvKlal f^itinn ralber than by coolin*, dryi.is, cir vitnfii^tion. Tlu‘«‘ Imutato.iM 
CMiutk- clav, pwbaldv the nlilert of the cimcntmg nwtonale of conetniclmn. They 
alBO exclude the aspWtie ctmctclea and the ergimie and gluea-m' 

ti which are called ceau nto. In aiUUtion to ihe puritawl ccmcafc lU^ r^'pe dc^ fncluJo 
liwproducla, pyjoM*. ptoducta. Ritmnnor pow>l«« cement, nn/u^or 
aJumow or LumuUe WFua-rt, maaonry amenta, pluafic nywam 

or liorH cewcat and, nimc iwcntly. rfag rcwcal. all of which a« actoded mtruduciory 

nf Information; MlseellimMus Items. The fidd i# bread and rerutantly 
imJcieoinB chahRc. Since al™il IWO. for example wm.F of th.F mapr .l^clopm^t* 
with regard to eetre^nt and concrete pvwtiy minified revi«d wcll^^abl^hcJ «n. 
cepta aS pmclic^. The t reatna rt here ta.,.ire* only to outline the aubfccl a^of th« 
dare but indnitig ao to indiealc autboritaii™courrea or more complete eoi-ot^ 
to point out puhlieation ctumreU wfu-re the of future- 

to appear. At the end cf tbi. B«tion are IWed a fcr.- 
which anyone intcresred U remcnl and/or toiterere need, to ^ 

erenei.« are ritwl In kgi-nds for tabU-a or hjpire's or parcii i u ^ ^ »,„«,«(* laor 
In Fig. I an- ahown reprewntativi- relative romiamiiioiw tor all lln- n^n- 

tioned cLpt the magta^ium ox;-chtoride or Son l reiuenl (the only m which ^ciuiti 
is not a prLirv cowtitiuntl a«d the calciunt aulfate or gy^um denvativ™ (p^-r 
of wuiH Krt-oe'a cenienl, and other bard plartera). Incidentally, the pqtnicire vt Fig. J 
i« nota'eemcnt- it i. a renaming material that acquire. ™; 

bination with the liiiw, uauaily pn#’Ul in excesa tti por ^ ^ fnaieiiati. In 1053 

«pptie« similar informatum for hydraulic ecmmUa and po*»oiiHiic^reral^ In 1053 

ihJ United Btali^ pmdu«d 2«4 million bbl of Poland ^ 

more than ont'^ourth the world production. ypes ^ „f a Yvtiu I or 111 

arcounti-d for abtwl 83 percent and air-emmimng cumeut (much of Ty^ I or 1I> 
ZZmtU another iS.fi^nt, Type III Ibigh-earlynttrength), Portland p«to!an. 

white cemernmounu-d to 3.0. 0.0, 0.7. and 0.4 percent rcpectivaly. 
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tiiitimiittxl 1955 Uaitfd SlaIi^ prnciiictiiin ftf porttand n^rm'iit wju* 293 million bbl. 
Tbu UniU'd prixiiiiytion at nonE^irikiid bydraulir ini'ludiitK fuituraJ, 

niFLwniy f rLatumt), iimi* pft7i4Kbiri, and Alundnu, tulalod In L!j53 only al»out 1.3 

wnt M much a* sk^ pt^rtbiTidi. 

nonhydjraulic cemektiwg materials 

Lime Mortars and. Pla^iihrs. LiiiM? t AST At C51 1 mortars^ and plaaluts an? of 
origin anil ^^onllhuo to Lw? important eonBlm-L-iioii nmt-L'rialfei. Linii- Imih ^ a 

primary n^moiititig matoriAl and admi.\nJ with pla^torjt and port land ft^iut nl. 

Ttie GaO ulitaintH.! from t liL' dehydrarion U’alciEUiliiiiii^ of limf^toiie [caloiiim 

carbonate iGaCOilJ w tilt her probydrattidl to form the dry hydtnied Itrnr jifstnittr |Cn- 
(OH)j| inmeb ntorw stable tluui tho CaO.I nr in vi-ater flaked on shti job to form the 
wtM hydrtiU or limt pnjlty n/ftdy for mixing with ss*nd and rnori' imter needed. The 
hardeniEig \m a rutum to thi- carlHUtalr ^CaCO^t niH^i.^yatating Bcci sn ie> the fdr for the 
neqoisitkou of siarhnn rhoscUle (CQtr. Litne \» hydraiitic iw41l hunh n under water’* oaiEy 
if impiiritiLri mrh am clny-? or ideates tiappi-n to k- prest^nl i Fi^;. 1 1 in wMeb raw 
it u Ciilkd hydraulic tinu, Umr plusiterM .•shrink ron-Stdembly upon hunJeiiiiig and 
drying, and Kypamn pSaiitorH, mjul- of wliieh iiwi ]| in haolening, are often udniL^iHl to 
mikiee shrinkagi.^ jw well as to spv^.^ Lip hardening and/ur ti> incma^- the BEningtlL 
Pdnknd cemont may be aiJmixed to provide greater aEn>ngth, altlmugli tfttvnKtli is 
rarely of primiLry important^e for a lime inortaTr The eotnpA'Siji^v &treK§ at llii« hast- of 
the fl55-ft Wa.MhEi]gtoii monument is Il^ss tium 3CKI pd. Ume eontribufea "faEne^" or 
timooth workuEdlity under Ehe trowel and Ls often added aa a ptasEselaer to both gj-iwaim 
and port Land conitnnt mi^ctures, Sand^lkiui.' brirk arc dotriutimc.'L? competitivo wiEli 'vilrifitMl 
clay briek and to wme extent with pf^a-arit rtancrete bltieks. 

Gypsum Plasters and Concretes. Gy^iiiUnk plaFler work over 3.500 yeara old is found 
in the pymmidri atnl 2,400 yeira old In the Temple of .Apollo at Ehi^aae. Gyyifinni pnid- 
ucia t AST31 Gl 1) include plaster of partw 1 variously kEiowfi as W'all pl^yster, finiwbing 
pLariter, moldlEig pjaater, pnlT^-iy pl&ster, and dental plasEer) and tlm hiinl nr hnr*!- 
flEklFih planters fal^ ralli^j lliairing pLuSler anrj tillEkg piaster I iifOoEig thi-' I’M'-tter knnwm 
of width are AVotr's ctrneui (ASTM Coii, Pnrinu^ and MfirUti'w cement. 

The laek tjf flbrinkugK- anej ihf' eaatt' with which plufiter prodijeta can. be to form 
rapid-hardening I from hr to 2 nr 3 days) jjtrong Ughtwinght prudnrm i^tablMh thi^ 
imporlan-T^.* of g^'p^uin phLetem ovit a wide ninge of uae^ Gypsum pliiater^ iu>,i hvdrHij.lie 
bul are glnwiy wluble aEid eannot be used BatisTaetoftly in uKib^-t Itieatiorus. H-lairr 
1 fVoe, vol, tU, Pe, I, Bfow-T, VV cifl'frFi iSoc. Ktigra.^ vol. 24, llpl&J evolved 

libaiKn prcMwiii™ ami foniitjina for rrinforcetl gt^um di^gn/and reinforced pypsEini 
rtsftcreEe {jVSTM G3l7^ IS klMid io FuiibaJM'S ff^r' flivkiv aJiEl roofs. .Nllich of [he gyj'k^Liin 
UBcd in cofistmetinn Ls in the fcknii of pn easl blocks tk!e, and Cuet-in-pLaiv and 

pn i-ast isypaom prEHluctji we widely used as '^hn^proofinK" (thermal jusalnttoii) for 
nl ructutal^eel KitLfitmeticin- 

Ekitli tifflu illJ fcvpdueil an ranjitPin*tM>ii nMtti rijiJn Iww nlwaya lwloRg 4 -d to the building 
trtdw, proportiomng and um Ixing in t.hi- hjinrin uf art isaiin, 'sjiij.,fantorj- rtH^ultF cli ix iid 
mnw on penmiiAl skill and wurkmanjihip ihjm on [|(wgn and funruil wntrol. In sojcut' 
degree- thia aajKKrt M undefgiHinH elkAikgi-. 

Magnesiiun OitychlorideT Plastic Magneais, or Sarel Cement (ASTM CSTS). This 
Wtti.<nl niay bo uhk| «iib a vsru-ly .jf ii|!Kn-|£ntos, ftt.tn mint-ral lu luich filU-r mnU riali 
u BawtlUirt for atrans rmink-Katdiiwns: Cimenilo of lifnitud ap|>liration. In from 1 to 7 
ila^.i jtlhit ODlQpaJiiblo to thir 2S.^ny irtti^ni^hd of jjtirlljkjtd ct'rrtr^til iiti!tturii^ fitn hc 
<1 ovcIo|ilhJi Xih.' cvinoht conFuits of niitgnt‘'WLJtn rhlondo fbt^Olt) nnd calcined niAfptOFfn- 
The mnrtar i* iii>«l aa a bna. for Litorior flooritiE», such u tt^rpagiio aiifl asphalt UIl.. 
tupcciailT in rwlHUid ratF. Jt u suitahle for uiK only in dry Icuntioiw. and difEcnlty 
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may t^iiooimh^nH^^I in atfaiiiiiii^ uivirormity. Misioti with fiWr f CJ93) 

it fornu^ a wchk cemont murii um-d for injul&liiig ftroiind fumfiiMts and »te&m pipes. 
It wiih.‘*tuai[!#. teniperaoinfft up t* about IKKJT. Ahhuw^b it 13 nut a. now euDiL^Dt, oniy 
in W7 waj( ASTM Coramitttw C2 orf^mxcd lo barmukt*- j^puKiifiratititm, ti.^tu3}( mL^thods, 
Hiijj dpfiuitium Kos'i-rninj; ifutfiniisdiitn uxyehluriJc risiw-uts and thL*ir pnxluctA. 

HYDRAULIC CEMENTS OTHER TEAM PORTLAND 
The trui‘ hydfnulie cvmiml(i mv the various luid nd^ar-d rewiWds, dbivrttr4d 

rrfiifcjL -ddtf c™™i, and p^ritund crm^ni. Other ccmentfl tmxi ceimintitig tiuteriab rlbplay 
hydraulie praportic-jf in that they wiil harden umh^f hut their aIow solubility 

noik^^ thi^m iin.mittd far mifh^r w-mter or b damp Ltwatiunji Tdile I hupptie^ typie&l 
oonipwitioiis for hydtiiuJk cements ineladiii^ portlfunl cismeni, bs dues also Fij?. 1. 


TABLfc 1, Trirlt.'AL PERCE^^TAfiK GuilPOSITIONlii T^AiUOrS HVDILIULIC CeUE.VTS A_V» 

rUZEOLAXIC i^TK-WAtjS ^ 


Kind ot iifjviWLt 

BifOi 

AliO* 

FriQi* 

CnO 

AtffO 


KtO f 

NiiO t 

Ijwii- 
uW« t 

L«t 

Type 1. 

31.3 

43 

2.7 

tl3-3 

2.0 

1 a 

: . 

, 

03 

1.3 

Tj-pe tt. 

3i.3 

4.7 

4.1 

3.t 

43 1 

25 

1 7 



U.I 

05 

Portljnil T>"p« til. 

304 

5.3 

1043 

10 

23 



0.3 

1.2 

PartLaad Tyi* IV'. 

343 

4.3 

4.1 

022 

15 

1.0 



d.2 

GO 

P^inbnii Tj-pe V 

Pimbail wnilJi........ 

25.D 

35.5 

5.11 

2.S 

03 

04.1 

050 

1.0 

1.1 

I.S 

0.1 



03 

n d 

0 0 
n.d. 

PCiTt tft.Tk d‘^pna lu but 

ASTM C3^K» . . . 

21 D 

5.D 

3.0 

03.0 

3.0 

13 



, .. 

2 0 

Ab-TM Cd5fi. 

3a.D 

14.3 

l.D 

450 

4.0 

1.0 





Akiintiniiiw ... 

53 

59.8 

U.ft 

33A 

I 3 

0.1 



4.a 

0 

.. 

PotitiiM . . 

3r.a 

T&.U 

5.5 

e.a 

4.3 

3.5 

35.0 

423 

31:2 

42 

0.5 
i a ' 


n 

n.d 

0.4 

4 1 

45 


233 

S3 

2.5 

40.S 

1.0 

1 s 


r r.. 

0.5 

3-4 

TnuaoO.<5[}[GGrtnblI> f . 

35.1 

49 

3.3 

353 

12 

1.1 


. .. 

15.0 

& 5 

Ew^LtMjrtkaiPl 
t’Cirhoua) 1 

2ia 

e.5 

1.7 

57-2 

33 

2.0 


. .. 

a d 

n d. 

FaHolAPK pk*|FEialB: 
PiiiPkiSic. . 

72.3 

13.3 

11 

0.7 

0.4 

Tmc^ 

54 

1.0 


42 

lluTTwd clay. . 

P&jnvi:^! flbinip'. 

533 

J44 

9.3 

33 

3.0 

J.l 

3.1 

OS 

. 

10 

51.7 

32.4 

11.2 

13 

1 1 

3.1 

3.5 

1J2 


32 

filoai^Euraaev ilai . 

23.B 1 

j 13.1 

1.7 

453 

2.1> 

Trac^ 

r4. 

n 4. 


n,d 

b^pLurip. carlli.. 

03^ 

, 13.2 

49 

4.l> 

21 

D t 

2.D 

9 0 

. 

4.0 

Rbimiijlti trtMMi. 

45.2 

1 IB.I 

44 

li.a 

13 

P.l 

5.0 

43 

r 
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ilurped IpiLti'-. 

E3J> 

: S3 

a.2 

2.4 

l.p 

0.7 

m.d. 

n li. 

‘ 

0.4 


I KwvfiytM ruuiily ffO#Fi E^l. I, T^bli^ S,a_^d ^ p|h 33-33, 

*■ latlydtiD aiiv Firll jiframti. frfllniiUt«l mm Fctfij. 
f D-d- - tipt UAenriin^ , ^ j *„ -ft 

I TrftM i?nne’iit Imtint a ir«*—cJJnyrr rftUn of 

f Tram ciAPPUl Imnjt Ji tJAfci—clwk^’r Fall* ol 50:50 ^ at . an 

I ^;iw|M?nlBiid b m Gern^M purilapd aUw ™utaiL (W to i L* pcraut cLUiAarfH 35 iq 90 


ptfrenl iJaa; 


Poixalanic u4 NaturaJ Cem«nt!i^ Of sbe tnu^ hydraulie ceimmli itudund, porltand, 
and duminn;) tile oUli-^-i O' the anramt Roman Ftnluraf Cement produced by mixlnj? iiniu 
mtli a vulcanic (?allud pcjuduan ialso piMiiulaJin, piuxr^lafui, or piiunlanu) after 
the t^iwii of PoxxuLili neat Naples wbeit** it wjuh first found, ft h&p- since been found in 
majiv other pl3c^=^- The im«* qF Gentamy and Hulland ntid t-hi‘ ecnu^nt of 

Cfeeee <fn.iOl tlH’ isbiiil uf Suntorin) are uf aitnilar origin pmij eompcecition. ArfifieioJ 
ur nlii§ eenif/da (A^TM C368) (nut tulje confused with paftUirui cemifni mnnn- 
facturi'd from ssIuKp ASTNl CaitSi are made fmni pulverited hla»L-ftiraace sLa^and from 
hifthly hilsceuiw ndia-'rals *ucb as diat^Hnitc and pamleiUF, 

L'lider the Rnauuas the mncrwte art beeaitie biKhly iJevekipud, and imirli esei«]U nt 
eonc-n4e was plueed. as juditisJ even by today s Ri^mdards^ It must bt reeogb^od^ 
howevtT, that ia4tlRr the rlSmatlr expoaiire nar the riRtira uf use were at alE comrjaFBhlc. 
witb thnw eiiLUuntei^d hy a modern pavement in the nurthern United Stal^i^. The 
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CEMENT AND CONCRETE 


^litinKH ^ Vitruvius imJicftie ti recofnitioD of many of !ho of c^ncn^io ttiai 

wi- tliinJc of tnday ns bnlng morfem df^wlopmi'iits. 

FolbwiTii^ thif Etfinukrui, tho wnh^ni lirt# hod a im-HeihI of domwincy oc retro- 

f^rcwicm anii it woji nnt tinfil tho olassic studiod of John Srruinioa in prejmmtlon for 
n'buildin^ the Edystnup (Sm^aton'e liehthou!^' |175^) l7ofl' ihuL propfreiw 

wna rwiuniMi- i^nipatou oyoh-cd o pnwepa of manyiaoturo for nolur^ renuent whyrew 
the Ronmns hai! mEirely u!hvJ mflleriot* nireaijy fuJfcy pn^parofi ut«!pi for thfi nJildition 
of Itmi*. Jfi' nwojtniiod iKrtt impure Iknestont? when ooldiuHl ami proumi tuui hydraulic 
ppopentBs. Tht! piotmr bo umsI wm ftj/drfluftr hVtf or viriiiiilly a ncUurfd fPtNifnI. 

^niDflton's pritnary advjmcw o\Tr Roman practice were bii roroipiitinii tlmf Impuritkc 
in the natunJ litiicfttokin aornuntpcl for thi^ hydraulic pro|jitrtib^n anti bin uiitf of calrliiAtion 
anil th4! MilmitiyehT. ipindiiin of iKti (.■aJclnt-d product. The Homan oummls had been 
monufaeturwl by nntum tbrou^b volcanic calciimtion and tdready pre^ 
Bnound in tbe foftn of wtcanic dual or oah. In hb careful selection of the impure 
Htoncf thmuj^k much cxiKirlmctiLatian, k^tm-atou ^Kcured a nuuiufartijred natural cement 
of L^cclicnt (luality but nii^iscd the disooven' of pri<iiLciiid ccmjuiit bocaikH^ nf: 

1. Hi? reliance upon natural rather Lhan upon ctintn>1tiH| artlliclaJ proportinninjf- 

2. The low cnlnning temperature empSoyod; high enough for complete decarbonka- 
tion but m>t high enough for vitdfieatiDrk or lucipknt fuKtoth. 

3. Hiff ffiilure to rccagn*^ that the hard-buj-ncil particlee when ground fomiiid the 
|>e?t pcmcnt ■ irwtcad iht'ai' were discarded. 

Natural itJincnt (ASTM C31D1 is fea? uniform, Il'sh atreng, and hIowci setting than 
Is porthmd cornunl. 

About ISIS, aa the const ruction of ihi- Eric Canal was bf'gun, 8 j-cara prior to Aspciiii'^ 
British patent on the manufactiito of pty-tland ccmiinl, a large depoait of uniform 
natural remcnl rock waa dimivercd in Now Vork. The uso in the cuiud stryctun^ of 
natural rement manufactured from these dcptml? ctinlribut+jd to the cuiititui^Ki ttldt* 
spread UA? of natural cement in this country for many odditiocuil your?, Thi? rc]ati\'Vi 
importAnre of ualural cement decreased rapidly, however, after the turo of the centur>% 
and wntt^ alKUit 1910 the upc of Rohi ndale [tintiiral) cement has k?i?n mainly l™l 
and larp'ly an a MsnFtituent of nwonry ireurtars. Tn the kto \9^Ye inlen^t in iiAtuFal 
rcmcJit was revivifd jm a hiend with porllanJ fnr highway pavement coaotructiuu 
hcrause of ihe apparent added resiatanrc it gave ugaiiLMr the clamagi^ incithml t 4 j freezing 
an[| tla^ UHe of active chlorinu usAis in snow removal. -Subai'ciuci^t U-sts IiuJicatf^ tlmt 
1h4^ kuiehcial elfret of the natural ct?mnrit hlcnds is prot>ab!y liuii snlcly to a Utnlleil 
conmhuEion of air entrainment fpce ''Air KntroinniiuH''^ and "Admistureis'') from a 
slight oil i^ontanunutiun and tk- ure of tallow ag a giiiiding aid. Ei'tter results con tjc 
W'curcd by mdag ^'air-entraining port land cuinent*" (AST%f Cl75> cir by lamrkg alr- 
entraining admixtures lih thi> nom^rpte. 

Alumina Cemenn Alumina cement, currently the most important of tk? nonportUnd 
cemEnla, wwi developed in France about IftOg ns timeni fondu fso called bneaus^ of tb‘ 
eoja? with which it fuBc*)- ii also carriefl such names, a* Ai^Wumiiiu cxmeni, cu/cium 
ofunltmier cpairaj, alUmiimuu and LamnUi (the propriulory trotJe name Utukr 

which it id manulactured and sold in the Uiuted Siatca tiy lb^? L'ru^^-rotU Atloa Ponland 
Ornumt Oo'.j. During VVorlil ^Vor 1, afuiairbi cenu^nt came into EuxopMui-n profiilnence 
iM'Ciaure of its marked rcsistanre to active waters and soils. hlaiLufaetur^ Hlaried In 
England, Germany, and the United 2^tal«fs af*out 1 a24. Tti this count r>' its initial apj^eal 
was for \m- in high-iukrLy-ftreiifftb or 24-br concrete having alamt the aame srtrength as 
28-ilay portliual cemeiil ctincrcte, making it valuable for emergency repairs, for tbn 
petting of miicbiiary* and for straEogir consl ruction iDealioru^ to expedite erection sekd- 
uk». More recently it haa uniuinid on importaut place in B<irac phases of oil-well ct- 
roiniirig igrourinR) and fnr corrwiciu-reaifltant ctkocrete exposed not hmJv to naturally 
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aclh'i' HoilB BJtd waters hut tu iuduBtrial inclqdinjs uw in tininif^ for «,nd in 

wrciuKht Irou and »t€cl pipfn- ocmetit Msbetif^tn ib not remtAnt tn Bfrtmic 

cansticH or to bydmcliloric^ and mini: addb- Alumina u valiiabk! fnr 

ridil-nrL'athiir iKsth of thi? short p4,!ricHJ ovor wLitli it is vuiiu^mblp 

to Tn't'jiioK and beeaiw il* tiifth hval of hydration provjdoii aiiifod protpclloc durini; 
the liTnitcfd pcdiod of viihu'ralnlity^ It k bs-coming incrca^iaglv important for heat- 
irMptarii and rrfractory foncrEle, crushed foliJ) firebrick hcuxg often Uised for aggn^- 
gate. M'bureafl portlnTid oL-menl h virtuahy dehydrated and dMategratcd at StJO'^C 
(WUTJ (pHa*: Fig. 2tS:iH alunhna ctrtnent retains cmiygh nf it^? combined water for atabdity 
and moderate -strength up to aXxml HWKl'F^ at which tninnptraiurc it begins to melt 
jUghtly^ attaining a fin.'d or fusod bond which proviih-* rontiwcd or added Jitrengthr 
If fiiady ip^utind topaK^ s'itii-a flour, or potler'i flint k jm »ti adtnistum, the strength 
increw.^ gR-wtiy between ItKlQ'' miiJ 2200 "‘F. 

For nmny purjKhHe? The basin of Belcofion between portUnd and alomina comcnt con- 
Crete iH economic, the choice IjinR between alumiria and inne of a richer oonmto, poaidbly 
Typi‘ III portlaJid cement with or without pteam curing, (rilcam curing ii uci^uItMblo 
Tor e.s+* with alumina wnK:nt,) fts high rapid heat nf hydration makes alumfiia cemrirmt 
[uuirt'ly miduitiaJ to massive con^Ftnlction^ ond it must be kept thoroughly wet througl> 
out ILII than period of hydliatioti to lUi'Ct PoolinK ^ well as hydrating tavdd. lo com- 
hieatiotL with pcjrtland n-meut, alumkia oemeni ta irubjcct to Hnah *?t, ntid care ahuuld 
biH i!Korcirt€Hi to avoid use of the Banic mixing equipment without thorough clojuiijig 
helWeim Ujwa. 

The high pcTci^ntage of alumina (sec Table 1 and Fig. 1) dHTerontiatc^ tho alumina 
ct^menl Irom the natural, ponzolaikiC;^ and portlnnJ cumcnti!. Alumina cement cannot 
lai tiianufacturud from limestone and day but rvquijTa f>auxite, nn Ln^purc hyiimtod 
alumina for mixing with ttu? limestone. It w several tinifs ns ct’t*?tly ns ordinary port- 
land cftnt^nt, Ttk’n? is cum-ntly U357> Tio ASTM xtandard fur alumina cenmnt, 

PORTLAND CEMENT 

Hifitoty and DeTelopmcuE. After a gmal deal of supplcnamtary and additioual 
work by others iRjbeequent to tht‘ duiiiiifl of l^mcaton (much of it rcpetltivob fl pre- 
Bumalily rcmainml for Jeweph AspdEn, a bricklayer of U^, England, to lecogniao and 
cupitalizu upon the hardLf burning and artificial proporlioning of the Brg[il1flceou# and 
ealrareous constliurnta and in IflSd to |:iatent a prort^Tw for the mimurHctufe of "ptirt- 
latid” ten lent, ri'jsortcdly to iwnu'd bemuH* of the n'semblaiLre of the haidcmMl mortar 
ly the oolitic Unu'stone on Porilajui Tsiund, AiioLhi*r wmoii awribes thti nanw to a 
quobvticin from isnieHtOT^'s writinp' , r tn make a eviiumt that woutd equal the licst. 
nu^relumtubh.^ pKfrtleuxd stoae in solidity and durability.” (-Sec IMa. I and 2 far n mnit- 
detaih^d recital of historical prtM and consJ 

The high etwl of importing portlnnd cemi>nt and the wc!J-esEabti#htid use of oatund 
cemint ret4irde«I familiarity with, mid demand for, port land cement in The lVuiEi>d 
.^taieSp and iT was not until 1871 that the firiit mill of importance wtih put in operation 
by fhtvid O, ^ylor at Coplny, Fa. Cement froin thbi mill wras spi'cifhHl in lli7S for 
urse. by Jamirfl B. Eadj^ in the roiwtruction of the jeltirt at The mouth of the Afbsl^ppi 
Riviir (the lir^t import pint public wn^rk in Lhin iNiuiUry for which |)ortianJ cement wns 
usL'd>. Thc! first iKul^land cctnunt concrtite nErcet wa 2 J huih by Ceorge \\\ Bartholnmt^w^ 
in ISfll at Bellefonlaitie, Ohio, and it mmaiiis in excelkint c^mrlition. Although much 
ufM^d for sidewalks, concrete did nut begin to be widely used fur bighw-uy^ until iomti 20 
jmrf- iHter, 

From thi! beginning porLEand ceinimt hiL« confofitiri?d to one general ihiEnitinn but 
has uevcrtheless undcrgoot! contlnuji.1 evnlulianan" thaoge in actual proport taru and in 
nianuiacluring techtiiquetf. Asiwlin'fl “perlland” eeraenl probably f^orv little rest'm- 


TaILLE 2. PoUTImANU CeUZST*) OourAKKIi OS BAtilft AHTM ('kllZMlCAIi AXO PlIYi^lt'Alf BK^nIIISMKSTS ASO 0\ AvKHAaK 

V'aLUKS rOSl CoMlSlUXM C'miVCWITIOXS AXD CkjMlilXATIUSK 
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bUiin Id ihd iMTCu^nl uf tdcliiy:, ftnj jih ilh ItrJO ranviFntbnaJ 2iS-iJjay t^tAndorJ- 

carvd conweto nuiKC'd fram 1,000 to 3,000 \m. Thf^ sTtrenicth f^nvi«p<mding 

Id 7.5 g&l WAtcr piT sack nf ccmcnl ittpprdxinKitjng tb' did 1:2:4 wncnelo) wiw 2,000 
fwL, when?d« today's ccumptimbU' mixtun' lidvi^bpiH tAm^i 3^000 pni Jtnti sirdrKgths range 
fruirt a minmium of 2,000 psi far thi' mixlLu^ ti|iwajt| tn O.OOt* or i‘ven &,000 

fisi, with 4,(JOO td 3^000 p^i cuiidrcU'* Unni? ran].iTidfi fcr n wido range nf adaptatidiiF, 
Strengths above J0,000 ate easily ati-aiiiidjb. 

Tbe long-«tanding tuufii- ibfiiiitioii purtlaiiii tvmi'nt hi\ti rn^nmtnetl e^-ntialSy cdiv 
BiHTii na; . , the pJ^idct dhtniiiL'd by hnrly pulverisiiig eljiiker pr^Klucetl by ralrinidg 
tcf incipieiit an irilLEdate and properly propurtidiiEMl cubcturu of and 

ealearedu^ materialn, Kritli no additions sul^sequant to ealrirLatiOfi excepting water aniE 
catriD^d (w uncaJrmed jOTMum.^^ 

The rlau»w pfdhiLkmg additions-, <ktln.'^r than ai|bs4X|iinht to aajejnatiuii 

was pidbahiy wiao ki pr^'venting irnsponaibk' tampering with w^hat was iniriided to 
bt^ a ^tandttfdiHd product. The inference was that any surb additioii would Iwt in- 
juriotis or at leaat nonbenehelaL During the late IQ^'s rement □mnLiiaeLim'm imiue 
in recdgaiid that a very small amount of tallow or rt-i^nous niatejial iriLrodunMl w^ith 
the ebnkt'r racilitated hnnl giiniiing without appar^>nt harm to the eutnL'tit. AiTM 
Commiltix! Cl on Ccmenl intnKlu»?d n ferntTidte clattfie to tbi^ port land di-niont speci- 
fimlloii providing for the rertification that certain proved aiiditions w^en? ''not barrnfur^ 
<aiTil therefore admiswib^i.'J whi-n used w'ithin aiipiilat*‘4 maxi mum unotmts. A grinding* 
aid matt riii]l known as ^'T.D.A.'' wai* jiu appro vihI a>iout and a second grimling- 

aid addition known a-s was appru\'iKj in 1047^ each as a '‘no nharmf ul addition'' 

iindHr the A!^TM Specificatinn C150 fur PortLiiicI Q’-mr-nt. 

^‘^horlly thenhaft4*r it iweame appcin-nt tliat aligiitly largi'r ttmouni^ of a-rlain resinous 
or greasy materialn inlerground with the clinker gave airHE'nLrajoment properties to thi! 
dcmeot. AlthoiLgli U-sts showed that eoneriitoti rrum Mr-H?JitraJning cements were 
likely to hftw soToewhikt lotvcsr atn^ngths than the non-air-enlrained ctmertto, they 
j'howt'd great^ir plaatieity (at even a lowered wator rnntenti^ freodoEii from segrejfJttionH 
and ronLarkahla increnses In dural^iliiy agaiioi^t fo^ixtog and (hawing and (be use of 
chlorine salt» In anow* removal (sec '^Alr Entrainim-tit’'), 

In KpiL>e> of the obviouK btmehtii^ an addiEkin tliat luwereii the s^xength ecpiild searoely 
be coitihiid as nonharmltil, and a s^iparatc AST At spt:>e|fi[:!atlrkn. Cl 75, vtas in 

1942 for air-entraining prurtland oemi’nt with a footnote p^^rmiiting the uw of certain 
raining addilioits" after iiavbig;, from tests, lioeti pnoiounced hy A-STM 
Conimilteii Cl as ^^acwptable." t-nder ibin rinuse ''Virokil resin" was accepted about 
19H2 and "Darex*' about 1944. Others foltciwini. 

Chemiral formulas and rDethods for quantitative ileleJ-tnirLation arr: given in the 
appropriate AKThf dejqgnationii fnr all “fiMlditiisrLH" that ha%K' Ik'vu |iruiiomieiKl dither 
'"nnnbartnful'' unrler A:'TM CI5D nr ''acivptable" unricr AS'FM Cl75- Air-eiiilruining 
ajsimts arc now intTOkinc^'il and imlil bnfh us ''■a4iditiorui" integral with airH-ntrainlng 
rxuik^nt hTnl as "■arltnixturt.’'tf'' to b' ititrotiueed with EIh’ uthtT ctmeret* inp^'dicnta at 
thr time of nxbring (war "AtiEniituftv"k 

Within the broad gi'nenil dehnition of port land reim^nt there haa always exislecl 
conffideriibk'' h?eway for variability of piuduct, which may be inhuenoed greatly not 
enty by the cHrrairal prapckriion,« of rea|jeeiive oonstiluoDta but also fay the hardness 
Ilf the buiningand the boeneHi af tht‘ grinJing: 

From thfi LnJtiaJ A:^TM slaudard for Portland remi-nt (adopted In 1004 as C9-fH 
Mid revificd in 190S, lOOO, 1916, IB20, 1626, 1030, 1037, and 19331 unlil about 1030, 
the n^ment indufl-try and the ASTM reeoguixed but Otir porfhnid cJihment, In pact, 
perlkaps, lat^UHP nf thf Intrnduelion in ihiF country of Lvmnilf eemont (1924), tb^ 
first higlM*ariy-i<tri^tigth A rneiican-made portland eemi-nt was marketed in 1927 and 
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fk Kptmitu AtiTM for High Esuly x^tn.‘HKtb Portlinid Ceniciit botarrm runrot 

In 1930 jifl C74-30T- tlip Hoover Dnin stinaiiltEi for lom-red heat of hydrution 

in mftiSKive winerete stnirtun-st, a low-heat p(>rtlifcnd cemeDt wa* de\vlci|x*d Rlnrn^l 
myltiuiLHitifitly tuid prodn^^ liticfccr a C A Bureau gf Kt^ckmaticm governnieiit np^^rifiair 
tion. Stfriouft deti^rioTAlioli of TOiimrti? untk^r esiXMiiie to alkaJi mih and aetive wRteni 
errated dortumJA for still lUiotlM^r spi.^t&l iyjic o^ portUod comenf, a nulfati-^r^^iting 
reinent^ 

Curtfrnt Pomand CoRients. Those vanisl demande lod lo ihe developtiiral nlxtut 
JWO isf A£iTM Cl SO n?ccigni?ifcift fiv^? rlwtinrt typw of portland eement (Tahlea 1 lo 3 
Hnd Fj^. 1 and 2). Thifs Ktaiujairl replactd the two ASTM ^tandaidA 09 and CT4. 





FlO. 1. Rolntire «oin pewit ions of fepF6MntBlli%%' eaJduiu pemontinB matcdila oxRtiisive of 
Kj'pxum product*. FUsttod miiinly from dato of Krfr I STatEe 3-3, |>- 32J, 

Sinco IfrIO Portland crtotnl devukiptnL-nts tiavr liw-tn rapid, and al pn^nt (Jft58) 
thin.' an* four separate AfeTM j^pircificat lOTi^ for portland cement. The ^ipecLSeatioii 
n^quirenaFtita aitd rOMpound oampositlonH r<nrrr‘*|ponding to thm* of these standards 
tCJSO, CI73, and C205) aitf compared in Table? 2. The' fourth [ASTM C3^0^) was 
ifmied in ISSt uiid L? iliacuased Linder '^lllL'Enisi and ^hstitatioiis,'* 

Portland Ci?nietil i AMTM ClSOliS 

Ty^' I For iii» in geuora] cooerete cotiFlnictioB when the sjieeial propertied 
ffpiidtiL^ for Typi!!ii H J Ik 1V. anil V ar^' not requiivd. 

Type II Fipr use in ip^neral eonerele cujutruelion exjuascd l« tiiudi'>mte sulfate 
action or whi^n' a somewimt lower iu-at of hydraliun b requitiMJ, 

Type 111 For uee when Iduh early ftrength u TTfttiitvdL 
Type IV ^ For Use when a low heat of hydration b retiuired. 

Type V t For uac wkifti hlifli sulfate resistance b required. 

1 Ndttuff T™ ty nw T^fw V h ST^Iarfy wwrkd b mta^k and, pHcrf Uj flitliw rif iti w 

avuUliLli^ Ih 
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CEMESrr AND CONCRETE 


Table ArpS^oXfMATK AvKiLifiii Valiev Fun aw mK C-i^hext axb roB 

RfitiAitvj^ ConvMJ^ive STBiLXfrmH of tjie CosicrEETi; aa ArnLc-Ttu Ht Ttpb t>r Post- 

laxb Cehestt < 


Type of portlond e-pmi-rtit (.\STM ClSOi 

1 

Normiil 

II 

[[1 

Hinh 

Mtrly 

IV 

Law 

hent 

V 

Stjifate 

trfiiatiikg 

Finpnesa fWagiipr tiirfndJEiMJlPr^xq 
Finetic^ (pcrwnl ptis^ippE 3l2S'nn:i3n} ... 

1.7ID 


a,T30 

1.^ 


mr 

111.7 

00.5 

^13-1 

^3.2 

Relative Htri-iigth of ttoiicretB Sjjerrcirt) 






S^iov^ V.. ....... 

100 

SO 

loO 

50 

05 

Rnlativn Htnoi^li of ooiicmi^ KfAfn^iat) 






25S—lLu J * h ■! * -WT ■ I « - - ■• - r--l--l> + -r*-*-n-i»‘-i - - 

100 

sa 

150 

05 

65 

RflnllVi? Rt.n'imtii or conrroti* fp^sTEtmt) 






^month^, * ..... 

loa 

IDO 

115 1 


65 


^ |LjEi!Efljl«d Irtrtki TutilBi 2 Alid 3l Pifl'tfd'tiJ £?nfurLr Abup, JTuiL JOtb eNti, Far rannkfiaEion liknJtii- 

of fin?iLMai Htid I^E rrqqKbwd: nilniJDiini itmu^ %i| rtjQT%m¥i C-U^TM ClOli mud CllMJj 2; lirw Ifl-tS 

■nd 27-33-, emnLpqmtd ul ijw eiacmnEa Tpd?l« X lui^l- 


(JOt O^A^^Oj f^lCaO-AijOj - U^'har{:^frjfiaijfKk 


C^A Cj AP^j^fhor-cafi^^ca^fpi/^ 



ViQ. 2. AVdriilte eomptwiTmn for vach al ihs fiw ^tirront type* of portionJ WEt^rlit (_— - 

opcdfinl litEiSliniE omount* o* |wr ASTM ClMI-lTV. Typ^f^i rtirin>titj for fVA atid CWK per 
Ref. 1, p. 3^1 TAbIt 2.4, (A more (!cmpJete ItMtinR of lypiml ncikniinl* of tlw eo^-ereJ fOP- 
nlHiOfinlA AjKpeAr* t& Ihim 34 to 4(1 pF TehR^ 


Tine--- -.. 

1 

n 

111 

IV 

V 

CiA, percent .f, 

11 

5 

11 

4 

4 

CiAf .■1...I ..-p-.. •-*■< ■ ■l-ePfi.rf.F+Tri 

s 

13 

P 

12 

D 

CiA + CtAF, ............ 

\f Ai-aTTmni pef iiiLinible per .\i3TXl diUJ-56i 

IP 

IS 

20 

IP 

13 

CiA. percent ^ , . . 

No limit 

S 

15 

1 

5 

C.AF... 


No 1 Imltfl 
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Atr-c^ntraiiuiiK Portliiiid ComL^at (A!^M Cl75)^ 

Typi^ I A, IJA, ainl lirA 4^rrL^fcipc£L[J to Types 1^ IT, and ITf oF ClSfl exwpt for 

iho taf sin interground lining addition tJsee '^Air 

Entr&inrqjntiC'), 

Piwlliuict Blft^t-funiJice f^lag Wf L^A (air-^rntniinod) (Ai^TM C2GS). 

Pos-ttand^Pci^Fcilan Cemf'nl JP, nod IP-A (nir-^-'iilriuncdS (AjSTM CS40). 

SlsLg Ctabii^nl S sind SA (air-cnlmim'd) fAj^TM 

GnEiiFnilly uji^d n* ^ himd with portlpiiad in nmking (Niumte or ai? a hhfnii 

with hydniled limp in mtiking mniiniiry^ rniirinr. 

hlruds find SuluififutiOMit. Eumptiah PSp^riunPL" long hind lildicatcd p(.i«?iibk PccOnpTiii^ 
with iittlif j^erifirti nf atn^nKtb frujii ppj-tiiiJ ruplawmmt# of porltwid hy Einaly 

iiktcrgrcsimd or othorwl-^p intormiw^ ^uitciblp ptimihiiiic nuttpritUp, Tbi^m' rnighl octtir 
naturalKy, or m by-prtx|LiotB. App^uvnily thv free liim: in oiiwnt eumbiiiiii' with 
the ptiK^obiii to {^snEribkitf^ a compiL^iis^Atory raimenting ivetlon with RrHjd workabliity 
and liltk; i,?volucion nf hpHt, 

On the ha^ of fiLvorablo itidicntloft^ from p;irtinl ru'pbri^niJMitP of c^ildnyd opailuE^ 
phfliu in piiioi iit the prpjsc’iiMo Bay bridge tl9iS2-lKi5) Jind iJuppSeiiu'^iitary expen- 
mentation^ ^1 ptssfLnnd oument with ti 25 poFwnt mtll-prodMjiTd pi> 2 eob&idj? re- 

piaremetki V!-&» l■vulvLHJ for tlw Boncievilk- l>am [ItHJS iW37). Snbs't'qutJitly it weut 

fiinbt'r libteFj^^^riMi tlml, adclitiufod lo low' h^wt, giLMjd pl»euBifnl quality,, tmd ptKti^iblE' 

erononiii^, a-rtaJii poziolariii' replift’mtntj would gn'otly rx-duto the poti^iiiiliiy of ad' 
ikTstw* neEnent-aggrx-gate miclUTity. Thirsi* iltM^iVi^ri** k'd lo the proinpt adoption of 
repJzieedW'nt portlarid-pozcoliinir renient for othtsf Ifwjof fitmcturi^B ftfl Fiiant Dam, 
19^45 (luring a 25 pcmnl ttp!a«*-rflunt of a imtiiml pumirito with Type* IV eemuitl), 
and Hungry Dom- Dam. atKiut 1950 (nniiiga 35 pL'twiit nrplacemetit of Type 11 cvtiiL^nt 
with Chiragii dv a»h. Fly sb'h b line Hou duat, a combustwm wji;sto product of tho |iow^ 
dered cod, tiiieri in the ijeneration of steam power). 

Ai<rM C3J(h55T uwIIh for a rliidter corit^i^ponding to Typx- I or Typi^ II ^Typt^ I if 
tuispi^pifid by thi- purchapfr). The tpLcifieJ Feplnci'meui ningep lietween J5 and 50 
pt^rcoot by woighl of the p4>rltand-poiiolan rement. The eeniEnt may b** cither non- 
sdr-ontndnd IP nr IfP or jiijH.'nlrairik'd IP-A nr I IP-A. 

Nblund poz^oliiiiF includi' rerfain typr.snf clayri. upallni' slLak'^, il]atoinact>i]UjiF oartlia, 
rherts. volcanic tulYs. iiiid pumicitee- Artificial pozzolan? include fly ash, stlica funw, 
powdert'd hHek. burnt oil shales and certain To bc^iiw arth'c some pozzolatLii 

rw^uire calcinaTion u< ^1* to 2000'’!'^ Mwt of them rwtuiro RrindihE- Whefher plant 
ctf jnh pnoccKUHl, an intimate uniform Isleiid U i^ssentiaJ. Poizukns xnry Eri^dy in lhi?ir 
EiuiluliLiEly, not aLI IThi pertinent difforontu^ being understood. 

f^t^enum ponljiml-poizoknie eomhinatious supply: impn^ved wwkability. low heal 
uf liydrafintk with attendaTkt rwluL-liob in therikUil dislorfirinfl am! incrfajBefJ 

reaifllanoe to Jfulfate soHs^ rt^lud'd adven*e alkali rvarlivity, aULi in mcMt caws, rtsluccil 
cuijtH. With Typt^ II clinker CiJJO appenrH desiinE'^i lo snipplimt Type it cement. 
W’ilh suflieiciitly high n'-nu^nt factors, G340 with Typt^ II appears^ also to bt? a gnod 
^bslitute for Ty|io V. 

The portlaikd^pOEZolan oeuaents uf AHTM 0840 should not Iw confused with tike 
port land hlast-furnajce slag cemenT^ uf ^^TM C3!35 or with the stag cements of jiVSTM 

iSevGfal other ci^nuiuta fur which llw^n^ is m pusscut D^’^gnatiou fall or may 

fall within the portland ci-iueul hmuket: 
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C KM EXT AND l^t>\TUETE 


TTAtte Pcirt^ffFui trmtnl. White p&rtlMid ecmi^nt u of {^ilften^uJly Mn‘ com- 

posiitkui us otbor purtlmui ih\il more ^imly ground), bobg nuuk from punt 

cftJdte liiiM'staiij>ji mud white cla^^ whl-eK exist in i}ftdtcrTL PenneyI ymiIa tind in Franco, 
WTiitp romrse aK^'Knle lUid white fiunrtz SAJide dmUar to the "standard of 

Ottawa, 111., mmy be user! with white eemenl for obtaining ronoreu** and Diiirloiii 
of jiummum whiteni.iis. The colors of cements and tbeir eoncrete* an? due nmlnly lo 
imn itnpurilles imd are usually negligible in their effect on the phyMoal properties 
oi ib? eancietc^ In the manufacture of white port Land eemant ei^en the fuel must 
be flee of dliteoloruig oxldm. White mortars and concreteti are used mainly in deci> 
tatitT? work Of for such other appheationa as eentcr lines and refleeting eurbe. The 
cost is more than mice that of the ncgular Portland cenM?nLs. 

Lou=^frttft Porliand C^ttienL Portlainf cements low in alkali an? now spodded when- 
tviu^ a question exiEii^ legardJng powible alkali reactance of aggregate (mh? ^^Defeclive 
and Reactive Aggregntis"). The U.?^- Bureau oi ReckmiLtion Btipulatea that the 
NatO equivalent of the KattI plus K 1 ^f> be bebw a value now aet at aliout 0.6 pereent. 
Somf commendiil cementu regularly meet this requirement; otliDHf would not qualify 
without maimfactofinK pnerautioTw. 

Porilfijul Ccmcnljp. JcFh-proeessed Portland neUiedta are jpuinetina?m OJed. 
IJuring the perwaJ from 11^12 tu 1016 ihu U..S. Reclamatjon tk?fviw (now the U-S?- Biirvau 
of Kceiamatioti) Lntorgroutid about f?qumJ volumes of porlknd cement with silica sand, 
primarily as a measure uf economy, t^ueh wiinJ-rcmcnJ Was cmploy^fd for the then 
large AjTOwroek and Elephant Butte Dams. The relatively low wmii'iit ractiir hod 
an advantage in reducing the hf.-ut of hydration geEieraN?d fuot tbm pTHrognized m 
one of the major prr»blems of ntosa coeiemte, however). The mnu'- device was sgb^*- 
queoilly considend for cotu'noialy n-duciiig the heat of hydmEioti for flooyfr ^ Boulder) 
Dam but was not adopted nuiinly bicau-n? of Ihf surf ace nuodumbitUy ejchlbited by 
the earlier Band-ci-ment struct urns. 

Tujft tftneni funned by intorigniiding about in^iuid parta ijf volcanic tufa rock with 
prkTiland cemcint wm uiied in thi* cartRlniclien of tlu^ Angi Ics Aqueduct about 
lOOS-l^lOr The tufa conljuned fiS to 70 perixiiit edhea and 10 lo lb percent alumina, 
with Mime uf the silica soluble. In nurtbi m Europt^ tnuv ^Tabk 1) hits fjcen U 3 vd in a 
momurr similar to tufa, pr^^lucing a crineut elaimiixl to ufftr high n^tance to wa-water 
attack by virtue of nirntraliration of tlh^ linip in I In- d’cu'ot by tJa* «Ti!icii'rich 

Wain-proof Parfland Watorproof port land cementfl Jm* nmrketi?il under 

varioLe^ brand naira'H (rtw* '^Al^mExtLI^ep''J. Ifi Rimeral , no form of iutejEJoJ waterproofing 
Ijoyond ngular purtlaciil cemi Jit is wfvna^- to pro*Juce a walorprcmf eonrrete if thc 
aggregates ore properly graded ai«i profKirlioned and rnicking in not present, 

Pl^iJdfTtUQ 0 *id iSfltiTM PtiTlisrKi PJjkflti'-riij.g and St-Mcco poitland cemenES 

ore jtpccifie^l under Amerii^ btamlards ABSociatlon dcslgnattons ASA 42.2 luid 42.3. 

Tbrvie fftandonlH are iaiucd as H?par]iEi- rvpriiLtH. There are no current (Idi^Tl ASTM 
De?<EgTudinnfl Kivi'ring thm‘ Portland ceuu-ntp. 

MoMlirifp CeetenI; T^iria; MuAonry cement lASTM C9l> arnl 

ibermoJ mfulatihg cvineJit (^IKTM CJ&f, Cl&5, ClIMa, and ClB^) may or may not hum? 
Portland ormi’nt as tiu! biuiiing materiiiL Ciim'^ifcl maaonry c^'ments usuallv include 
intL'no'ound luui^one or hydratml llnie oa a plaj^ieixi.-r, g.y|isum setting time n^go^ 
lation^ and air entrainment for hnlh plasE-icity ani/l water rtu^'niiviinesi*. Thi' litiic 
diriuld be kiw in magnt^^ia io avoid the pop-out type of tlif^euity from delayed rewpotow 
to mixing. 

Oii-Ufli CrmiTdM. Such op4^mtlH>iis aa the drUEing and fie'-aling of <iil and gaS welU 
to depths aEtoining 8,000 ft or more create many diflicuEl-tn-fncet situations. Pret^sun'S 
up tfl l8^O0E> pwi and tcmpciiratiijea os high as 400"^F are encountered, and lament mixtun's 
may need to n-smain fluid for as muph as 4 hr, t.lvm harden rapidly, formal portlainJ 


POitTLANI} OEMEN’T 
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hTv modififxJ octonlme to tin; lutyn: lha Action r?!quircd, Skiw 

sol id pmmou-d by drairtk nMiiicLioii id tbi.- triaaldum uluminule (aJmcHt {a wtii) fmd 
ruriirdurB used nuiy Ih' «tjircln‘3 or PcliuJo*? produet^^ fiugiars, and arid® c»r « 3 Jtd uf sirklH. 
iMALftHfild Bifly idin be inlroduc^Hd to wmter kigsi^ in the plLjrry^iiiid t<h iucn-fliti^ 

the chundty. OU-well wnw'tHJi im; HpeeinJiii'd and of uoiwlersblt? importsHM?. Stw 
Um "AdtobcluM—Groutiog A genii*." 

Expajuiin^ Ctnmtit. Smae about 11340 e^p&ndiag eemeiils hnva bwn umsl to eome 
extent to offswt uT iiiore than compensate for liormid /hrlnkage. An e^piindin^ cemLiOt 
I ;3 martar apprtsiiniktdy 0.1 in. in tbickn™ hnn been ckimLMJ to impart lesJrproofDedd 
to gfljMrline ami water storage tanks. These ccnieJiid are mainly a foreign dcyelopUK^ol 
and because of prediction and eoiilrol di^rruUios some of their alleged usefulnesi w 
mbjeet to questinup 

HBrit wb ti'seitrchera fsee renmI f 4jird roiM’^ri^rtioFiof E 
August, 19S3. p. 2&S) mdieate the potsibUity of ftabfgiiiiriaing cement agaiiist tlw hazards 
of dninpmise In storage by intergrusding with Lhe clinker less than I pt^m-nt of uWie 
acid. The chemicnl not only funeikms as a grinding aid and an air'^nlnusi raent additioti 
in some degitw but coala the ct^ment grains giting tlarm water i\'pi4h!iwy ibat wjU 
enable them to float on water fa|- w'eeks. It protifcusl from detenoration indeliniUity 
a ^J‘in. layer of cemeot exposni to PO pt^fft-nt humidiiyi The ooncrcte-mising op<>rat euo 
appanjntiv Hcmbs off the auifarv eyating and the set and mrength of the coori^U; are 
not afTeeted- The tiHlish have eiperimenlcd with other efciLimirah^ and the Riissianri 
have reported prngitaw along similar lines. Ilydrophobtc cements ar^ still in the de¬ 
velopmental fltage. 

Atiiibaficriif Vfrn^it^. Uw of an iotergrDund bacIcricidL^ to safeguard alonjd mattiriala 
{m D. Leviowita, Food Enffin^rriniS. vol 24. p. ft. ditdrL% MJai i appeara lo be a queilbo- 
able expedient. Pimding conviiinng evidence to tbe^ contrary^ bqlb the aeeeajpibiJity 
nf enough of the baetcjriride atid its stability or retention of effcetlwilees would aeetn 
improbabiu. 

Compoundfi in Hardanad Portland Cemenl; Companaoiia. Thv four prineijMl 
ctmipoimds prew-iit in harth^ned (xjrtland cetucnl srv.: 


Abbrevhmiop or formula 


Compand 

1 • 1 

2 

2 

4 

TiiraEiriunj silicate, +. 

Dirtkleium ,iili«*ate.... 

Tricaleium aluminatc.. - 

TetriLenldum aturaimferrite. 

cv^ 

('jA 

r*At' 

2i:s 

3C'A 

4C^VF 

1, 

2C»0-Si0a 
aCTuOAlA 
^C’iiO'AljOi HViOi 

Caj^iUi 

Ca^aiOi 

CajAM)* 

CaiA3;Fi^>ifl 


■ Tlwi miMy M«#a RbfcrrtrUitJotii of wJbtiihi I cwi tw euefuied wlUt rh^m] faFimulte. uid Wlu (ki4. a, 

p, 1U31 tlioDr «r ^umiL 2 hm |rfTf<T»tj|p. 


Fnjixi TabEc 2 (liiiua 43 to 45} it ij? ubpen-etl that C>S and CS constitute together 
about 70 to SO pr>rcnnt of the eement. They contribute mirtt nf the th^pinible streugth- 
giving cJiaraclcfiatics. TIm? roiir pnndpal t^mpounds nrcuunt for more than 00 per- 
wnt of llie dvimuxt, with nvendl vatucs among tlu? live IsMie types differing but slightly. 
Aithougii the Ci.\ dot** ndd lo the carEy jrtn iigth of portland ccnieiu it is the kM 
ihisimhle of the major coropeuiidfl; it cotilributeji niuirt to beat of hydtatiuJi aiid volumt- 
'^lllkllJn.^ From the mmitifarluring slandpoint its cliniitiation would be ecwtlVp hut 
(from hiie 37, Table 2} it k npiMrent thru tb' C^A i* kept low in Typ's II, IV, and V, 
The (Une 3«) gaina strength slowly but i« low in tia contribuHoti to heal ami vo1mn«^ 
changi» nJso Fi^- 22, 23. nnd 24). 
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From thp forc^ptiiag and Fig^, 2 and TabUj 2 il le rU^mr that Type 11 1 iliijsli cafty ritmigth) 
and Type IV (Icrft- tu-iS i repivsenl ihD iwn from atfttiii|ioiiitji of rale cil 

luirdcinini^p hu^t of hydratlnn, nnd voUim.' rkaFii^e, 

Tbc hi^h iiurSy i$lien£th of Ty|ji* til ct^ifiient ilena^ from ihix-e nuurcctfi thi- higher 
CaO fpr UniK j Mmcent^ being hiKh in lioth and CiA {it. i'^ ealtf’d a hijfli-Siini' 
hiwp as and 37, Table 2; tbr hiRhi^r CjA iM^nuitriHJ, 11 fa limit of pereptiL 
g, 7, ami B percent for TyiH-p 11, IV, ajiii V.i ; and xhw fim-r ErinilinR * WbL-n-oH. uutiirEiuni 
finj(f:ii™e?5 ail! «pt*dficd for Typtw I, II, IV. and neither a imwinsttm nor a minimum 
fiiteneM! \b slipulaied for Typt^ IlL To nit^T. the added early at™Rth fr^iLiirefiientH 
riiMre^itair# finer grinding than fur any of thr other four ceraentn ifiiar Tabln 31. fk^nmsf 
□r ^tuJitiR and I he U-ndeticy of on overly fine eena^nt tu hurJeii in itortvge. lb? 
mtuiufaclUirer U not likely Id ovorgrind Iseyond a anfe minimijm for wiciiring iht Plrunifth 
niriuirt'cL 

The htglinr pulfah^ ri^jrbtaiice for Typc'^ 11 and V w arromplbKi'd truainly by holLlfiiR 
down the GiA; the low heat Roneration for Type I\' by limit ini; l^oth the CjA nod lbL+ 
CaiS, the reduced latf^ of tftrtriigth increase not lieing a-riouH for the nuisstve eoncn.^te 
atruetureii for which Type IV eement wa? evolvit^i. 

The air-entraJniiig eemeuU! of Ah^T.M Cl75 eiuTEintiy iarlqdu only Type* It 
HI of Cl5D, Hmoe ihi^ benefits (if sir entrainmi-nt liLddEd liurahiliiy agtunyl fro?t nction 
and aeMve -•‘alts tised in mnw removal, sercmriarily better workability and gri.‘at* r 
freedom rmm jaT^ri'^lion t are of miDor crmeeni in the typc.-ff of tdruelurc atid espoKima 
for wliicli Tvpe IV and often Ty'p(‘ V wi'n.' vL-d. Pturl iauii lulaal-furtLaee iftlag peKR^nlJ 
are etirtently important thciii the otlier portlarid ct::tiii^tktii. 

Acceptance Tests- Acwptancre tentw for rumi’m-? hi^ve Ln recent yoiua undergone 
eOrtKiderahlo ehariige- For thetnud tnaulutitLg; and tnaeonry roiuentii the ttn' wholly' 
phyEfiftd. \ rt^ment 4}f virtually atay eomposition i port land or other) that will mot-i 
the elipuLaU'd requirfinieTitR of mr], or fliniiilatcHl ijuv*, Lk ^alivfactory,, atai a wide v^anety 
of typi'H or combi nation-^ may (fcuidify. For the purTlELnil cemi'niH fhi+ aceeptanw 
nK|.uitviuenta are rbemtcal and phymcal) rather thim futirtiucml. Mot^l ^»ortltiiid ctMonut 
b UM.d Lei cnncrole rather than in neat paetea or tnoriafa; the tt^ta camnet ta^ly bo 
linked diffictly to thu Bervice eondltiorij^ iboy tuv Eo coniroL soumi^ 

am, Umii of ^lin^ (initial and fimil/f and varloiut are the primary^ onci^ 

for tbo wnumtj of Cl50, C2fi5^ arul C3K1, whervaj^ the jMTcvafdjfr of fltr rfifroincd ban 
mhliHl n.Hiuin;nient for thtf alrH^ntraininR o^iuivaLi'nti', Heferi^iire to original ASTM 
i>r oqiiivalent eMirecfl is inTtwyiry' nnt only for the conduct of a temt but to rheck on 
ehangod and/or detiuled nftiuin'niE'ntH. 

MaleruiB and Mannfactuie. P^krttand ci^tni^tkl b inaffufai'tiircd by either the (rrf or 
ibf dr if proci'Ks^ the dry pructaii bi-ing the om adapted to the niatcTiala most generally 
uvtultthb and ccunnaonly useil in thb eounEry. Tiii> calnvr^ujjs material in the dry 
prnca’fis b usually iitne^tone and in ibo wet pKas.^ra nuirl. Iwing eliielly ealeiiim enr- 
Umaie tCaCUil in t'ithi^r ca-R?, Tlni‘ Material eontriliutiEig riticii \l^iOtl 

and alumina (AMhi) for eithkT prikccifw may Im* s^hale, clay, ixMu'Ul rock {argillaeiJOUJ> 
lilttji'StOIie h blast4uJ1iacf^ sSaig (liastc). 

The dry process etnlKwliea ihi" fit1 lowing opcratirmfi" i l ) pridiminary' grinriiDg of 
dry raw materinl^ sejwtrately, l2) pfoportiouEng, iS) pulverising thi* prapedy proper- 
liomd mixturL% [4} burning to iElCipienl fustotk formirkg thu' clinkiT, [5} cooling and 
M^aaonirkg the clinker, (fi) oililiEion of gy|>BLkm (ftklcirumj or uncalritkCtd) for twntrni of 
fate of Matting, (7> Rrinilmg Ijf till* clinker lo a filkc perwder Lbal Imtj+Ji the finenes# 
rcquiremxmtB for the rumunt. aa(i i^’i vtomgt? in bina for iseiidEitijng prior to package 

i al erindthK iFi*. 25l mAAm In co*t hu|t incr^*^ iJkt «te nt uEin Lftnci ftls^ rate 

tiMl lenefadoik). It uicmMm tM itnur ^trenaUk* anil hm RE^ouniMl quiy ilijIiiV^ 
rIEdkrr jjnaluifffr iOwlgcrr M^aitiil. bul llbr hard hqmuLiE ruiiialrr^ kEF^ttr (■iatt4>' for brjlJi lili&E 01)4 

■rkniikoi. 
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or bulk :»hipinont. Wbiw thw taJinniuiiH mttli-'risJ wnura (w nuwl. tbu (ifoccAi Li 
ctmununly tjmpliiywl; (ll tht- iwu-t is stoned in vjits am a ihin mud nr aluiTy; (2> tlit! 
rkv or othi-r itr|iilliicifOus mstiTid is hiduoi:^! to a fino powriier; ^3) ibu Ingredicntji 
are’ proiHirtiom-tJ; and U) the ingnHlionls are miswi iLrouBh w pujs mill, afttr which the 
Immiiilt, eoolini!, wnij s.‘jwt(iun*, addition of ftypnjm to contmt sul, film] ufinJiDg, aiui 
slorajii' arr pmrritNl out an in t(iK' dry process. 

Thu vcrliral nr rtack kilns uani in irarts of Euror* haw bci-n n‘|iiuml in the United 
StaU.'a by aliijhf ly slnpicK rotjiry kfiua UXl to 500 ft lulut and 8 lo J5 ft in duuiicter. Tlw 
dry jiow'iier nr thin flurry is fej unifornfiy into the upper end of the kiln into which 
is’alsu fed powdered roal. fm^ oil, or gas. Air trlasls bring the lemperaturc at the 
lower end of the tiin to HOO* to ISOO'C {3550’ to 373tUFj. As the eharge moves 
jilowlv down the kiil^ thert i» first drying, then loos of orgHnic mat ter. followi't! by the 
variou.-' ebemind reactions so emential to ttu- proper cornpouml conipusitioo. .kisjut 
une^third of the imtial w*‘ight of the chargi' is volatilised and 30 to 30 percent of ihi- 
1 ,1 iiM is conwrttal to luiiiid in tlw course of clinker formation. I'liderbumed cILnVer 
will probably pniducc utisouiid Mment of Indow normJil strength tiecauR' of unoom- 
bined lime. Orerburning midf to ewt of fuel and grinding without jufliifiahle gain. 

Storage »nd Marketing, .Vfiif .^teropr. The newly ground cement is stored at the 
mill in bins or filus. For large work tk' purchaser's mprewintAtirc sampk's and lesu 
the cemont at the mill, and ^alid h]ns arc atlo«iU-d li> ik' particular Jnij. Dry ceimmt 
hcbav« much as a fluid and imreasinKly if ‘pumpi'd ' from bin i™- or truck for bulk 
shipnip'nt. Siwdiirr tiunitrithes are sacki d in either cloth or pap<T hai?H of f cu ft nominal 
volume. The acLual filiing if Ity wrighi, at IH lb per j»ek. BarreLf cf 4 cu ft (4 sacks) 
lire no longn'r tuied douK'aiically eiccpl as a term oquivalmt to 4 Gacks of cemunt. The 
specific grnTi(y of Portland cenu nl ties Iwtwr'en 3.10 and 3.20, giving a solid weight 
of alxjut iSW.fi lb |»‘r cu ft, indicating lha! a comti^et hulk cubic fixrt of cenh'nt a.s 
oackod i 3 about half air void.'. Loose as pumpetl m scoopi'd lightly into a cuiUmner, 
the t>ulk weight pi'r cubic foot is conddL'rably Ih^Iou lliat of riacked ctmiccta. The 
fluffier it the- naufi’ fluid is it* tw'iionv 

or Job Starugr. Dry sioragc is of utmost iiuponanrc (eot "Hydrophobic 
Cement" J. Temporary slomee struct urea should be watbertight; if pcemiblc. maisture^ 
tight, Cenjcnt should never f»c stored agiuiu=l an exterior wall or within capilliiry cci> 
laet with the ground. Ccivering willi tarptmlins shouliJ Kw without direct contact if 
ih.‘ larpaulimi mu liktily to becoiuo wet; they should be wuighud to prevent disturhancu 
bv wind. Tlie finer the cemi nt is Rround, iIh' more re.-iponfivu it 'ts to nmistuiu. fligh- 
early^timnifth or other fiia-grouml cument if likely to be spircially susceptible to Jumping 
and other delerioraiiou under stcitage conrlitioiM. Hanfemtl iunip? should not be u«d, 
either aa lumps or after recrushing. 

PORTLATfD-CEMENT COHCEETE 

History ind IntroduBtion. Thi> rapid continuous exfianfioii of porthuul-cemcnt 
eonercti' irt volume urn I variL-ty of atiaptation* simw I MO has been augmcnti'd by 
such important otwriappirg developmi nts asr til recogiiilion of the inluTum ailvanlagi^i 
i>f reinforced eonente ami the development of appwpriato dcsiim anrl cutiflfuction 
Uehninuiai for its ufu', (3) the coming of tlw autnmobife with its accumpanyuig demafidj! 
forr ptkvi'd highways, ami i3) (iic cm of large damr and appurtcnimt etruetun.)!, 

Thi' lift) of reinfuretimcfit in roticrcte dates from itlioiit 1850, 35 jvars after Asptlin e 
initial patent of p.rtland cemi nl, In 15,15 Umbol. a Frenchman, took out an English 
r*t.‘Tit on a small n.inforc 4 Hl eonensU! boat aluiut the smne lime a» Coignet mlso French) 
took nut English patents on apphentiom* of reinforced eoticrefe to slmciunjil units. 
Thaddsus Uvatl, an Auwrinin, dewrili.'d as ‘a lawyer l^y edumtinii hut an inventor 
by uatum" published iu i^miJoti in IST7 a tnatise cm Iwmi Is tween dtuierete and attail, 
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Aa ni?eiil]y 00 1900, txwpt for mtrm proaptisd iu Hju jL'diHD And of m:;liifoiM?ed 
coiitrtti: Arches^ n'iiiforetd, tonc'rp'tc iiN^i nljirueirl and Alnio^ not idl aL in llie 

Uniud U wild with ihi^ (‘Stonidvo t-Ejwrinn’iiitJsJ work of T&lbtd riusKdy followed 

iiy tiuLEiv contcmpoirary iD.v''e6ii|!3ittotB bih] di^ipk^ ibitt the ipcrticulw miaLaiiki'd ad- 
vAiic« in the \m of eoncrcto under w'ay, Ti'cLniqut^is continue to Improve and 
ApiilioAtiorLF to Tunitiiply. 

The rwognuod need for n uf practiee for both plaiji and reinlorcwl ct>ncrete 

to the oritimLuitbn m 39tt4 of tbe Finrt Joint Comniiiiee on s5pedfir4M;bn3 fur Con- 
eette and Eeiuioreed Concretu. lla final report, piildbbi'Hi ia Iblitj Ullef, 13> 2^*1 the 
pattern for eooerete pmetice thruughout tbe Umted StaUf^ and mneh of the world. 
Id due ■ctnim's bolh a second mu! a third Joint eummitut were tlk:tr baal 

npori^ beiiin iseued in 1924 Cllef. H) and mCl {RvL IS) reepoctively, liiiween 1920 
niui 1940, European eountriL-B, notid^ly EEiKland und Germany, published nmniiaU of 
practice coiuparable to our jmjit cummittee n-poflt'. The American Ccnicretv InEthute 
<AC!) watf or^ni^Kl in 1905 fas Ebc Nallotad AAKwiation of Ojoient UiwmJ and hag 
afisniELL-d leaderphjp in the fkld, aJthcnJith it funttions in cl<>5e ctwiperaiiiiri with other 
inLen‘#tcd or^piniiatiorur. The Amerirau ikiciety for Testing Matennb ljkr?TMj in 
partieuLar^ throufiji itjf; arlive Committee# Gl on O^ment ami €9 on Conerele and 
Concrete Aggni*Katea ii rontinunjly making impfjrlant (KmLrihtitidnd by Its puyiE^hed 
rcacarrhe* and ita titiindarduing netivitics.* 

A? legardfl porllarul c^iment products there is no didinito lino of cleaviige belwetm 
ihe pobUcalion scopt! of ASTxM and ol ACl, but in tb-ir HtaftLlmdiKiug aedvitiiis Ai^TM 
eovem material ami le^ta and ACl ruvem ptoducls. Thu^ ibe slimdardEi and recom- 
meruJiNl practices uf ACl relate to met i^ubjecu aa building regulatiooB, design of mix- 
turi^Ec, eoncrete pa^'ement# and liases, oast 0 tone, precast floi^r unila, farm filus, detailing, 
winter c€in^3reting methods^ bond, mid curing. 

The Amt^riemi t^liTTHlnnifl ABauciatioD (A8A) approv'c^ and publisbee standeuiiB, 
many of which have been oiiginated by cuch art orgjuMzation *u? AKTM. Tike .American 
Railway Engineering Afi^iation ^.AREAJ and American .AsKHriation of State Highway 
OfEdfdn rAAHHOl *?volvu and pubtEsh aLandards applicable vriihin tlwdr respect i\^' 
hcldli of speCialiahE ion. 

SuppknujQting the W'orfc of the ACf and A&TAl and the uthera numLjonwi sov tlte 
n.*#earch activities uf such govLimment labnraEuriei^ tL» those ui the Natii^naJ Bun.'au 
of StandaidSr Rkimau of Pdblie Hoadj, Bureau of R^'cloJuAtion, and the Army EngiuL'ers. 
The laboratoKca of fitaie iughway departments and leading educational inj^titutious 
have contributed much. The Engineering Foundation and the Highway ReH^aicb Board 
of the NaiifMiJd Ei.4*emch Council have apouauruil impfjrtanl research proioeLe and 
jmblbiht^i extenrividy^ The Portliini! Conkont Ajwt^ciaticiuH one of the earlk^tsl and most 
fruitful of the girat trade as-wiatiom^^ has since lUlh* mode nuunj' research contributions 
through its central latmmtary a( Chicago and itf^ tonslrnctive ffporioorship of cooperarlvc 
reocarch with KoVTrnmeni and itrofeBdional agencie#. Cun tributioiw f rum other countries 
havE^ largely been by srUmtbiia uperaticig under govemnieut au^pice^. Sre list of aelerknl 
ftf^^rertces covering ihi^se and Cither recogEiired sourct's for roadily available concrete 
inTurtuatlon- 

From ibi^ alandpolnt of auital:siJit.y an*! coat, concitite is withoui impoiiaut 
comta^titkpu fmm Jiteclt limber, and oiluir structural nuderiats Tor nuch rLinsi.nnition IL^ 
lligh dams, heavyHluty pavunkcuts, ait stripa, curbs, KidewaltH, reMer^oins luai oulduur 
0 wunmiiog pools, uiicU^rgroutid slurage tatiks, abutmeufa, pierv and rL-taiiiing waib, 
tunnel and canal lininga, drj' docka. harbor workH, and many military LEisiallatiiuift. 

I In like mfcEinrr. ,4?cr.Sl CofttoLtl-^ C2 vm E.eO'C'kLcLriit# C<'!nwrtlt^ GlT qei Luur. Cl I 

Gjwoil, CILI cm i-ar bitlf Muonn- USJ m CHanrrr^ Pipe. C]5 un MiTiufacmFrai Mwionr>' 

PtuUk, Cii* nti AnitKiiiifia-ceFiiiiiiT *a4 -LH £m Rpik4 nad FAvink ^ItieriMla m roatfCbdEiaa to ether 

fli tlifl BrkL 
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portland-cemekt concrete 

Fnr niuc'b tfthirr Hjnftniriion portlanJ cciiH?ht productf? both ffuppltuM'nlajy *wd 
competitive, m Tor Duedium hnsht aod low iJpJitB (in coroptitition with fiartli And ropJe 
hll); buililiTii^ of low and medium heiuht (up to About twenty atori.-i;if}“ Hjrpkiii- lmn|^; 
moderate-duty hiijhwa.vf and city paveiTHmtii; foLuuklionri amJ Rfcoimipt? MAdluimi; 
band phella; ti^rniiaali and wan'boUdea; highway aJid railw^ay btidijcs; arrbi'w up to aimwd 
9(MMt JFpsm; IftTg^! water pipe, eulverts, an.i conduitj; hjiri^uM lanJ evnEin under 

cemditioDJ of ppwd-up and wju intiuflage^^ <: precast prodiicla as buriid \ ault^, 
pends, piling^ pipe and iiraiu tite; mat^ for river-1 umh (wotectiou; &ikiis fe^iui; plattormap 
atifl Other farm iJtnjrtureiii paved toimij eourts^ jKjuiid aiul hj^at uufulatiunp and §fBokie- 
Blaeks. The adAptaHona to thin-^WI const ruct-san. and to atotnic j^hielding 

add immeasurably to tlMi ran^ of pcjastble applications. 

CHbir wpecial-puTpo!!* portland-cemeiiL concnitij* mdude beavy-aggnJi^to counter- 
wpifilit afld jthieMing cnncfvU*#, ligbtnpigbt cownrtcfl, often far «oiiD*i or bent loautation; 
uniliiiK concfute* <soft-«BBtveate concrete into which wile ctm be driven); and poiww 
or porovis-ini^ concrete* for tile or nDiierJrainniJE. ?urh vHrintiouB nmy be sumred 
tbraugb the u* of specuil a|ixn>«(ii<o» (nmging fttim imn Mid iron nre to eindcre or 
i:*wdu!<t, or bv Adding n etaatl nmnunt of »om« frothing mont *tich ns tbe niuminuin 
powder in Ju-rocrete,* or by 'poor” grnding or Uifc of nne-sixu aggpegste to produce 
bnneycombicLg and a pervious structqie. 

Bpsidrie beiiig the ontiTC coEi»titM*'iit of eoncrelc, ponlnnd ct-nient is luied in nuetonry 
rnortnm and stuccos, oll-wdl and foundation grauU. Mil-wmeut stahjlkati^ inlxtui^, 
and asbmlOB-co&icnt miaturM covering a vnriety of products inclviding shiugU‘», pipe, 
corrugated board, and sheet material. A thin lfl>'er of portlond cement gmut has 
proved uwful ss a lining for ca^n-iron water pipe, nfducing comMion and hydraulic 

ConcivtG has even ftRsufflcd an important role as a ik-corative and sculpture] mrditnn 
(Ref 12 pp tOB-21lj; tirnamenlal as well as utilitarian in the espoged-aggregate con* 
sirurtiori of n terrarso floor. The gciilplunil phase was iniroduced bj Loredn Taft 
in his Bhuk Hawk Monufflinl at Oregon. 111. {H)t2), and his Kountain of Time on the 
Chicago Midwav (1021). Tbo latter is but oneoT the many notablertnietures dlustrating 
the artistic concrete creftsmanship of J. J, Earley, oOint^ being the replica vi ^ 
f'arilienon at Nashvilh , Topti. (1921 to 1931). and Bidia i Temple at tViimetto, fll. 
In diicoretitu nioaniilhie exterior wall construction sculptural figurr-s are cyt agairirt 
plaster molds which are miwie an ioti-gnl part of tbs form for tiu' cistenor inw ^ the 
wall as in the TJfo Scii nrei- Building of the C„iTOn,ity of California at Berkeley. 
.Southi-rn California abounds with all manner of decoreliw concrete, Shape, t(<xture, 
and color ran be controlled threugh the forming, choice of ag^«atc#. use of pigm^ts. 
and surface tn»ttmcnta of several sorts. Kgnre 3 indicates the surf^ 

t)pc available from forming alone. (See f'ror. M’l. vol. tO, pp. lVS-185,1023; voL 30. 

pp. 251-278.407-121. Il»4.> . , , 

.Senrndv an important structure cxirta that does not n-st upon conctele fountlations. 
If tlh. piimarv fremework is hut of cuucrete the structure cmiams aimhaxy concrete 
ctmatwetion in such forms as footiiiKS, boMMiarnt walls, siairwa,^. mriMW »w‘'i 

encaacmiiHl fur coliihius. Thus the' world's highest slnictupe, the Empire Bmte Bmldnw, 
a monument in steel, contains HJO.OOfi cu yd of concrete; the Hoekijeller CrmUir group 
of buddings emitairis thnx. times ibis amount. In our urisit steel hrelpijs the maas of 
the concrete io the pitre. imcboragc*, abutments, ami flo«« usuaUy exceeds that of 

the steel in the supcrslmcturi'. . - 

.4s a stniclural material, concrete awe* its important place to the fact that itucco- 

Thi. liahtw^t 

Tslr V0I4. «Hl - dkemmU mh-iawUJy. 

ounWiR M Mtrttlt W man of void 


oE iLnikbi^ hijt . 
aar^hLraiiLHcL 
ArKhrrm ciuh>- ounwira 
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C^1SIE^'T A*rD CON'CBETE 



Fid. 3. OnuuncDtAl concnrtv Burl’jiewi ciMpt DjiiLmBt fqniiA. 

nomic^ly highly rL-49i^[ant tq wmd^ wmt'Ti cArtliquake, and wrt^ and 

li'fiiip iLALdr rtadily to uJ[nqf>1 my typq t^r dprorativp ot arqhit-L'ttiiirni I'^pir^ion ranpup; 
fnJiti the RinjpervHtive to ttw? fantaftir. 

PbyGiul PropqrtifcS a^6 F^fitoTi That lufliiimc? Thtm. The foltowiiiK duHrMss^ioni 
quatiry th^ ^ ffsr the pfay^^ral listed in Tb1jI& 4. 

reiJdr. CoflqfuUf cMi be niiuk of any tkflin-ic! rnlor or GnrTiucvi tcKtiiri! by (ho wgp of 
minend or by embedding ai^krtctl n*i^ tbq Rurfetc^ and expufflng 

them by icrtndiii^ or in^af mrnt with aiute hydMblnrie acid. With pmpiT prraiytioiw. 
concrete iurfaccs can be paJnU^ datiafftiiti^rtly with both cemebt-water and dJ paints 
(bm; '^Waterproofing and Pajnting'^]!. 
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Table 4 Usoai. CiiAKACTKaisUf^ aap l^nrj^iciAL Pkiiyi^RTiEa or Plain Conc^l'ts 


Color....... ^. ... ., 

Unit wi>'||^l ^F!tnji.4unil ronrn-t-eJ, Jh fmt rii fl. , . ^ . 

Unit (liK^il FTtnirlunilt tillori And jh p^r cu ft 

^ Lit^ngf b ^ * roTiipn^jVI* (ofti Eiiiht«^) ^ pru|HjrllcpiiiiJi Imiit al Mint 40 

portoAt yidniati^ii^ .. . 

StrvnEtb, ^Ig.tiJral '(ttiuduLm of rupttire) iiirujHJrtiuiuiJ limit ulKiiit 
70 qkimAtrkj psi 

Stronp^h^ tof^ile ? ronipt^ivt*) {pniEK^rtiAniU limit uhout 

TO perciMit ultinnite), psi . ... ........ 

£?tn:'iiK[li^ iLirsioiiAl ^nux^ulii^ of ruptitne^l -(propartiLrtiflJ limiE 

About 70 pprcwnl ultlmjitlOr . . -, 

fatipi^ (f^inlurAiu o litnil flexiin.^ ... . 

J4tn*i]4ctli, iKitJil (Hlldinj; A|^iA‘«t ^mlw.'ddLHj iti-td, plidci ha ^)*., 


l>uraliility dN-ij^ioii) 

DeformAhilktv Tabli' 5) 

qiocIljIljs of elastidtv (c^mpm$^ioTip trruaufi, 




^'tiifnc 3 !fp TAodulu's of rigidity (tor»iQu.i, psi . -. 

PoksoA^s ratio I'O.^O civt-niKt?).. . . - - ... 

Ctteftiidctit of i hi^nnH] t^iiKiiuiioii jkt {diffuns lUUi* from ibat 

for O.OCIOOM5 . . 

Specific huAt Cma^ cutiL'ielej ^ litu pi^t lb ®F.. . . =. 

Tbernuil conductivity (nuijiH conirete), Bty per st| ft per \ii. per 

hr per *F........ - . 

(buildinij; coucrcleJ^ Btu pi-r ?fq ft per ixi. 


Thernial cotiductivity 
pw' hr per ®F-. - . 

Thernwi! conductivity 
per hr p&r *F. .... 

Tht'rmiil rondwtivity , . 

per Mi fl per in. per iir per ®F 
Cenieut coiiteiiL^ BfU'ks pt‘r t;u yd... ...... 

Com«ipoJiiiiiiR yie]d^ cu fl cotirretei |hrr s^-k of ceipont 
Mi^cinj^ wAtrr pii^r eu yd plastic concrete, raI, . . . 
ilising water jw Anek of cement, raI. . ... 


(cinder lijq^rp^tc), Btu per sq ft per in. 
(cspandiHi l■rtlrll*.^-clay aggTeiiAte)^ Btu 


Siime ubadc of Alate 
or gray 
145-155 
50-L40 

2 , 000 ^ 8.000 
400-1,200 
25CH700 
300-1.000 

Al>iiut 50 percent mod- 
iilLi4 oi rupture 
^’'dO percent uUimate 
(’oinpreyjiive alrcngili 


2.000,000-0.000,000 
1 , 000 , 000 - 2,^,000 
OA^-0,24 

4-7(10“^} 

0.20-0.24 

14.4-24.0 

10 , 8 ^ 12.0 

5^0 

2.3 

4.0-8.0 
0.8-3.4 
28 ^ 

4-0 


> Rftl# Uf tmtbft lin* A 41 iuiftiirticr on abbELaitd. n-s#’ erf lunJ lip»1icalli*li b IM rA 

prr MC (.AiiTM C^*i. At » ^rery miUI taw* tlJiftwt LnttMut ipijLlrtlthJll ^ Itiftdj tt« ■tHjii^li i« abf.Jiit 
Ifi f.#nml ipr^UT. ftplilriait U-td Tifi>- bIii*Ii‘Cwf to 4 kr per Mp^itu^mK ui? ♦tfcimtli u 

12 la la twjiJtfciL Tltfr l*iui-t±mD iLtalAUitd PuippwMOiT bad ruiiy ^ be but mm dmJi BO 

ur S5 IMPMULI bf liiai nittLrtd fmiPi * illOdt-Mme cbntptraiifcVE? ti«tr JJMkR-tim« t*»t d4tA 


Unil U'd'ffAi'. Unit ™6hT.-i vnry with prv>iiDrtiun.-^ amJ i>|M^ifie gTAvitifw of the 
gilliw, A ffljr ala.nigc I'TWLifie ^avilv far the HaUal quartz find Unicfrlani* tiRRn^j^tes 
U:ii 4 ? 2.05. Natunii ruekfi for liitve jspeciftc yraviticfl vAryini; fmm 

2.4 to 3,0. 5jM>cial lightweiRht aegrcgAiCH -“iiich ^ cinders, humed clay or haydite, 
pumice, eoral, perliUv wrrnieuJitc, and grantilatL'd #lii|p have HpecihE! Rruvitiia fitiini 0.10 
upward. Frolhy (n>ncn!teB havinR a jiyjouKL'ldEe ^tructuA^ can l^c pitkluced at Ictw than 
half the unit weight <jf erdimiry ct>nc™tfl. Thit wiidiiy ratio, often railed di linlty 
(ralsQ nf votume ctf iktlids As fpftfie ocpujiied, i.e. ► unity nuiiua the- voidsi nil to) ttf the 
cQnrTefe (EdTeetp the uiiil Weigh^ itn* wlidity ratio in tum being a functioiL of hfjth the 
imji-i rtfriij T f] Hisc aiL[l the gruditkg of thf aggriL''g(itc'A iPiw aIbo Table 10). Counlc'-rwoight 
cnoetc-U} up to 270 lb per cu ft hftp buen mfluJe u.-^ing aitta4 punching!^ and iron ore for 
aggregates; even heavier conenste Ls uwjd for ftiomie ahiiddiiig. 

iitrength. Unquiibfied, the jrtnhgfh if ccuicrete refers in Uiiitt*d t^iaum to the 
2S-dfly cnmpflwdvx* stn-ngth ef a standani m liniJir havlrig heiRht twice its diameU'r, 
which has bi^n kept mohd {by immersionH fiprays, orcoveragt; witli wet burlap or mokt 
Hand]l At approvLmalely 70*F from ibc time ft wa» cmL 
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CEMENT AND CONCRETE 


Tbt* ccmprwsivT rtranglhs of rvpniwiiiBtive fiilint^U'd, cunnl, ?tiuJ tegtiL-d 

in with A*STM ClS2 nr C3l conatitulr llur Iniig-ttwpind primary criterion 

of cxci^lL^net [nr ropcrvle. If the tejsiihK in of a rrswiri^h natuiT! or prclimitiary to 
draiip of a mixtom C192 ^lftbo^lto^y Kpecimoioi) will conlTol. If iht tej^Lini^ tvhiivB to 
work icL proffTf^ ilu- ptoee^Jiin!'^ nf C3I (field (apecimeiw^ will lie foHowi'ci. If the PpCi> 
an? to drilLiHl fmm Wdfjtioil wiifrt'le tlwn A STM C42 ^veniF. 

Theti^ Art' lwt> oUajk-at of ''fiekl" (A^'TM C3l l sipceinHTU^; i 1) quahi^ cor^mt to indiraitt’ 
the portential rhanicU'rwtire of thv concrete luiA?d on tt« qunlUy jua* piiuf to deptwilion 
in tie form nnd (2J jofr intended to indicate the rhflrjwrteri-rtica of the hardened 

conertfe on the job at the time the apccimiMi a tented, AFii,'f fabrietition the '^qiiaJEty- 
enntror' BpecittK'n ia atored and trflted under ei^entially the statitiarLl laboratory con- 
ditjoEkB. Vii'hFn tested the requite phould fairly indicate ttw potentiai qunJily of ihe 
concrete bj? it enteml the form- The job-eontrol fipecinu^n, on ihv otluu- hand, U, 
fis nfttriy may be, aceordcnl the Jiamc treatment ieRjXiHure, tifniperature, curiniE^ and 
other conditiopfl), aa «? the coitpride of the fftnirlure. Aefually tht'se condltlonB are 
diffieult to wroulate with a-^uranct% and the '‘joJi-contml'" upeeimen ahoiUd not tte 
expected to indicate accumtely the jrtreni^h of the conrrete it b ^uppotsed to rep>- 

Tefltfl on drihed corea from tht! actim] structure conFiUoU* the best Leonif for ealkmatiniE 
job jdnmiflbrf but Fucb leBls are tinke-reniqjininip anil crwilr. Ttn* core muBt be taken 
carefully and procw^ctl in acet^rdance witli A STM C-12 which uutailfl mtit^ture con¬ 
ditioning (being FAturatod prior to icfit?. ft must aW* Ijc oippr^d on both cndu nnd 
the tejded ^trVElgth wUl Uf^llally n^uire a earrecllon to eotnpenjate for (he departure 
of hinght-iiiameteT ratio from thttt <nF the standard ctimpiejirivn cylinder [which b 
id ways 2); see Fig. 12 and A5TM C42, 

On the other hnnd, the drilled core, a-dde from conrtltutiti^ an excellent apr-cinvn 
for a ri'prk.'^^'nUvtii'v job^trength tevt, BUpplie^t the baj^ia for a di'fitiite chi^ek on the 
actual thickn™ of floors, pav^meiits^, anti walk Moreover, the core can Ukemw be 
Iiii 4 i'd AS A %'altd aampti? for tin? dt^bTinjiiiition of ihir constituents of the hArdened con^ 
crvtCp as w FonietLtnt# nEHCfflR&ry or chorali1e. A<!i7'M Siitcial T^fhnirat Pu^foLTion 

169, |>. 221, 1055'. 

higcnuity and analogy liave given rise to several attempts to evolve simple empirical 
pndiellvr teats for the early Mlength development m rriteria for form removal, termina- 
tion of formal curing, or for placing the into wTvifi-, 

Orw of thca? has been the tine of a bttlL hjirtlnjiiw test dmilar to ihc Brinell and/or 
RckckwcSl indentation hanlnesB testa for nH'tafB furing liu-ger ballB and tUffemni testing 
lechniqueaj of cuurue). A variation fiirnacrly usd by the C.S, Bureau of Hoclamation 
was an Jffljsrrf indclltatinin hardruws ti'st in wluirh a ball Was eilhiLT [|rEjpp«i fruiti a pnr- 
determiTU'd height [or swung as a penduEuin) tu atrikc a shurt of papier ajgatiist carbon 
papt r interposed betwerm the concrete and the striking bidk TIh^ smalk-Lr the diitmetcr 
of tbf cireiilar carbon-pkapt'r impri nt, t hi- han icr (Htrnngur) was the eonen-te. The nu'thisd 
ip descrilM.-d and illtyitrated in the U.^. Bun-au of Eh-clamiitkm "Cnucrete Manual/" 
dtb isi. (1942^, p 330 or 3il erj.* p- 317, bui not ia Hu- -current fifth or sixth edit inns. 
Anuthiir ds^vico has been the partial endwMlnu'nt of short pullout rods in the cEinerele 
iiu the aaFtiTTiption that tin* bund deVi'lopetl in a gi\i-n jN^rirsi of tinv is propottltnittl 
to thi- fltri'ngth. The moet recent doVJw tu atlmel guni'ral atteution is ihi" 
test haTnmEjf,*^ firoii agnihst I hi? concn;‘tt' by a spring-act i vail'd roeehimisini, the te^buiind 
being noted in a ninUTHiT somew'hiii amdognu'^ to thi^ tjeli'roseopic h.-st for the 
hardncflc nf nu?tals. To dnte neither llw^ validity nnr the limilatioiis of Fucb ^ievires 
are PufficM-ntly well e4UabltF-h£d to justify any preiiT riegree of confidence in their in- 
dications- 

Because of ibe varying clfecL of diflerml diTgrx'rs of air dryness at time of teat ou the 
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Mtnan^tb Chf a^nanufti!' («ioe 5, etnd 

7) qJl sialicliurd tA$lJttig 

€132, €31, tiiid 

in iij be‘ nn npiMiimi'iin that art> MitUftlt<^ 
at tfmp ar 

The potentift! strenj^h nf a ctmcn'te 
miKtiuT ip primarily a cljrMt futiet joti of 
the ratio of cemeiit to water (cvt ta eoida 
Pinne the voids jut virtually filM with 
water) fit time of initial set,- Thb? i-i ap- 
panmt in Fig^ -1 on whifh oi^monc-waltT 
Fatiofl and their inver?M?, water-eeirn'int 
for TjTse T cement (fee^'Gi^im^nt/') 
ore eapreweti in the WTerftl unita nir- 
P'ntly tifiocl. ConvenlinnaKy arn'ptalde 
aftgregatejfi ^Htnd^ gravel, oniahi'd siotmi, 

or sEag that la sound^ ehemii'ally iru'rtp 
well graded^ and rtasonahly frei^ from 
fhit and idiiicigiited pnrtinli‘fl i ejiTect ihi- 
i*r.R"ngth in two w'ayfr MaxEmiim 
amoEiJit, and surface lextun* have Home 
influence on the strength at constant 
rement-water mlio. Tbf gntdiog, 
and amouiil, specially the amoLini, 
hft^'e a primary influent': on strength 
fieeauise for any well'gnoded aggregaLe 
iJa^y detemiinL- I la- minimum ratio of 
mincing water reciuired for wiurkahility. 
Thus only 4 gal of water Jack of 
cement was^ required to produce a 3-in. 
slump (ulump tft a roi^-MUo- of vrrjrk- 
afiility^ ASTM CH3) for a rich miftfun^ 
(I :l.4:2.4 by wei^t. In., 1 pari isy 
tnent:L4 parts sanil:2,4 gravel h hul 0 
ppd per fioek wsa n^quinal to produei- 


W/t hv w^\qhf 

^ I - i ^L. ■ ■ " 

}V/C bv Miy (vof. (Aaxtn > 

2:S0 2 JO m LTO r.60 l.30 

-J. j. I-1-^-1-.- T I 

Ff^ir bv loose vol. (AbneiHi^) 

UO tlDWO-WOKI O.10 0^ OfiO D£S 

. I ■ r . J . 1 . L . ■ ■ ^ 
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oj OA as ojg 

c/tv bv Mild (vol. 


-L. —j . ■ I - I --■ ■ I ■ ■ K ■ 1. 

U) 1.2 1-4 1,6 Ifl 20 22 7A IB u 
C/W^ b)f 

Fia. 4 . I^hahlr nilniiuucu :!±j->day coinpRtiaiva 
Atrength of eonrroLa ver^uA ratj 4 > tkf waLar to 

c^Eoant. MpraaseiJ in varieun unit*. 


1 OniiCrDEe^ ^ dried la AtHidnaijiMiAftt MTiLfomi niotiinn ihrouKhiKtl b tfi te 3D RimiiiETr Uian b iJib 

•amr coowrctt wfenn pwtamt^ {nlhei twrTter tiut iw pfter bernp- nxm^cd far IS t4> 30 iHUkraj. Ifhb 
it ihawn roaniTTMiv^tiy by Uni fiurv^ pf f )|>, ind T. TM n^^ppainit^n b Kv^mihlr *niJ r^trataliJit 
wliicfc] b Isur for jibHCbutil irikErfuJ'^ AdliirraJly ihrludituC hHeV, iPOta^uL «l04i>e. tuid tlmlkfr. for cHotn- 
|]irwiv.r «iriiieEirc tJitkBT, Conwrif^, iui iiw ^bd tW ]. Tor hriiip^ of «TitiHnait Mmcrvtp mw 

W, K. Haft. Tt^n*vfi<^4 ASUii. vj}]. $9. p, 7Tt. Feix roJotinMaiHi, Arkiur. and tonna 

llcvut, Gltkey kpU ^'pirli "'EAjCijkOeritiS FMIlLiUlbti Atrh l>ini^ RenOtt," V<A. 2, |ifb, 40A. ]U^. 
11. F. CkmtWfliiail. .iCf. At. [le, iWand SOfl, IBaO. fmEHrt* flfliurAk wAiJUnkiC ffOPn mLr djj ina 

wMeh abj^jaredU POhirmdk Ejon in lyohabtv «i|;i]*jjvpa by UMni nm ttayruir. ^ NaIIoilbI fWid juid tHrav^l 
AiwurunuEL InfPrnLmiuiHi EjaHjef- 140^" Marcli tu. Iteikk Thry rcjwn iiUlj»i*JkliaJ iEiirFMM!ki in UexiifaJ itftti4tb 
fur tJDEifnHa uaUonijly dry |!i«3iia:3e Uvr nruH akEeqei ojilI EfjdnntiDii* frain llir Mllijniiid fOr «iq- 

rr^tr BOt yal lo ai>jLmpKUE*t< MiikTc^Eiaity—nrobiibly l{ii« io Jcwi^JjJrd Ieupi djacinaEiiJ 

iihrtt]k.i*flL For |>ra£Lkaily WiJ cunETrie, MiaLbLic i 0 vlrhiaJ laiaratiEitL o^cuia imi.9djilW alirnttiA air -djiirunB 
|H-DErwtM atO"'3y rponirlfl* da;^'* wwt* dependaiie upaH tueb rutwR pa LIib aEJMifie piferiPCn of tb* [joa- 
i^rrta. tho^ Lujhidiis’^ ^ iIk qpivirtM^niAiii. and th# aJr rifviiUatiDPr P^Liriu* dryinip as aiea vp ui m (rw 
C>iiiiEi£ and. dj^nf are EJr»Enl aliuiEJl^EDOoly {UlLtkJ, dryiBi l^ai HUffidmEjy Ei» rrEard W anOiU^nd 

hydrAlam). For ■uWrr e^rrete. ruedni, -p reiatEVeb' dnnjtanl and ihr eJIm of dr>4Qr atpuEiMi d^1iufiaii«i, 
4 aeainiaic kvcDciaBEai-icy b cMt avat? dryiRK at pa ISO lo 20<I^F ankcD cDqriei«. 

The avNi-dry oLreniLh ■.p|inifciEtulj<3i Ibe Isarttiiil jBEiL/al-ed Ptmi^b PEid Vi'lt«Ei tbs □-k'vji.^driqd apcehnelH 
are rPWiJkvd ihinp ar» annaaElh rodiErtJbni al Ihe cu-def-Dl IS Iq 3D fperetail batgv itiai nt etwio- 

tj^radbit aoLoveu-driMf uituratcd pmebrNHW. Evidaniiy ih» dqffnvjiiial ^rinka«» ffoni iLa farwJ dkyUia 
rePii[l in rbiLelurat dmamrii Ievisi InULilia irnbCLhLRL W kimteV^r f!k^ ^AliLariPfloa. aLr digrlna i<*wpi^ iaUy if (p 
MDifaimilyk weraa^ai inal itrwnjrtjkn ^ otbi itr^iDE drcEiB*** tlifEiE; ueU Hnluntlwi egiLCHiP ia 1S Id 30 fvfr- 
esiii witjLtt itiaii iht auiio cua««i« rithpr MioroniiJy tir dr^^ tw unJurmly Qvan dry. 

) ll! Urmlqr b neltber mdded Id. ftoF axuatftJHl tbfl lilJialic fniEbLirv dnHlty Uri luUrViJ brtwvym luilini; 

«il4 ItiffiminE (aiitwl »rtl. ibp r^tuifia of the miiim *e|«r m tlia -mlulue ul llie Vpidi Our Vvitb B^|i«Ud.>r 
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cement and concrete 



Aqr of toncreftf 


Kirt, 5, A typicd dwurnim .bowittt lli& nature nf ttij^ irttrjjxif, jiiMFyiitjf, JKJKdtUm, imd reaume 1 
tuHtig on ihi? i^Enpresaivc StreilKtl* H?cin«iftc -iO, Jouuar^ Urtd A/oi^, 

104U 



Fio. d. Curini noruLal (Ty^rf Ji ttoHlHTiil-f^ineTil POiArrete; ait mid wnttr 

tmnpfiralure tW, 4H, Jiinunri/ jfinH .Ua|^. ILHU) S * ^nanularfl Ouniivt) 

fiufwl lo lime of ir^i; A l) ■■ air-tijfvd. dry at tewt; AM' » hmuitrwrt; fw I diSLj" tiri»t 

to lealL^O ^ molAWnrrd. luit in rlr>' nir ID h or uirirt! priiir lu t«:>»t, Nntf that fnr rmiimcj 
turinn rtinc'ritip iiUlpL lM<^iiriiD re«at4rniled wil}i> nn iriLiiiHlItitC’ dfii|> [n vipL'nKliii from AD iv 
\\\ belure thp remumptieifei uf vtreliRtl] rhJji cuu atiut. 
















































































PtlBTLANtK-EilEST coxchette 7-23 

Lhi" Afifw jiliiJiip ifi A vi>ry k>aub (1:4.1 Fn^iui Fl|^. 4 tlie prtxlii?t(Hl sIivd^L 

d' till* rieii iiu^ b li,000 |.^ And of ibv ^aji uiw bi J ,fiOO |A?i. 

Th^■ sfrcniifitiA of F'isf- 4 will 1 a* dt»vt''itj|it!cl oiily thn^ HtAndAnl Cflntlitionfc 

HjM-cificsl fiJr mi:iif"tiin? And ti'nifA-rHiUti*, Thikr fAveiiralile U-isi|A‘‘rHluri- I hr mU" of 
sJin^Tintli iTsmTks* If inffm^nwi hy nioiritin? tomlilioiw a* ahowfi quAlitAtiwIy iiii Fij{^ 5 
nml A«-tutilly for Ty-pp T fp^famlarflj partiund cuBrn-tr in Fiji 6, njuf for Typt: 111 

tirnA*nl {hiKh^-sirly-Plrengtli) In Fji;- 7* 
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Fid. 7. riirliii dit^Rmin^ For hiRhHJHrly^n-nptli (Type Ills (> 0 rtJAAd i^lniC-At CNanfrit'leJ Air aniS 
wat(«i- Ertiritta; tompc^TBUiM'lAiiwiliutl, (CoR^n^i'. 4^. Jutiurnmnd -Uflif, llMlJ S - pIathI- 
Ard (hiout) ciiwd lo time of l(wl: AD = Atf-itiiwJ, firy at teat; ASV " nir^ruLmln iinmi*fi*«i 
for 1 day prior to lesl: — moiAt'«uied, hut in dry Ait for I IS da^TS or nion? prior to tesit. 


FigUrt' @ sihoWFs BomtiiJ WAlrr-erliirlit mtlO V^f- to latitiSltihlpe tot bulll normal 

(Typr 1) and high-oftrly^trt^iiKth (Ty|M> Ill) isciriiAiid eoiieivEe# at agr# of 1, 

ami 28 ilayt: imckT atanrlard moist ruling- aW f1i{. 23 for ngi^sErengf li rtmu>e 
for thr difTrtx-nt tyfits of portland 

WithiAit mii-i>iim‘ for rontimmd hydraiiort, irtivngth Kuia aa Uw conon?te dr^s 

out (uKwpt for tlu^ ndifod st rength dui? to drying am! Im«t AKiiin uptm rtwcmking; gee 
fiKitnutu, p, 7-21). With moistun? for h_vd.rtitioii, umtiL'totiirr lit rxtnfiiitly imporLAiit in 
the rarly iftag^s of inuring, ha npparrnt from Fig- 0- Conrrele frozru at an early jigr 
nili gmdtuillv n'^tune guiti of Alrt'nglh uiwler rvstontfion Heif fAVomhle eomlitmtu of 
niobture abJ tenipt*ratur\‘ (Fir. 10j- lh?pt‘titmiis of freezlEig mul thaAing of tiind t^ 
quatrly eiutnl ronerrir pcma ptoduLf jATiitAmuit liismplloin lli^pri’AcniAtivi" strength 
Ya. water-renw^ut ratio nlalionshipA arr S'huwii In Fig, I I for irnt|A‘^niUini.‘» of SO'’ and 
“IFF for ngi*e of k 3, 7, juid 2S days. 
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Fjn. B- Reprwtntativi? rBJif¥A of wjnprtiwvfr HireoKth for T>iw I lusd Tj'pn III 4 N?in«nt mn- 
iw hy watcrn^’cinttiilL mlkj luid period of iftiiinJ nEmiiLlardl 

Crm. A*far. BwH. FI*. lOrA p. U+o2.j 


Cotuprofai^ne atrengthe eeourtdi by lent uL^q vtiry with tlvc heightnlLHimitor ntio of 
ihe tpircLmen^ anii [n testing flrilM eoEia comTflana miL^t bo appliod, oifijeciaJly as 
iho H/D ratio lowxn] unity or boluw. For nti //,' D ratio of unity lappllrablo 

to the cube, tbv fliunJard epwEiTw-n in many totiulm^} ilic HtrungTh i^ aijcul Id porwni 
greater than for the atndidarrJ Unitf^i States vaJue of 2. For iJ/l) ratios W'lvt'i'iju 2 
and 4 (Fig. 12) the fftim a compn^^^^iv^-^trength tert nre IjitJe aifeeted lAi^M 

C42). Plane WikTing ^rfficvs and centoring are imporlant ip toaln of E?oneji.'lcH 

n» in other tests. 

The vjuriemR fwlorn that inBueiici' cotnpn»im%'e jUrerigth iiffcct Rtiengthi^ in at-xiire, 
tension, nnd tomon in much th« lyinir naannET. Figure 13 (Engifi^ennff EmnfifiHm 
diPrA JnwMtifFfifion, vtil, 2, p, 4151, IKS'! J sthowsi erjKipairativi' ag'‘^treisgtli eur'''i‘tf 
for moiflt vuTVii s^-cimetiif ail cast tntm the same Type I ei'n\eiit tnlsture. The nseHiulus 
of ruptitn^ in ilexuTe is alvrvul twin' thi- dirrii teiiffile strength, as is I me for cast-irtm 
and other brittle malerialn. TomuniiJ fallnn^i are always Isy dlagiitia! ti^nHuni rather 
than shear., whieh is tme for lirittle niateriais in geoi'rai. 

Thesn-eallH fleTCUroJ -iliength of plLiin etincieie iKi^. 13 and 11, tin- of mp^ 

tiwe), hke tliE? MKi|in:i«iv^‘ jetn^ngth, ia ft\'fmetitly aa a mrasyn^ of roncrete ac- 

ooplahllity. This is cepeeially irne in the highway fii4d where small U^ams ran be fali- 
rieated eABkly annl tested by simple portable Inmrn Irutf^rs (AHTM C3I, Ct0(2, and C78>. 
Beams are also from the hardened contn'lo and k-sted in aceordanre with C42. 
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at ti&t--dDV> 


Flik t^. EfFijri of rurintf teitipcratiiro' on etnmtfth Hmcretu. C’fFh. Butfr Tii, 

ILVA «£/.. p. T; I9h2.\ 



t'a«H 10- C-flijt in iitr^iijflli aftisr frwKihiS- NiJfmiiJ {T> |w I] Portland camvbt wncrete. tjPorf. 
iWm. Awt^- fhdhST^t.Otiaber, lUJO. 
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CEMENT ASn CONCRETE 



Fid. II, Akeo and t«CLif^r«iturt in to lAnlcr-Hwiiidnt ralicf ju^hI nlneiigtli at 

liprtLxMl (Type 11 [HjrtLHJ:i4 Otiilieiit i^iinrrTHtv. (Pfir|. (Vm. l^a^rtrurM Manmd p* 

5^, Ithifl.) 



Fio. 12. E^ig^I oJ" hcJjht^diaiMvtcf fat in on of (Otiprpte r'ylirufera. 
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Fin, 13, AlJr-iln-Hietli TFtmion* in eottipreasion. wnnion. fleiurc (iLLoduliu of rutitnf«>, and to[^ 
aioil (iiimiuliUi (if WrntUTj miilures. stiitiJaftJ nmiiit euriiiK. {Em. Fmintl, 

iMm rflJ!. 2 , p. 4 ^ 1 , 1 ' 934 .) 

WIiLifi dciiinHl Voiiiig's incidulit'< Otn reailiSy hi* fmm the lopyi-deflnctiDn flalii 

of a flejEural Wfl,ter^?elDC!lir tikllQ, eOdtiRp and twt etirtditiqii, affm-t iLcr modulus of 

ruiitun^ ill ahrtil thi^ sbitu* iiumner, liut not lueoerffariJy tfl the iKsime extent as iht^y Jo 
l}ie coiaprvfe^ive jftrenjrih. 

CottijxLn'd wilh thu' fli'iomt ft'St hm twvririaJ disadvantages. For the 

strongt r eonen^tfe the rnudulus of mpttue d<K4i nut incrutiM? to the samr eKtvnt m does 
iha- rorapressivi- Ffnmi^tli. Nonfaikn? of ihe is ilependent iipiin the enatinupii 

InU^grity Tht' thifi-tensih^siirfBa^ fextreme ermen^te Hiihin ibi' middli? lliltil 

of thi floe Kfoail «>hrinkai^^ L-niek or Ji^feet iii ttuif n^piun ISUiJy to dJetale the 

failure for the tH-am. Tht^ fti'SMJral U¥t U tnun- ft'iwstivv to the type and surfaev 
lexfurn uf the eiairsF j^i^^Rale idiiee in ihe teftnik- Fi^pnci of llu’ tw^anii ihv transfer 
la-LWia^n I he morttir matrix and the aggrTKale 13 almotfi eutimly tensife. The flejniral 
strength does not inen^as*.* with the of favondde etiring lo the sami^ extent a* iloes 
ihv^ eortiJJnrSfiiv** jftreliKlk 

Testa at the Satkitud i^aoii and Gravel As^zHJelatjon l-abfirHiory ennsbtetitly indieate 
lliat for BOFiu* unoxplai ned reason salved beams are lOvUter ihan ate icIvntidiJ bt'ains 
teMtial aa caat. Huch factors pn^-nl qursliotw R-gardini; ihi? Biiitability nf tbi' fdaln 
eoacR-'te fa^am ofl a criti^non of ttmerenr* qiudiiy- 

Tensile and tormonal strengths niv of Inten^rt as tiosJe properties of thi! eonerete 
but arc not evidunted as miastin.'s of sLgniJieftnt ehameli^iisliw, Ap^ reganiji rale of 
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Rain with n^i^, waU'r-Pitmt'jnl rsMo^ imd riclubeiMi of DiiKlurv, both the LcOriilo 
ttiniiOEiaj pond^'l fk=!?£Um!r 

Othi'r fitriPTiKth tc-fM ns^ lo a extent and a# yet not fully wiili rnflpi'i:t 

Id thjfir pdtf^-ihU' iiM-ftilni'R^ iTuliptitoni! of pmiMTiv'?* jw; ill Thf' *'nMMtiftt'd 

cmIh.' moLhexJ” (ASTM Cllfl) in which coniprL'jsaivu i^troii|;tb bf dfc‘^Ecmijiit‘d by b'^ting 
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Woltr-U S. qial, Ptf mck af CiffHnt 



FiU. 14. Fti^ptiwtitalivc ranK^ft nf S;r3[urfcJ 4tn>nf£th« {moduliof lti|iturcl for Tj jw I and Type III 
Portland cement wderctets u inQuence^l by waier-ceinffit ratio and period of EnltFal aEandim'! 
nmiit curinE- CVm. dtjoc. tinU. I'lli'ih ird., p, 5 , 1 U 5 .t!.i 


in coMpro4»ion on iu lide one or tHdh of lire two fmctnmJ of a 

te®led flixural Kpt'dnien. (2*1 A '^tehnle Apliitln^ of n concrtdr comphl»s^fivl^ cylinder 
ItHMW eomprwivdy on iis ^uir in thk^ rlin^iion of a dinmelor alonR a pair of upia«<iEt‘ 
Furfaw ek npjTUfl. Under thia form of loaiiinjc the eyfimh r ia aplil into twi. pri-m- id" 
eemicirnihiT rr™ i«y!ioii, the break I wing di Rnitely Uiuik- raihr-r than cruahijift in 
nature, ff the teal is diacuhLinuiHl inimj^Eaii^ly w‘Leii .'^plitlintf hAH oceunrui the two 
lonfptildiuai prisms can be mmalchnl ifirterJ legi^lhen, atood on end, and If-atefl rom- 
preuivoly with an alle^ lfK> than tO perci'tiE irducliod In atrenii^h (mtn that of a 
companion un^plit romprc^vc cylinder. For a dwcuBnon of tb- two i^tA with n- 
lated ndfirencej, Sven Tbaulow, Jour. AC I, Jatmarv, 1&57, p. Titk No 53-1J3 
{Pfot. AVI, vflL 53, ia5fr-l%7). 
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As jndioated in thi* fontnotu Id Table 4 the rate of affect* tbe Miec^ih obtained 

by test : it al&o the Ftrain cotrrespomling to a si von [wad- The slowly toodiietid 

lest is not to be confusrd wiib loadF applied for wi'elyi mid monibs, bnt the aami' plastic 
rtow (creep} n# tJuil of a Inrijs-lime test aceounl* for the p^lra sltaiii uf a slowly Uwted 
speeioien (see FigVr lil and 20 fur atmins from iUJ^oioe^J loadiniE l,esta)L 

Hmid. Bond refers to ttip MliJlng rf>^lone¥ developed betwt'uii tlie nunervle and erEt- 
tiedifed steel bars or wirps. Bond stress? is ex|jff3i*ed in pound* per Jkjiiiirt inch of the 
aiiperftciat conLaiit area of a plain round or SEjiiare bar. For deformed bars the contact 
ajca for bociii-stres^ ca-leulatimiff Is iiikeii its that of the plain btur of llie sume avemife 
arsa of ertwe seellon tor weight per unit tcn^ih). Freeflom from relative slipfiag^* be¬ 
tween sloe! iLod embedding conneto ia vila! In all reinfonred caiiFtrOftiaii and the 
mustiiiice lo slipiMLge, known as bond, may be lhat due to frietioii and/or adhEwLve n?- 
sislonce to sliding. End unchoniEiistT esiiMtsioiis, propt^rly booked ends, nnd mlle4-in 
defoitnalious (luge) are luwd to provide the equivalent of udded Imnd 
unce. 

Fur (]ff«tn'S 3 ed -concrete some of ihe pfobkms of bond are disiinctivc because of such 
faclom as- llii* end oiichorages and/or grouting aiouiid the bars Buhset^iicnl to U^osiiming, 
Uiki^rt'iis the modem (AST^T A3Ua} deformed Imrs are largely employt^l in cOnvriitfuiml 
eouMtniL'tiUnp lilgtl-StrengUl w iTr, eohlL-S, and plain high-carbon st«j3 bjrra atre often Ufled 
In pmatj^'aifed or fiMtstrcs^eil fionstructiont. See J. 11, Jflnney (Froc, _4Cf r vol. 50, p. 717, 
IQ54j or Dcfit- BalL Port. Cenir Asbcr% 

Permbii^ible bond ffireisM4!-s {mv Bemforced Concri'te) are aioniuilly »pecifii>Ll lis por- 
I'tijjliiKcsof the ultimate compricssiv^c strength of the concrete (to w^lueh the bond ntrungth 
is jnuglily proportional, e:tcriit for the stronger eoncietea fur whieli there is not a curre- 
spondiiig ineneafie in bond slrotigth). 

Be^rause of the sequential nature of shdinK ai-tlan, the avenige intensity of bond tliat 
can lie developer! ts greater over a nhort leugiii of t-mlWnient then over a long one. 
For plain hani tJie of ih-v bar sttrface is inipoMAnt, the longiludinally smooth 

i^urface of a dm^vn wire developing a lower unit bond nsistanrt* than ilie mintively rough 
■iurface of a hol-rolled bar of the same aLte, Cold-roUed and polwhed hai^ develop low 
Iwnd TfsiPtaneep, At a ipiven bond striaw for a given iypv of surface, a bar of small 
LllJ^mele^ mn develop a gn^ai^r pidl per square inch of E>ms«-«H>irtio[tal ati^i biN-jiu^e of 
the greater fijawiFic surface in oontact with the canerele. 

Firm rust On the bar at ihr^ time of embedment makes the surface rougher^ tbereby 
increasing bond cfrccliveiii™:, but tjeeauiw- of uncertuinties regarding the brnini'M! of the 
cuuLiikeaiid iLc extent to which there have biaMi inmod!' upon the effeetive era® section 
of the flTci:4H il is uerepted practice to prohibit the uf^ of reinfon-entent. Rust 

Ihjkt forms upon bars almady emi)e<ided In luirdfin^l wiwnUe (|>ecam)e of inadequate 
cfiver) prtHiuceH ilbrupHivr swelling, nracking off addiuoiml cooercte, thereby furlhtir 
rt'^lueing the covlt and rt?suiting in n rapid pratcn^ivi* failUTv uf inlemrtjuTh Ijetti'ceit 
stf^d and coni'Piqr!. Aildtxl lo this is etjiof^ure of thi^ stiH*! to «:ontiiiuiiLg dEitcn^iration as 
JH'W' Layeiw of msl faaiPtmte eve? more dreply into the slei-l. 

The slight m-tt lenient ivf the fresh concrete away freui the underside of horuroniaUy 
laid steel mluct'# or may even destroy effcetivc bond ben™th the bar (-■^!' Whiej-gain, 
En^intrriHQ Ntw* Rfcnfd^ voh ti8, no. 5, pp. 242-244, Feb. 10, I!^^27). The deeper the 
fresh concrete beneath the Iwir, ihf gniater ia (he adverse waUim^ikii effect whieli fact 
explninn the specificntiofL riNiuction In pcfmisdble blind BLr&sst^ fur ''top ham" (see 
Reinfunasl Concrete). 

In gcneml a very slight rclalJve slippngs bctwvwn the steel ttnd conerelc of a tlp^urat 
Rii tiiW (iis little HJi 0.001 in. |ier in. -of eiulMHldcd length] is critif'al and the iij«efu1nejis 
nf the liar sfi reinforceiuient is Largely mjllihed. Since till' ailvFiit of the Ransoiue pa Lent 
on a twisted Imr in rmuiy iiatternsi of deforniaLion, iwme of them qiiitu 
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liavff betn rolkd. For of llinst* ttip HpucLtie; of tho tu^ was t4JO efoatp or 
itK'tr tflopiftK eoiitOLir^ Vi'erp WlC’h llmt thp initial ulipfiaKci of tlitf l-jar wu^ ut u loaiil rom- 
parablp Up tlint for o plaifi Lair. T\w luijpt i^anip inlo firm hMiriof^ only itflpr it wu* too 
Iflite? for tlittu to inrroa^- UMpfully the tenflusi in Mott of ihtwo olj-stylo bars 

iliij rtiipply » corijkiti *Uian|^-ou"^ properly thni reliirdei.1 or prevenU'd a tM>[npkae fuml 
rolkipo^ as the b€*iLiii altjuincd thf kwid Mrrwprpniling to the mhhA ^llp tiuit mairk$ ihi' 
end of usefuJnrss for a litcxumt luitmber. 

Durini; the iJt>^' 44 dE^ 11)40-11 »50, the twenty (more or lew) ilcfQ^tJll^l biirfl ^^till ouEreul 
w^ere repliic«i by si\ patiem.4 tloat, on the baBii' of lEiten^ive test?, provciJ to Im- hb i^ood 
or better thitn anyihinj; provioiiHly produced. From ihe^NL* twta an AisTM 
A3f%>r tnw evolved titiptElatiriR tninmitun frqiiLmnenls for ]\i^ fize:< jiiiil uparin^ ^ (wee 
Retnforeed Conerete^ Table 1). The te^il proecditrv etnpluyed in voL^ini^ and/ nr wdect- 
tn^ the Bin cunmt AbTM A305 palEema luiif nfociotb* besMim* it slJkndiiril of the ACM 
(Proc. AC/p vol, M, p, AriTM C2*14 I'ovf'rs n routine prot^f^lure (fuimhk? 

far compnrint; conerelc!? on the bsisip of bond. 

The probtems of bond ore many and iratird^ nne nf ihr fTn:fcHl inipnrtont beinK^ how to 
prevent, or else moke propaT allovk'an<% fnrp thi' split Linj; of the coMrele that if. iiidueisl 
by the wt^lgiii^ action of dpfonneil bar A rothi^r complete diBeujKiun of bond in 

itf rnimerotut aepects and a digfeet of the literature may fto found in A&TxM eporial 
li-tihnidal pubhr^tinii IfHh 14^, lt)55^ and in Iowa Stale Colh'^e Enipnt'ejitiK Iteporl 
No. 2fl. 1055-1056. 

DufiihTiUi^. Durability is a Pt^veril-.'*^id<N:l pharactorinlie which can be considered i>tdy 
in relntloD to the q^icstianl ^lumble nfiaiast what? DiviJiaJ Luto ihnw eatei^nrias dur¬ 
ability can be thought of as rejqsianri* tn: 

1. C^umicii] dvterinrat.ion nfum cbaraeitenztMii by the Multiple cra^ekin^, Drumbliiii;, 
and BpaUing that repuU Inim the differential ^w't-llin^ inciduntal to dislyrfianofs lu 
ehnmieal FtatuB. 

2^, FhyHiral dbruplioEi: from appliiMl forces or imfuaet; froM tWfferenitiaJ volume 
rhanpii^ due to temfa^falure vamtiouB; or from nw-ullinje ani:l ?hrijika| 5 e flue So lunuture 
chanEgra^ 

3- i^urface fftctoni, chemical or phj'Bicalt proRn'^ivx^ siirfset.^ repjjouBe to coEToeive 
chetnicahi m contact with eKpostsi surfaeen or to ph^^ind abraj!>lve adtkm. 

In calegory t would fall wjch rauBes Bf organit impuritie-ii in the Mmd or the niiKing 
tvuter, uugar enniainination, adverne ecjiKiit-agitn'^gato uactivity+ or the Ln.^thinic action 
of water perrnlation through a pe rmeable concrete. 

Lei cttteEor>' 3 would faJl iKi’ rerurrinB imfsart iH^uniliug oF hf'Eivy truekiiig on u Rimti- 
or a pavement, the oceASiuna] hlowHip of a concrete pavement uniler the unreittM'iHl 
swelling ineiidiiiiial to mowture and/or huh' ami the ht-at-ef-hydratinu eraekiiig withick 
the body of a masaiw couerett- slnicture. The splitting of a bifwm fnjm the wt^dgiog 
action of doformefl mnfnrci'mt^Etl f^r lln^ epalling oceasiuni>d by the mnting tjf im^uffi- 
ciontly emlnrddi'd steel are other exaiisples. 

Surfact! faciors coiEld inelude th- hair emckinE 4kr checking frum too rapid flUrFatv 
drying of ri?ccnliy plnt'i^f eonm^Ee, the wealing tiiat o'^rnlt# froii] tb^ mv of salts ui snow 
n^mo^^ the luaniuii wear ofeasionitl by t‘ti*n3-Ein^| vehii'h's, candkKtusriiLg 
i-avitattoEl or abrjodon by water ibialing of Iroiii lalUlitH-, oJr Um- uf dry ceUU-nt 

in itie Rnal trowi^linK- 

s ttir EnpUFia lIlAt |isl ti* tlw- rToJiLpop uf AHT.\E «u atiiuMl. *»iUie.-]y uh Nul 7 bmj¥ rDurAial 

ilfcsriii-tsfj. Thr lirawit Eittr covemJ bjr- il30i >'m Nu. EE lii^piilly a Ku. 11.4 rjiU iHiiOTak-nt el ■ >43-ln.' 
diMaiptct reuDO li«r ihoiVine ui acca RiiuilnA Lhm nl tJMt uEJ 1 lii-lu. ■quRTv). EiteaUIjia tnt nmidEa feihi 
Sa. 7 la Kul It fr{irt>ftinLK a CGQntf1i<ffitik ?Etra|K>lfelUMi. Iel Kuat nuirCrf^, Ihii^cVet^ bu \ip U» Ko. ES 
Imi^ivaicfn ol ftSArirli art MFudiji:^ bJhI ummI uiiOer A^OA urD(M?rtiiJiijitii extiai*|«iK, 

►HWiilia UlS Iwwli-y concrntiwtkjfci lareLCmlrir in tiu! trajpi.rrf frum fawirCHlr ih ihr ifjPUart i^Su'. 

U1J- mfiiiCrrluMe crlrajKifaOuii iFltLa^Ll |Eie Hairjiarl uf ■Up^Jnuftntar^ n*nt tialA 1 m EtiilLJ^ quE^liorLfiJjilr. 
FiartHPiRlrEv, tn d»tr, PUE|^ 4wlk fBlfaiPtUliuiLft h^vn' b^r4 -UBly iti bra^fely uumEvv uorMtneii^^ — 
cntkwi RP ikHi-tin bul tTiU uf llubUfiu T-ftiiilirt/. 
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T>iir»hiliiy apaimit jitt^ck i? discufwfd lu^ ikn? some iippert^ nf 2 

hrd a. Oaiy iht of cocieruti.* (a frecsing ttod Lbc rokted aapert of saltfl for 

i« nrmnvTU will be wjnsidDjxMj liEto, 



FlO. IS. Effwl of wat^pf-rchii'-jal rulLo on istfi*^G^lnun diB4^Eiiiki frtr rtiftpl-rurwl neat ^Eiirai 
OiLstijn^fi at 3S ila^i*. tr^d. iSto. Ridi- SSS, p. :?7^ 

At any afu r Lhw inllkl luLnltirhinig itEiial Rt^nrNi^ti* \n iiiutb Itw 

n»3i]3itant to tli> 4 ni|jE ion I ban rrtnrn^lt* lEi whirb Urjp^r Af thr rmp-lKIbiy 

iHu^^cw OIF bnt pHTtbJly walc-r-ltfliii, 

Aiji Ebr caring lliydrtLtion) wmir i>f tin* !¥>?■' wntor iriilrtB Itilii cchiiibiiiiitb>n 

With the i>rfiariit suiil/or hi dmwn into #iiiiil]i.T capilbtry Tlh: temperatujv 

al wbieb water freemen be€«snMts pro^ti^vely Iow^t as the dbuui'ler uf the eai^iElary 
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Morf^uvurr thi» exti^nl ml diAim^lrml iixpAitMiuii hIm^ bo^tm'vf |imf[rvfldvFly 
hs9. WnU^r in thn gmAlkir c^pUbiti^^i prvBi''t;nji, tburfluru, Bttki at no Juncliri:! AKaiiiHi 
dfiiiiA^ fmm frwxlti^. Wulcr f^tmiiiiinfi in tht^ [larttally fi.lli'd liu^r capilbiw now 
liA^ aur jFpAcw DiiJabGtit &^nMi whkh nuijor px|iiiii0iti-! inrc^ fHiiiwt ik^VL^Dp, In di^noa^ 
roncrvte much cjI ilua nir Ik tnppt.'d ami mit dL^plactoJ rvpti pralciiiiciD^I oonkinjc. 
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Piff, 16. l^fTrrL ol ciinng. eaudiliofu anil nidbilurv <:iitn-c*ht at toft ytl tliif atru^w-elntin dioftFiiJiiit 
for a port land i=«ni^nt-«iiml Bofrlar mijtlura. Siftr BuU. 16I*h p. 39. l»4a.)l 


U i« wrh avpiH^lc w! thtw ttiM (^vc woU^uri-^I hiu-tjciunJ eoncrvlv a n>m!iUin«i to frost 
ilainoi^ nutiy tinu's that of the Hfttne poncrote iiioni fully ralurotcd Aiid/or Ik»» well 
tur«d. 

I he> odv^rw^ L'ffi&et -of ciuilriitnt nr ^wdiuni Aalta, oftnti iHuiiDiinoixl wlmre u£€d lor ii?o 
removal, seenw to be cement idly pbyfiieHJ. Upon whetting and drying sail prjT 9 tda am 
liipHulvrd ami whkh liuhjWta the rnclwng pores of tbn ponemte lo thp aanie 

sort of BlUirnatinie diHruptli^o action os that opriuinm-d by fn’^.-aLEiK and lliawiiift wilh 
filled capillark^. Aipumit the resultiiiK progressvc tiurfitm sealing air entmiMDoDt offcm 
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& larp* innAmmi of pmXiJFiion but not complvl^ iromunity. Thcf explanation at lIh? 
iK-nefiriaJ ulfwt dnfinitoly to be rhut tbi? Ene, well-npaftfii bulvhle* qf air impply 

toaxn^ater tb* air-rnflliiotii Mg efltwl fharaetfristir of the partially filled rajalbirv 

Cupilljuic^ I be pturfaa' an.- larjpdy filled with the briiw^tbi^ rbw^d 
air-i^ntrniumi^ut bubblies nrwr afo— tior do tb'y fiueilitate the of brine of mniHsttm^ 

uithin or tbniU)(b tb- eoneTeto. 



Tin. IT. CompHriaoiiB of *trt« 9 ~*triiin ilimfra™ for drilled ^otm kming portioiu of Lnige pi lieu- 
iitotiD iiM?lllriociir (/oim Ein. E:rfd. BuU. Mi 

.S!|rH!f-.Sfrq]n RtlolWHshipE; and /'otMOFp** ffofio. AkhoLl|^h EHiOerute is 

mueh wwBker m fen#loii than in eomprefLdon, it a^n reftetublca other brittlo matcriubc 
in hiiviiiK Uftiflile^ flesiirnl, and rtimpnnHiFivi- msduU of eliuitirily ufxiut equal and lla^ 
fthearinic Uorduniiri mtHluIiui abait fi.4 of iht; othi'ru. 

Jn aplR- of lb.’ gn'oT raiiiti'i' uf compnitsivi:. :^io?nj 5 ib Ei^JtaiTifibli' by varidnir the ix-mt nl- 
water ratio, aK)l^ and ouriiift. ihu baj^ir or qiuditatiw (^tif^tswitnun biKavicmi for HUfb 
different stiroptbs* of «>nen;^tv an- virtLially irionlieab a-* ii^ shEJwci by Fik?. I5b ami Ifib, 
when ib^ iiln*¥MtrHjn enryt^ an? mjp<.'nnip««d on a pereuiitjiBv b^ew. On the otb^r 
hand, vaHalion ill nin^imun] «f cHJoim- kvihb t^i pnxluco Higniiti'anl 

differentia# in fundaimnlul fttneiMrtmin action (Fii^. \76l 'Hie rtress^nun btbuvb^ 
in cotnpre#}43oa diffofs bask'iLlly from Ehal in tension, Oesims imd tomiEjn iFif . 18 ^e). 

Sfiinc of the earlier tesu gjvw vdoL-fi for PcitfiNjrL^» ratio rj* low aa 0.08, but in the 
light of many HobsKiucnt tipata H ap|H-arf> that Poif^on'e ratio ftir concnjto nu^iy if 
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fttlb bt'ldHT D.ie Biiil timi (1.20 » gmchd os an viLltR% Thw iiiw Garlk^r mtiiifs 

wvrp. pnittably tliK 10 lti?l EoaUoii in the latcfiil stmin di-'vic^a tfai-n ^inp3uy«.>d- 

Ci^Jpdrni tff Tftrrmfl/ The eoefilfient of thtTlUul k\v|]uii^uii Tdr mqrn'tf 

iri inilueiiJied man' by the ^han bj' the cvmi-iilj but forlotuileiy vatui^ far 

bcith n^menl antj li-fual art^ near enough Id tbmt for iteol id Tninimw 

differential lemp^^raimv fftmiiM bi'twiim the iw<i hi reiiifereisi eonende ranKtnjehon. 



Tlo. IS. CnmpaHwn of mnipferMive. triudlfl, flc?xiird, and lontinnd. alfrfu^lnln rlkarnc-L^Hatim 
for emkerete. tJbu^^ E«f, i^rpT. SadL ISO, p, 

of Wrjoftfwnf CypurreJ#. ConcreU^ in relatiedy h nit Ip and imadapted to 
murh different LhJ dUitortion withib a member^ iliwtrt roncrete cnnMtnjctioii involve^ 
of appnhL^bk- U njsih. urea, ur vuiunid-, and under catiditiow ef mowlure ehani?se 
or temiHpraluiv eariiitiDu I burn’!«likely ta be severe dlfferi'iitijil etmaKiiiic, Thi=^> vannUH 
dietchTtiaiiH tp-aupefi under the j^ncral term chtmgf coilthhiite mui'h moD' t(i 

tbc crjiceng aiul ultimute brcaktlun'ii of iDtMil roncrutu nwmtfeK t.hitn do thi- ttnwacfl 

ffcrta tbi> loadi! for whiuh thv mtnibure wen? iJiKisni.-d. Talrie 6 j?upplk« wne approxi- 
juntioiw indiratiiijc the order of iiu^tuile to be cxpoettNi from the buveuI typee of 
irtrnin to which concneie i* noTTnully tmLjeeted, 

Theai! (iRuh-e nfu cmtiely approxLnuitc Jdnee rach type of dimtwiona) rhjtnet> i" 
aftcclcil by Uj 9 owii ttiMorttneiii of pertjjit'iit fncloriL T*h<? viiliij.'e jm? reprvseiktiitivei 
however^ And should issisl ooi? to Riun & perspective ns rcRiirds the ivlAiive intportmii'e 
uf eertdn items tn rehitiun to olhers. 

In compiiHeoii with cUy* whkh may shrink or awell severaJ percent (12 in. per 1 per¬ 
cent per IflO ft) io FtaAioK fram the pfajrtic to the dry atmUlinn, I he leiiKtli clumRar 
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Tasle .5. Linear Stbai^t fbom J^nKJ>a, ^ToissrrrnE, a™ TiiWPEBAtt-liE 


Klaj^lic BtrRiTi per J.OOO pei. . . ^.-.. 

At proporlicinAniinU (cn>tnpresaive). 

At ulLiiuJitP 111 fompn^iuti... .- -... ^.. . 

At ultlniiiti- 111 t^^rttion.- -.-... - - 

ilydnuinii nwdlings, conlinurniply wiit. 

Drying iii ok (ecmfretp wilh 21 gii] 1I:C> 

per tu yd).. - . . - . ■ ■; ..- , ■ ■ 

Drying sliriiikogc in i.iir mixed with -15 HJj 

|W ru ydj. .- -. .. 

J^lHiSiir lluw {ereep) i$u£!tgirted etunpnssMive loAiimg is up to 
4 or D tiirits itiitinJ dtdurnjntioTii uckdtjr sMnn luudiEig 

SI rain per UlOT tiTnfK^minre ehanjup, . , . .j 

Ntint cement ut "'nnnruiJ eoUMiHieney^'' permissible unixi^ 
mimi espati^iijin or nmlnirlion (nutjoel^ve poimtljiuss 
tfwi AisTM CiSi): 

Pnril-ttml eemirot Types l-V (ASTM ClSO)........... 

PorTUnd remeot Type# I-l II (.A^TM C1T5). . .. ... 

Purlttizid blBflt-rnjTiai^e sbig eement C305), *.... 


Pereeut 

Inches 

per 

lODft 

0.02 -0.03 

5.244>.(» 

0.03 ^>.04 

0.3tH0.4S 

O.tO -0^30 

l.02-3,tW 

0.010-0-017 

O.I2H0.20 

0.010-0,090 

0pL2-O.3O 

0,017 

0-20 

0.0!f2 

1.10 

0,03 -0.07 

j o,3tH:».aJ 

0.50 

5-00 

0 SO 

5-00 

0.2Q 

2.40 


but in Iithis of I'uuitnlent thoujyni(iH of pouml^ per squafv ineb or elnaw 
wjim^ of the amounts nre larirs, with none iieglEEiblf. Structtuul-pnde .^eelp Alniwed to 
Itaj praperllojULl timil in i4!lusiim 135,,000 psi >, \m» bmMi eluiigiited 0.12 pc^reent, or 1.44 in. 
per 100 ft. Hajd-gmiii! elongates! elttstirally iil>otit twice this vaJi^c- Where steel 
is einbtnided ID eoncnde for tensile rtdnrnrri.TinL'ut it lb apparent that small lewile crack# 
wiil occur in the concrele at steel slnwwn a# luw eis SJKJI) pai. ReinJomMcn'iit (unk^ 
prealn'Swd) will DeA prewnt tht formatiutt of lensile cracks in roncreUs fur the conereLc 
must cmek lxfon 5 ihe stetd eun RKnimc mueh of ils pt^mtispible diidgn 

Ixmgth change fn»m *rt.rv*s (ekisLic) is a function of the sliiriicw of tbi- aggn^gate 
particles as well as of thi- ami'oi fiaste or mortar ntalriA. It in also a function of I ho 
amount of finding ur >iidding that occurs at juncliort# (cootaet Aurfaees) of the aggregates 
particle ami the matnx. 

r>?ngib rhanRc from M.iuratkm or drying out occurs almost tntirelj in the centfiU- 
water paste, jiince approved aggrrgrttes are re'lati\'ely nonabsorbimt with very littfr 
lengtl^-cluuiKi' tyffeet in pitssiug from w^ei in i\ty or ctr^' to wv-U The ieani'r tbt^ mixture 
ilhi! lower tSa- cement faeior) ibt- tts^ i# the distortion from moistum chango^ Note 
the ndnth^ely high |i-ngih changes that niv loh-raUil for iht^ nomuil-consiisriehcy mal 
eemctLl pttfle Ejare in tlM^ aut^wlav-^^ tent for ^cundm-.^^s i Table 5). Uf course, thi^ auto^- 
efavc jw^uefs man? tbaii a H.-hiLORi’ in moiiU-ure content^ m faeS, the siguihcaiil cEiangi^ 
are essentially cheniieal mthrf’r than Batumiienud^ The fieparatlon and coruicqut'nl 
cracking that oiM-tir in iwo-nwsc cumiEnjcthHi IkUwesui a mnrtar topping and amnen^te 
subthHse I for whicls the ci^miuk factor m alwavs cousiderably loweri i^ duu usually lo 
differential sm.'lliiig and shfiiikagCr Jn iR-ncfal, two^nirs*? cmistriictian invnlviiig a 
iiioriar tupping or surfa<s' iHiat shimUi be avoidi^h The lower ik' mtio of water in 
reUHint at any pven aRgn?gate wmu^nt , ibc Ii^m* is I be Imigih change (lu Ea? L^pcck>4], ainw 
it i# jirimarily thi' bus or gain of waUf I bar pmductv the HliFiiikjig)i^ or the MW-eliingL 

U ngth chanRi> fretii Iciupii'rHlun? is a function nf the cca^Hick-uts of thermal expemsion 
for both Thr^ aggregate# anil the ceiia-llI paste. Any coarye Oggregale for which tlle ther¬ 
mal meflicient differ* hi«hf!iaiittally from lhal for ith.' mortar In whieh it i& i-mEM-ddeil 
may cotiLtibule not only to the overall effect but also to disrupiioPi of tbi? concieto 
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CfiMKNT AND COXCilETE 


fnim rJilferentLsil tLn>yK^<Mjt ihi? ciuisf!. ^\‘hi'ri‘ u^miMrnktufi^ imn^p^ 

Ib t« he* fMEi^rirlirrhlilr ( his BsjinTt nihinhi lo (m" rectiKniitCTl. (Sm* Pw. Ad^ 

Vul.38, p. im) 

I ti Kntii?mJ ihe cJUimtvenithjn ittjil n-saKs^ fr«im any pLy*iinil or rhvnut’wi inst-iilsility 
of lbL> inifllf* or ihc (rhn rtrt, of wrHxh or clu-mirrtlK' r^fvrjivc m^rk iaitoss? 

a vr»iuLtiiiM:hanKn p^H‘noiTu*noi]. IVtiiilly ii (5 a ra^- n^tf-Kalo parficli-fl HwdliiiK 
find dlMnipltii^ thi* masw, (Midi siioh di!<ruptioft j]nirfi>dn p^*^p■^.■snivp■]y la- 

WAnS frotii i>xtxu^'iJ (jut in nonaiat^hY^ ur i*vi‘n fiuriy maKiivi:^, ■wmstrudlori tho 
diFniption tnay virtually peiwutr thr Plnirtiuu. Surfare map rnurkinu U- gent-rally (he 
iTPiml evitienfv of datikaKiri|r Ejdfpn'iiliat %olkiifii- iiliangi'i^ hTtutt-ii uioiri^gAie and jEuilriii. 

Tht* rf^fjr, iimt tfM, ar plttittii: florr I hat c^utlnLUs mi a di onraitirm ratt? iiEick-r 
Laiiufti loiidin^ Fonu^tinii^ n-iiults in ofyocTioiuible db4t>riion and n^dii^lributinii of strvM. 
On Ike (iita-r IuitkL the pLarftte jicSijing b fr^^iasitly a lioniga iafluLaE^ tt ailing toward 
Dttvss tvXi-wm Hjiil ni'diietkpii in etsnoenirationii. In a n^infrux^-ci e^>n£:n*tf* rolunin uhn-m 
tiri-ihg hliriEikuKi* and pltu$lle ftnw tt'ill tiKimlly W present in INl’ roi’Lr!it^le Ki!mn]EantM>uiily, 
the shorli EkiuK of thp ronert-tv nniy traiL4pr a lu-avv in[:it>ment of Itwitl tn the 
liidinal sti^l tfvhjcli IntM on tNrcjtfioii boon pln!f*:‘tl E;tiui|jn'SHivi ]y to or ntFar yield 
poitfct III ati arvli dtkm thr? conipit^ve yk lding or fLiESoning of ihr arrkt s Milk'd 

In-ad log in the vertirad ranliiover ek-iHE-tkin. Camprei^ive IhruJ-t in a pavemonT nlali 
o^lio^Ti^ itftdf in rmrt t(irnEii;k pljiNtif! flow. For ertht-r lypt-s of iw^niU^rs, as an LHolatod 
binji'IiifEira^Ef jdrut or U'uih, thi- time yield may rurur willi ui-iiher load tratutfir nor 
si In rigid fitmu! constnjptioRt plastic flikw {<'n'f-pji al«ayjt ri>^Hult« In nYlistri- 

button—tk'inrolpli'+ iruni-tjmi-s not. 

Lender a suslaiafd given jntfnFity, conenne may difotm jipvctjiI lina-s the 

inlliai di-fihrrnaUoti, i-nju-nAlly if the iMnirn^lt^ is sulijcct to lirying nkrinka^- as it sListaiEis 
ihc lipJuL Thus In ¥i^. ID its? initial ikfomintion utith r i|n- ymil fwi loati omld be es' 
p-rUNi to approximate 0<Km or (0.03 jk^rix^at K w lien as I he rroep that oceurri-il during 
tjtH^ days was more than four limes ihiit aEimnnt (total ileformal inm, initial filua cn*ep, 
mf>rv- than tink^s.i^ nlitput bjf nf which oi-rurn-fl during The first luonlh iintk'j' liiwEi. 
In oiIh t w-ortLs I month utiiJer tk- inisTaininJ Uttui addi-^i lain* thi‘ nimiunt of the inilhd 
iluf4Knmtinn, Figure lO itciwerl shows th»- cna-p to Iv altoul pnifKirtloiud to the mag- 
iiitudk- fd (III- IijbeI rustaimfi As in the ruse of strength, the wai. F-ccJni*nl ratio of 
I he etnitfete has an important iK'aring; on the nmoniit nf en-cp. This i# illiisix-nu‘'ij in 
Fig. 1 S> (uppT>. 

\'ngi hm denKinstnit^'d lhal, for ccmcn-te miifnrmly dry nr UEhiformiv njobl through- 
imt Ik- cnji» ft'ctiim, the fm-p linif.-T ik- jiui.tiiiiM'd hwi L much U-kc tJuui wk-ii iln iuif 
tmt bi in pftjpnw!,, w[tf thi- ciuH- durinu thi- ftrai f,-w w.^-k-. i.r ti^ulittfi f.,r ihf coni'niU>c 
of Fib 10. Th.' iHH-quol .Iryiitg cliHi.ktw n k-aju-i. k pnrlioii uf tk' w-rthm fi-nm tiMUiibinB 
iu |ir«in)r(i.miiU- .-hnn! of ibf IijaJ, oiihl lk-iiitciiwlyurii».liti|{ijiaMt'o:i«iv!-K-«ugiiii-ut«i 
ovi-r liilli-n nl |.<Jfti(jli* (jf I he pcctitiu, pnvlm-iiiK gn-nlcr .vidiliiiK thttii if cich pftrt hhil 
Ln rt^isl only the average stniwi over the ek.-e(iDri, 

Chh-p in cuqrn-tt- W iliftih iinHl |,y (ht- cn!t‘|> ehHnM;li ri»lt» of ik- ftgSti'HJitq 
li> *UTM- i-xh'M Ity li-min-niluti-. A* w.iuJiJ k- i-xih-ci.-iI. *l(w-kiriJ.!iiiiiK cernttHn an? 
wihjwl to ini'rcBc«l envp at ™riy 1.^1». Cohcn-io .-xhibii* HUiir ix-nivcnmce upon 
n-movai tif ji .iiwTajiii|ri Inml.^ Tilt- iiiin-u-iliat.i n.'toiii-nMtft’ upim.xinuili-p (In- initial clHatic 
ahnrl-litnf- di-fornuiTk.n. ITi.-ra k ft hIlv. alight luJililtorial fii-tifntion. 

On i-xpcwurL’ In dry air, rtim-rct.' 1o«.‘c imciimhirMiJ mobuuiii- at n J.-crvaaiiiH rat.- 
unlil nptllary L-quiJiljriijiu wiiii ik. ^iirnnm.liuB almia-pk-n- L* approack-l, If the 
HurniurailnK air k-i-otm-a irif.r- Imniid. Ibc nmen-t.- r>-tak.-» mtiktiin- Hnnl a«fun n-h-iiHi. 
Minn- Ilf it an tk' hiiiiii.ltli diN-tim*, TfimuBlimii a corii-a irf am-h altonialkiifl, (hr wi-i(iht 
of thi- roai-mti? maintainr a lui-ao Ini'fitl upwani, imliratinB luiitinniivB hydration sT'k-n- 
irvrr tipportiitkity u|Ti-e>i tk-n."hy jErailually iarnifu-inif ik- aupply nf ck-mittilly hi-Iri 
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Witter. Utuk'r sir «t iTiliintry ttMiipenttutf. it iti LiHiiaJiy wix^kfi or ewn (nouthi* 

Itoftin' efiuitilirium fur it (liven hutiiiiJity in itttjtiiwd for seclitimi utily 3 to in- lirroi^i, 
tin the tfllwr hnml, Iwwt conm-tt; Makf up wster mHJl.v Ai'i, in a driwl-tiul 

fi-in- by I24n. ej'Iimitipiil npwiiwu bwoiiuf li> virttml ptiuilibrinm diiiiiiic 




EFFECT OF water-cement RATIO ON PLASTIC i 

(CorKrirtB mit and applifi^ Ic-pd canstenf! 

FLOW 

1 



)nt aTHfy tt'fj 





j 









--^H 




SOi^wf, 

- - 1— 









’ttySr/K/i C5pns/r% 

miM Wim 
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\^Gi^pSf ansi iff ^ 

CifJ^r 

im joo joo , ,«o sou 600 

Time irtdovA after B^tlication pf bad 


1600 

h40D 


3 aoo 


EFTFCr Of INTEMSrPf Of APPUED UDM ON PLASTIC FLOW 
<C{jncre>tfi idgtrt^&atji 



1 1 

SiJii*rif»tisl laat^ ${!0»ft\ 



* 




1 

1 





1 




ffih^hn 

[_ —L_1 

\i - 

i 




Jfer pCf fMlf}: ^ /i*Ab 

i I _ -1 --L 


tOD TOO ^ 400 500 

Time Tn dloys aftfli" epfilfootion of loftd 


m 


rm. in. HhUc- flriw M olTi-rlPit wdE^-r-r^menT mUi^nuil iuiximly of 

ttniicl 10 , El. 27 . ¥m 

oEdy 18 to 'M hr uf imiiiiTHiuii. Fnr i 4 UL'c™<ivi' .^riftkiTijs rntd dr>ifiif period, thi- 
rLHii^nU^ mskt^ ftrprtn wJuU li'w^ l»ui rt-tniiw ^Minu^whttr iticpei- nioiBhin- i^ms^ fnmi thu 
pix-vi-nw r>Tk. TIi-l- kf^^h ar vrilump cpf L-ioiin tf ^-Eim flfp»»iiliii 3 £ty, tht- 

iin(?n"4U»€r WiiiR iHimftimi'ij oat 

* Thtt bi liiinrw, tnil HUir upet^n E«»r 3 i»J" * ^ pTyprwipiifp' of aiilElh i^erabt^ 

inw a, iiMumm, inIJ ^ ^ H ► ^ flhriftki. nipiutr cnn-k^ mxr fihniifd nf *ub*THcift fwid 

^ Itya fcfilM dwm. At U».P TRI f^rtTiKt-fi fhi^. IlMi rrurlu* Rm tb» 

RciiriHi beihA |«r*ji«™dVe ppnj CTintinnkrii lunji IfP u! tEnipWfiiHirr lapd gr TIMHUtun. 
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^lCi. 2n. r^-ELj<l.h- nini u-L-iffljt-f^hihiipc^fliaiErjiiiiA fcj# {Win. Ij.v {Win. hy 4EI4 pi. iH HEikP tn r|r> ah fl(tor varinkiH EH^rnHW inmmi 

purjria. /'orjnrf. Ham Inrttl.. iv»f. {i. ji|p. fiN -iilfl, Fi>, ht4.k VUpw dfitei iirp fmm tikp iikiKlim^ fjf Fik t2 niwd 

in nnh Htniii tt^w. virtLially Jk fluiii niHirtrtf in ptiinll fifi«»iiLirn« Ik^viiipi n liJali BHrfjini^ Weight Jhnd li nKlF plkaiigyi, 

Tfuiii dni inn ftH- kmiuii « cj^npr¥-lrft -niiidJflr ln> niklurE ^ml W-sh in mu' iinhl rnmnint iJmii an- Ihfrtu^ j^Urmn in I Uih fipjun^ 
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I'xrMiwii mnrn'ti^ f^rfAjTCKi nit* mn*]y in miib^un^'quilihriyin with thu mumuiajid- 
Li\|{ iiTiUriiflphrrr', thi y an- mniinimlly LAlcins in or ro|rn^'in>^ iiv>wture nml trmljiiK to 
rx^iainl lar wyktQiri with Tt’i*piTt In thf nmri' (*i*hS4' nhiolJL^cl of I hr inU^rit^r. 

C(ji[iprefij nf MimSI rrrfew sHrei tnn <Jn n-piritty i^ppnia^^h & of uiiifortii m*^ 

lun- thriHighoui, and Xi-^ir ^how ihtii %bi- tr’linnst'K in Inigth paralh^ thi' rhuEiKi^ 

lcl mob^turo conToni hh inilicAtotl hy wk^ighl, Tbi' etofti? (ign?rDii’nt liolwtvn ninb^lun' 
c-haii}^- and K^r vcilunuM change 1* ^Hhoii^n in Fig. 2(1. Tt ap^jarual I lut inrTV4k«4j>E| 

juobi faring prior to a drying fjf|xijqin- rtyaidfl but Joe^ doi inhibit or uppti^Uddy 
diniijiijah ultLinatc drying s4hrf[kkage. 

In ctiiiLiiHjn with any iilhiT ^olid^ a brtdy of concn?lir *ubiiH'loiJ umffiniily tsi liw'rjdUiig 
or t^htiiikagy whi tln-r from nioii^tun? trr i^'EnjaTatiin- ehangr would, if wholly nnn^ 
Mtraiiu^d, n»r<pond without fjtdnift thorfbvr For a momlxT of mtL\ rjcU^nwl aj^ 

widi ajc aLiiognnmL^, t^lowinducing n’£>lraint£ art" !nvariably tuvAint. Thn!$ far a rmye- 
nioot slab thr tKiltimi b H'Von4y n'^triJra'd hy friction with fhr ‘‘ubgriuh', lla' omh or 
lali'^nd by ihi^ I hruj^t ikf tdiiilting r^lat^ and nirli<4. Thi^n^ aru aicci iiit4;>rtuil raint>^r 
As ^h^^ lop surfavo is hoati^L or wotti-d^ its oxpansi^x'! rusporiA' is fosistod by iht' nn' 
wiftttd unheaUid roiirO'^Co iiiwstd from I ho surfaco with ibo Kana^ wt^nmcn* Ir ni‘'Vt'r':¥ 
upiii drying or roaliiiK. 

Tht^ ramhiiiatiuri of a pavotaml roakeil and f^w^olk-n iiy n n'r^'Ul rain sLi;a?r' 

intixjsiHl Liixm it tliL' li^ngthiuiitiit fro^ni a hot riun that w^anuj Coniit bofnn,* it ilrb^s a|> 
proriably ofton liwls in thi.' wolbknuwiL blowiyut phonomcnfiii wia^o rap&nsiofi jointa 
Vljo absi‘n|^ wjiit'ly ur i'hkjq(i,-d. fJr^'tng and iKM>]iFi|i(. prudurr tracking 

wfu^n^'viT >uliKnii:io frirtiEinal M'sbtaiii^v or i^thiT ri'^streiJiit ihi*^ lomnili^ srtn'^tigth 

of tfn’ soin^r'-'U"- To avoid torotilo itacklng^ under awraitr conditiuim of ^mbhaMs rirhTti’,^ 
of und aiocri^ato typi\ omtrafiifm jH>int4< in plain fcmcnUt? wauhl ntanl to bi- 

ki'pt k'w I Kim 2fi ft n^^irt imd Hinges^"}. Tho dilTi:!ri''utijd or antogcuiouH 

Hwolhng and shrinkinK prislun^ furling or w'nr|MJig in iiuch jiu^iiilH.^rs as pavt^mcnf Mlalat 
and vaftauji dblunions in othi r lypt's of niomlwrs. 

I! a mmtla'r oontains stiad rtdrifcKrix'nH'nl nn sfiious n^trainl to tompenilurL^ strain 
is offi'riHl tiy fht- strtd Ux'auM' it lu'atji ns thi* surrounding tnuicrttf hoits and the two 
exfiafisiorLs an^ afsnit tln^ .^nii% Thn b not iroi', howoviT^ far nioisiurt^ volunir rhangi\ 
whii’h alb^ts till* funcn-lr but not tho stwl. Sijni4dLnn># liw^ n'siininl hy rtiiti- 

fnjrot'iiw'nt is iiMjrr disrupting than iW utin'stminml volume rluuige tbal could havo 
occurn'd wvn- The stol run prt.WEU. Fnr all i-KfioMHl surfactw and oomers^ disru|>tivo 
wi-altaring ffleets from fnwc anti mobtun- an^ ovor pn^Ht^nt just as thoy an^ foi* 
oxjKHHd natural iHslif^ of siow'- 

/fruf <if Ujifiimikm uttti fMrr Thrrmnl Pfit^MTtten. For nisssivc cnnrn^t*.' const ruot it^ti 
one of I hi' most im|sortani ttf ibi' ilbruptivi- nguiiEii's b thi^ [liffiTontinl utnpt'ralun' that 
ri-sultn from thi- ihcnnal hntt of hydration. >ifrt pn-muit at (liai^'inenC the Iw'rtt wilhin 
a fi'w hiHirs Ihgins to build up cmnulatively in the inlerioir, whuru it js not tlk^i|«&liHl, 
Hrsi swelling I he niasf* and liMiding to dbrupt the ri'i^efitly luLtdenisd runm'te. Frmii 
that singe any Lnrgo eonrreti' mass umlergra^ ihe ha.n]e evrlr im ilorri a largi.^ n\idal 
easting in rtsding. Ttu' oiilsidr layi-rs viHti Ursl. shrinking agaitkrl a Warm iinshnitiken 
Jiiaiidn'l with eorrL^pottding telidem-ies tu erack. Finally the itUerlor ciHib, tending 
lo shriiik and |iidl awny from an alrendy shrunkvn exleri^r shell. Prior to the roiLitrut'' 
tiofi of EliMi^vor iBniilderr Lhiiii, HUch diffeit'OtiftJ tending was invnriabty u sikurei* of 
tnm-h wrious rniekiiig thnjrughoul iJjiins. VVitli ih>- ivIvi’Tir of Fbhivrr I^atn, tni'asures 
fi.kr eijnlrs.i] were evolved r They arv: 

1. Kia^p the iimk'Ut factor ifnr El is ihe ntnu'ut tlini g^mi^rntvi^ the heat i, as lirw as 
P^KSsihk by: 

a. Fslng aggregiito of the Ik-cI |s^‘^ildv gmiiing (a in ini mum *A llk.‘ LVun^Eit 
nt|uitfd). 




CEMENT AND CONCRETE 


Cinwiiim up lo iho pc^rmiFi<lhl& nuuiDhUiu uLie {if (rodpcpn 

pwrt*' n'fniirenw^iil u 

c. ihi^ wfltLT"Ct.“mL'iil tnUa hji low ^ ij {^inpntibEi^ wixh jirripifF pljirc^biliLy 

(«i \aw M-jitcr-w^nwnt retiu n.'<|iib'« kw ci'nid'Ul for tt Riven ulr^ riRlh). 


2. Xj$tf ppiTiiLl luw-licAl cKtnent iTypc^ I\') ilL^vflaphl liperilirally fur miMitjrive md- 

or mfxlifacrd crtcu:iit iTyp<* Tl) um - |■Hlrttmll^i jK»Exo]}iii or replnr^'uient 

bk-tiiltnK {m &nil cSuIjai ilutiLnu''). 

3. Carl tb* coTirnete in bloeitr nf limiu-d rw mhJ rinrulftte enxiiiitR waler throuiih 

pTOi^io-Linly I'tobecJde^i tht^ifhy eJiErAciinss thi^ liint unifnriuiy thruiij^knui Xhv 

mas? ft0 hvTkt ir RemiFalfHl. Maxiinuin b'sl ilifTen^ntialp. ran W hi-EfI within finy ikpirt^l 
ninjsK- by contmllinK rpndnK uf I he pifu'r, ihe opiirntkvi, ntiJ n^Kuluting 

temperatun:' and rate of cirrularion nf the oMjlinR waEer. Lateral iliniLinrkniH nf hkhc-kpi 
tniiirt fm nnlfipLi-nt to provide Fhrinkagr vraekfi betwi^ n mijarent hlnckr witU'- i-nough 
to admit, the pT>--SflUFe RToiit that fiiwilly unitrr jvijariMit blookft into one mr^nolith, 
A few hundred Ebi of an hich is mfEeiint ufMler ppoperly cotitrulk'd eonditioinF-, Fur 
Hoover Dam heif^ht^ of tontitiiionr pmjr wvn^ 5 fi, lalirid dimr 0^10110 of fcjliM'kM were 
25 to no ft, aHfJ ioopfi of l-in. H-Rafp? tubing 5 fl 0 in. cii» oent-tr wehs laid on 

Ihe flurfftco of t-ach 5-ft ilft. Cireulation of «H>]iiix water, Jimt aI riviir tcrniw'mture 
fnlKsut 50 “"Fk war rtartefl n? miyn nr po.^b!e after plaring, tUfrijivnUi-d waMt wn» 
n«d in a finaJ tir reftmd stage of the lonliiiK. The few (54t) hrighE of pour permit led 
ootiriderabk bat loiw by nwiiAtioii up to the lime aiiolher hft wam plnred. Even for 
lb' low^-lkeat renumt and rt^latively Iran rcdstun' um^\, an i>?qxieun- 3 itavr to air and 
tmrfaw rijrayr would {without thii anifidal inMilinRi have r^uited in a ii hijaralurv 
nm.^ of 47 F in 0 to 12 monthj) (intJcli higher wilh oniinnry wmtDl and a rirher mixture). 
A Iffnlay ev|)cwtm? Mncn^d iJie kuul on tb iMioUnK «yHtem roriMdefalilv; tb' ^ to 
t^-moTith temijeratufi' rbe wnukJ have hut 32"F al^^ve lb- Not more 

than one 5-ft lift war pL-mditH during one 72-hr ja^riiMi or mun; than 35 ft in depth 
in 30 dayr. 

Ibider (he Hoovtr Dam ^timuXm eTleiwiivf aiming txmtluetod on thu thtmial 
prt»perlieA of ooncitto (roiMJiKtivity, upeeiSc heal, and diffuaivility). Figure 21 jihnwB 
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Fifj. 2t. T«n|WfEHire lim- 1:1. h.em,™™!* u,, lo 'iS da} . fiir tlilTiimit ij iwa artv.nlEn.l n-m-n. 
r.t>rvrl* ™nlEin» I bhi. <4 of ,H-r ni y,l. fH..f 1(1. p. «Tu, S oiwrrfl; 


raw obtairiMl fmin ruiw euhcn-liv ur thi^ Kvr n-cuKriiiift (li ft.tiM.nl 
httv-ing the hpEl* of h^ilmttun jht grim indiL-Hted in Fig. 22. 







P^iRTLAND-t’EMENT CONCRETE 


7^t 

Fct ncmnuuMi^^i i^nnrn-le HjnJ*jriirtinn the t.hi^nrwU h.*nt »f hvilraiiEm n ifiiflurhiTiij 
h iiHuttEly ru-KlIgihIr, nncv iht' hi^m i* rtmiJu-ri*^r| hi thi' ptirf^jn*!! imtl dSwn|iat<Hi 
L»i^fofD if ran builil u|i tcmj«‘nitun- difT^'n^ntiaLi withiFi thi* nw^. Not only 



Fici. 22. Hr»B nf hydrafiiGn in riiiyriip»t ikt grtirrk fcir t|iff|irr“rn ty|H4 of jtonlftml Mmcinl for oflpp 
u|i tij 1 ymr [Rpf. lU. p. Fi^. 2^ Cupper} t. 

iji> ht-Aid of hydtniioii vary ftjr the fivi' n-engntW-Hi portljind but the fate anij 

ejftenl of t^tn^UKfh ii^prettm- vary for tiolh etam^krii nirinjE and ms^ codiAhAlit;] rtiriiijt, 
m shoa-ii 111 Fijc. 23. 

Vttlutm for flptfnjSf ftfeif and tAffwi/ji mntiti^imirjf fur ciitHTri'le jmi [til1iJrijrLC7ii'^l i^n.'ally 
by I be kiml of si^n-gtite. proptuliom nf ibv miiclujt*j and ilfi water-ei'fnent ratio, tn 
Tahli- 4 ihe ttirminJ rnmlurfivity for the moAP eotirrete \» i^huwn Id he Ji'eldccity hi^LT 
flian On- valine npidirnhh* In huihbojs rnneti'tTV whirh hiu a lower iLti^ni^te mtiiii aini 
it liischijr wjiter-eL’iiieiJl rbtiii. 

TAp li'ufiT in ContTfU, Thi- water in ibe eemrit-te eervi^ n dual fiinetickn. It firnt 
eotivetip I he 4r>’ cn-ment and ug|tri^gate intn a ido^tir, wiarkahle, |darii.^b]e mn.^; it ia 
the lijhrinuit tw vehirh* thal earriifi the polids- Oil nr altnufn any other fluid eoiilil *>efv>T 
tliLi! fonetinn, hiil it uiriilEl not pnalu^.1' eonpreti'. water mwMt aJsia iptemet wilh 

the cejTH'rii fbfciinLicaJiy to form I he pnwluptjf uf hydration. 

H>*dnLtinti [3 cmpeiitiallv n t'oiiihifiHtUni td ri 4 format idii arid erh^j^EoJliicaliLjn. Am tin* 
wntiireomi^ iti eon tart wllh I hr eemiipt fiafiictep, I ho outer layer uf the evment Kfain Im 
pertt'iiLaf fu rc^riii a |teL The imkTi i>^ni ok |in:igri‘i4^jvely inwanl, but l ln^ layer id 

gel a|]fpi-are 10 reiifrirt |pfie'tni[tii>Ti uf Einib^ture ami the raCi' of fH>rmfltinn Ipivjnitw 
pirikgn'aiiivrly nlotP'iT. AW hut the fiiii'et uf ihr ivmf'nt poiikdi^ n'niniT} iinnmiph-Rdy 
hyrlnited f«r ifnli-lfpitely long fR«iiodp. Thr Eleley^H! hydratbn art^ciunlp fur ihe 
ei^mi'Thling rpinlitiE'M fimnd in it-gnminl '^by^lreiiB^d" wirHrnl. TUmi abw hut eontinulnic 
gain in «treo|cth of miien'Ce for yeoni, nndef tnEiuC eunditintw, h prolnobly d ue to I ho 
Oibieri R}'] fonm^ by iJse groiluitl! di4*p^r pE'ntitralkKi of molAturu ialD the raiment graitei. 
The aertw line erackii nr the weak kndt [tig of fully revered fragraenifl known ob 




























7^2 


CEMENT AND CnNCRETE 
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Mil data 


Max silt 
OggregOtE 

PrapartiOfi$ by weigbi 

Cement 

Sand 

:Grav«-l 

No 4 

1 

29 

0.0 

3/4-in. 

1 

2.45 

2.75 

, li^-in 

> 

2.44 

3.50 


W/C (oyweighf] vor^atH# lomamtuifi a 
3-|n. littJinp for rift *iJh 
tnQx. a^QF^gaig tW/C vo^itd from 
0.50 to 0.57 tor Iht carnent^ 


Age, days 

StsEidard curing 

Conllnuoul SfOrngE at un&ealEd JpJCimeni 
in lag roam fnainfolned al about TO F 


3$5 



spBCimerii HPied m itiin melol oontaineri p^d iforsd Jo odiobatEc 
h" teinp.mt.*r, cycle 

for 2S doj^& nnd ol 7QF IhEftotlEr ^ 

r^;,?fram Ty,j« I 

"J." JiVb^iVcuri^^ mir f >*» 




















































P^lRTLAH^ li-C fcMEN T COS c:H ETE 
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"Aiilrtg^nnuji Bnd thu of tidjur^-nt lirif;|ui-EK .itArki^l in th^ curfng 

lank eui^ niaiiirkntai»iu4 it! fhi* ^^mnlinui^ far n^uiThtj furinK pliE<n^!nu^m>n/' ‘ 

It Etppt^ri^ i^tAt. ihv ni thr tirtiii^nt Rlumtii exvri &n »in|i4»rUinl: iTkflu^^nrir i^n bcsih 

ibu rtiti- bJtd th(^ roEnpU^ii'iii*iHii nf hydration^ And thia^ is lriii% iFkdimtihd by '24. 



Kn^. 2-1. Etf«l o/ finimnaA -fjkT jffiiniinfr on rale Atld nnnHjnl of hydmtkm of neat cphii’nt, {Pn^. 
ACf, rtil., 4^A. p. 7lf7, (947, FUm. filn lOO VS *Wl pptwal. I7 percenl. Vi\ 7 pcrwlit, 
13 |wf(trm- Kxpcwure tor pxirw*kioii of free water *aa DV^r eomwtntralod 


It if* prrihKbfy bul ™ncE(iL‘nw (hai file auucititit of water n'l^nio'd to foriii a 

n-tjfl hut workable pantf* of m^At wmenl fiaiixhiy etiuii] lo that nectwary for E^&tiiplrti^ 
hydnitinn thr n-inent (Abmif 2ES pi^m'iit tiy i^'i'iitht or ti3 p^'re1'nt by solid tabt^olule) 
vuliiciii^ *), Althivugh the water aciijiilly takeEi into ei.>mbiTwlion by hyiiraEi^tl m^itu'fit 
w jndepenik'Tit of the jiiqjEri'guTf, ihe wRier ni-eetwiry ti^ piise iIm* niixtun' (to R^oppLy 
lubriratjon and mobility) inrrtft--if# an thi- Bj^nijekte inrrtTiw^ in cjioititity. Ttiiw a 
1:3 Portland ci-nicnt, RtaTKiar^l mml mixtun^ fA^TM CJ9t», rom'spoiiditiK to the neil 
ei'moEit nontuil-eoiiiiisl eney ranp‘, nK[iiiin.'a rrt>iiik 3(S to -(9 poiri^tit tif water to Vm.'ouitm? 
workable, imd a lean tonm^te tuquini^ a wati^r-pensi*nt ratio by weight uf 

pTirbap^ Ml r^^ri^ent. 

T)u^ mtjn of w'ati'T t(i reirveoi varttiURly I’xpri^ss^il. ta llw InborBiton' (Iso ratio i? 
uxuaJFv by weighl and tm tJn' job in galloiH' p'r {M-lb of ei^na^nL Tbu {Ptiginal 
waler-remorU ratio cvolvt'd by Abn&m.^ in UH8 wim by ev Haekt-d (tW 1b lo tlw 
h*rk) vnlunn:-, and I be Fatio nr inverse ratba by «j3kl laliemltih'k vnlumrtv of TaII hpI hjieI 
Rletiarl tK n nwkn- fnofiami^ntal basiH fpir I'spneft-doh. Table fi ffupplieti data for muiiy 
etnivennuriR iMd wtvn unil^- 

^ Aulc 4 Enat 4 A hmlipiX IwknArkiLj in □iBn> irf ihv •ri|4irAtKHP *A runiwLi!- wlirrr tTAdi- Aim? rnrkiaa fmiii 
pfirinJuu# of >i?V!>mttM liar- iriViimO. nJtliiHpiiL tiE u imje umroihaiB ifi wfiifli c^kscmui vp 4wKn feebount 
W^wjlil PinfhuJj>^ bt tMion. FoikiwbiK mir PI fciifififiH' uii«n^l.WiM on iM liTWlirii|L*i'tioil, A tldly iSpvrrmj 
PimL rerurjit bivitiht lepiliiia |Mi ml A dHjn. fii4ct iraln a rilbiirr Mria iLnd rtlainufT:^. |‘rp(cii 

IZU'l |«1 3.4 JPJiWPlllH iMil«r ■hil fhO twi^ Bl * Olipil bnwkliip nl « ftl** Ilf lA pfwjqlJl"- A I l3l HtJiailaHl wml 
hrioiurt [fwE«l L!47 |Ki nt .1 dairii asid l-l3 kni kl Smt ppumiiMu. Ilrjbckrdp tif irtlint boA^ IpHijijnEi nM^v^ird 
In* ■ 1 UUU 11 I 4 ; ailiny kbijWfO pp. very IPIIPiP bul uirmiiiiiwtilt’ 1 uJh>*pi^ id'bsr Ui nuny an lii brrailLt 
Pt- II. EK 5V3. lfi2U3. Ciiiiifjettwivp rtMifioim* m ibr ulUMuH-t il " ilny- PwyM’tiin# reiweeJ iEutajqtSy 

kl Anil dnif:i ui tiwit to AVmd AhBia7nii^l> ersOllarU' ^!3-ib^- *IinfliAtlM ^ll■llilff tlMHr ol! ^.‘A-iIky eoni- 

I rt-iMlnii ipm^kiiinM ai^P iareviirTiu<ky lAilim AST.M. Pi. II. I'U. I^JQk- Ahrurui fjittii eCvnptitnwiTri 

iniljiix and ■ tvUii&fkililr i^K of flplilPiJ hrtikina * nrJdet? riratrf I <rf *n BWbL EhrlrV ikT ■ bai* 

NSIrtae nil tiVwr. .iCi, up, flM-EEre. IQIiO.!. LcdH? TfcinP!? reftrirli^d ufi JumhiiX J In EmLM.tKin*l 

lur 'I'Btiiiii Optuensi*. lepiuibt), pri- 19371. deo t-^ijer ■ntl J^te. ACJ, vdI^ A3, 

IV IIM. luait. , 

* FiJit tirjrtikkl rnEtiulrjirjr t, A,STM Cl mUd Cltrikk til# TWEv h lA Cu 3U xW bam}4 Pf aiaiEVa|«br- 

kblp WBtrf Mk virOlBliy IL* Mmnt^ anfimtJ pmuct. 
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CEMKXT AND CONCRETE 


TaBI.E 0. C0^’VEHSIO.V FAtmdHS for Watek-tiiment (Iatigs 
Nots? that wmpnt-WAleT ratios are simply thf rwiprwab of the eorrtiHiiocLdinjt waU-r- 

nilioq 



Units in rommcm "me 

VVaD^r-renient rntirw 

Ualbni per 
bug, Ik eom- 
man job Unit 

IkAU] kfWEV 
lute) v-nlsjcne 
tapLisrox. »/c 
Talbjt) 

m 

Iamjse^ 
Vhluine 
torigiiuU 
Abrojiia 1 
unit) 

(r) 1 

Wd[tbl 
i jub atirl 

1 labnraLery) 

I tdl 

i 

tr/rp gallon per bag. .«*. 

E 

0.27li 

0 m 

il.0»T+ 

2 

w/tfp solid voltime.. ^ ^^ 

3.^ 

1 

D.47D 

0.318 

3 

w/e, loose Volume.. ^^ ^. 

7.4S 

2M 

\ 

04>U 

1 

ir/tp Wiiii^bt. 

lh3 

3.15 

1.51 

Lomi 


T*Ur cvtiiviited aa Ih^ fauu of Lbc fdlbiiiviii|[ BMLUrftii or LUiiLt vaEiu^ boli-^n^i fitfUMi 

■JTEI Luir uiiiEiifitarjDi {^Lhwr nni n^tnEi^ilnl fpiiiM tluff tiJuiM AMitlbrd 

1 cn it mAimi ««l|hp tl.4 |b lin^ 7.49 III. 1 jckL wnif>r A.^ ]b, I, &u ft laAA« 

(m HCh*4]l v«llb« tl.e lb - 1 bfl - bbi rtmujiw U ITS CIL fi ul *i>1hI Enrtldnp. Sf^^rltk ffTjvltir 
&t teek«at K i.iA. I rill rt imUdr IvB.d lb aikd r^uiLiuna 2 m 14 ^^ c^r St.Dd Em It d-ur^LVjpi 

kKjpfc ria EAiJk lA afarkHl] . 

t-Mn uf Tabtt. All t'Alitin aUhie kiijf hqliit^nEpl lii}# lir^ WtltUalErtit lo ohj? ^uoLturr. 

Tii tM ni|iub«r i^l Rkllutu t^f wbicb cuTTiv[«niJ* Cd \f/t by wRlxlit 4^1 tJi.Tn, 

Oa liae 4 l ftJiatiM |el iod idl)^ tt/t uf I D ifcidafcit - 11 J; ^wi lug. Tbi^ m/e gf 0.“i3 ij^ wiilit - 
IQ.TdpJl.iIJi ■< T.yi nl |)rl- bmg. 

b. Tp iher n!LMii.t«r uf nlUi^M ii^r litEg E;jjrtTjrL>cibrEtiif tu jiE 0 ^ tw lolld j TH^birbr 

f/«? mi 0.^ " «/t nf /.UCl iijIJil yuj^ltllr eJt» liqc 5. cuUiPkEM {n} nail 44) ^ nr/f nf 1 ^ gulhl Vuluiog - 
3.5S gpL per fbicp w/r 2 HiUii vulmi:i« * i2H3 iWj » 7 IB gill i»r t-mj: 


fn g^-iier&l^ It^ than 50 jk^^rtutit of iha watiT in h ceiiieiit-wulrr jia^te or a 
ftjjgrefpit+^-wfttor mortar or contrLle ia avaJlahlp for hydralioti of iha- ceint-nt. Inliiaily 
tb*- entire nissA w iuiturmP4, vLrlUBlly aJI the eapiibrj^-^t iK-itig Til led with wjitt r. M ihe 
wiTH^nt. eJftrsntA frefl watt-r, the eaijillariea are juirtly emptied and rjLpilbry ti-iw-iim 
fm-ther eorrEwbrnent upon tV capilinry water supply until a eonditjEm of Liiiiiliiiriufn 
Ui altninofl belwcnn fiw rapilloQ' water and the himwi or cihemicaJly rnmihim'd water 
ap|]rft|irialL>il l>y tb' E^ment in hydrnting. The- a- ia rImi mmv ailifoida^d or Futfaa^iHainEl 
wulvT neither fbeminiilLy coiiil)itus:l insr in rhe eapillatiefl. KK|K-rtf an> ^hnw'4 tlial, i^veri 
for concrete stored in water tw in tln^ fc^^jr ruom, the eapiElaries it-tiuiin Imt partly filJiKl, 
a fisrEuimte eondiliEm Kince, iu' tnentionofl under iliirahility, it bt wb‘ii tb- liydraticin 
hftA pro|4nfBt-Ei far encniigh partbtJiy lu i-mply the eApUbrwM lhal conmto Iwcymi;^ 
rend-^niit in front E.lamaHiv With fill I eupillttHE** a eyeh? of fn^iEing arnl thawinis 
riiav- prE»Elnce virtual disrupt inn. Frwt u n^Lalively ijUkEKiuoLcs io cnneo^te iti the air- 
dry eunditiEin. U b pruliable tbii tb’ eflii^y of air entnuEimeni nKainst dlBniptiun 
tiniier fripeKing Fomhllona \g fekted to partly fklhKl (lati^lleu-y pb-niunena (w "Air En¬ 
trainment 

In hydratMi eonnTte, water i^ pn-^n-^iit in the tlarm^ f4»niw: {!> water of miifllitution, 
(2) nrliKirb^j waEer, aial (3) ntpiltiiry water, bul It k not yel pEissihle to de^tinguSHh 
cliwly iietWEvn llkwe flince. Oh dry ing. water of eakii{ 3 .!rhrfl 2 and 3 ta Nwt mmultaneautily ^ 
tiEjr ran alt the 2,3 water bedtiven olT wiEhnLit n'mnvini; aoroe of the wjHer tif eunjititution. 
Figun-s iiS iin^l 26 «hr»w, however, the of bvElration mul wllh added Efuring. 

the water ji n^tained with inrrt-ai^ing (enadty. 
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MpjfiFifl, wfliar, per Cftfti by wt Pf cemeni 


Fin. 25 . FfTe^l tif wsX&^-e&iwnt rnliu, jwrirwl rtf Si^-draLiaa, nnri [iryinK rati ire on nmw- 

tufi? n^iii4ird by Hi'fll pusnSHmi L-«iiimt mortur^. (/Vi^c, 4/'/, 31, p. 275, jFi>, 1.T 



TenTptTfflwre/C. 


2ll. EfTfTf rif! d 7 >'fctiii ti^Tp^rfiiurE' tiii walcr rElnth-iNJ by neat p^iirtJiiiiiii cdull^hI Enarlju^ after 
varifiLpi^ Eirnudp of h>'drAlion. ^'alrfHJrniOTtti ratio 0.90 b>' WSilftilr C^Wr A€l, fW. &1, p. 277^ 
Ai. a. I 


3 do)fS 1 ^ecir 
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rEMiS^ST AND (TONrHETE 


DESIGN OF CONCRETE MIXTURES ' 

Crraeral C^nslderaticuia. The iJi^lermlruitlon d reUltvi- |^nl|)ilrl[i>llP u( i^-titEiEkl, finn 
iig]gregitU% Piiiree ii|tgrei 52 tt^\ and water "tkn* lii-iJiicn a 

ihf.' farly iwn upfirirnrhiiK ta ihi- iksign prrHkIi'Eii htw laan arcHiixIi'^l 

an* i}w rntiu apikr^wi’h .^i+rnm* mni the viiLrls- 

raiiu «f Tahait arul Riahan. na-^iwmy Ebi- twcj mm h iti ri>[iii;Eiish hni tht-! 

U‘<'hniqL««f of wkkdy Tb^ vi]uh»<^:Em^EH rasie l>rc»ughl iu tik' 

etnia^pt of wjlid viduna'!^^iiiclL^|H>naal>k lo iht^ areur4de preiliolinm of yields—anJ has 
miitrihuEiaj kavily lowarii thy moti' I^mplele umii^tanitinii: af the bvtjSvial 

i,3M.‘v i'piiU'. Hiinms Enfl. Erpt. Sta. Bull. J37, llEJ3i. a working etilily, however, 
rhe viiiila^^im^tit ratio appruHch Hrtuiilly ru*ver aitaimHl }ii4j li[lkJlgl^ tin the olhtT 
kiuxkil, the w^aler-teaiL'iit ratio upprihaeL liaa [nvti widely prornotial imil it4inial to tb' 
ladnt wlit-n- tb? lirfkjHitlitiiir for virfually all 4'oiuTt't+^ rtkistiini* an* nrrivi^i 

at through oew hkt another of ihv sK^veral vorrkkiis of lb* H■aE^'r’^;?em^■rlt nttio triahljiitelk 
h-chnique mf nJcfitpi. 

Among the tx-tter known and mml widely einployiHj vi-rHifirtH of tJu* water-cemi»nt 
mH*y lt‘eh.niqut% a-i in the [-nileil nm; Ilk The two .\CI Cihiiiitiiiii>i^ I313 

n.-p(Jrtfi (KI44 and tllJHk^ quite liifferent [with ^ojne p(^h«oii-k prefi-rnng tbf earliET 
wnqonlit ('^1 thi} Ft'A prcmHlnre 4 ta roverx-d in their Tt2 aEkl Cfjntrol of 

Concrete Mixtures": (Ml A. T. GolfUMirkH Sitmr Htifl. T |;anii 44^ Ingi- 

Lyikj, Proc. ASTJt, vul. 32, Pt Jl. p. ti29, [WM ftxt. nd!^ hy W. M. 1 luiuq^n. 

Af 7, vul. 313, p. ISMOl i>therw with varying shluJi.-s^ i>f iJifferxMici.^ inrknle \\'ji]ker 
wad Bka-iu of I he X^iAGA and XRMCA, the Army Enpriina-r?, 4iEid the Master Butlrlers 
Ck?. of Cbvi^lrtrifl. Ileridti we draw friT-ly ui'miti st'X'i-rftl of th*'' wum's mi'niionp‘tl I>ijT 
tie elifat-ly to the Lyr^^-IkiruigaEk techtiiqin^ b'caum^ ipf tb- Himplieity wiih which 

il lenrJ^ its4,if to ihe niiinipu]4dio4i atiti ailiiiistint'ni of miTtun s thttnigh rerogrLixeil 
U4^ttiile jntorn^EaUiKLMhips bet.wE^^^M ifin'niiptks, w’orkHl^iiiiiDti, amt pruimj-iiury^. 

On tb-* Ixikh of pndLmiiiary inforrilAtinn mieh aj* Ehtil of Tqbir' ?, the di-Higner dvfi^liw 
up* 3 n the u'^rkabiiitsf nu'etskirLHl hv Ehi' slump i ASTM Cl 43 >- Cumillly the Hhim|] 
Lh Ihf iLctu-ly UEiiveraally um-hI measun' of wnrbahilLty for hold mn^rete but Eb- in- 
foriiiHtion ill Tnbk’ 7 eouUI W stlijulati'd in li^rm? of Row (ASTM Cl 24 , king eihhI in 
tb‘ latxirainry supplenivniary tn, <ir instead tif the sliamij, espeeiahy ori invi'scigaliimal 
work) or iu terms of tb' hail I tk-netnation text < ASTM C 3 fi*l, a a 4 alivi 4 y n-n^ot nii'asiiro 
itt workahdity tlmt shows pnimij^ of Ik-ing an improvonurnt rmy ihi- slump lint j. 

On tb' ha-i-: of information in Talik- IE1 or uthi-r roiitnilling s|»'clhcjitii>n, ^he di^xigner 
floHdL'x ujkiii the iiLaxiiiLum |-H^i-miisKEhte watiT I'l^nteiit jk-r of element» or if r^ln^ngth 
may povem, ralhtT tbiti tb? natutx-f of the hv will thin iEifrariniition 

from Tahk El and/or Fig. 4 nr Hg, 8 The r uf nny [wo indi 4 ^at 4 -H| water isjutenta 
|k-r aiirk will W u^^nii 

From Table IS bi clveUli«t upoji the rtraximiim p rmb^ibh^ fpu> laf nggn gaie. Table 3 
will Indirate tb* approxiinale aniouEd of iritKing water that will Eiisshsl p-r eubie 


1 Fvf Itiy tjrjjf i.r «>.rV 'l^inmia. n^kiwlinl dniT‘«wii>^ - j,,tp pn^tmjttluniBm 

ciHilUiiiff* U¥ Ih- tlfciiflh (111 th- iHrtrt ij nrritlPaT>- MiicD^Fli^al mini ipawi|irrf^ bnl iirtiftibdiliK K\ni lutw llw^ 
ie]4'n!Miua ini' «r rruly-hi^nl hruv^ m i-iHj mutk Ui^ iJ?Ef« uf nmlnil tlikT lk>il 

t^ Mill Lilli, tlir iir'^niiciii i.r usi«i jyfUml iiamis-oi* n‘«UijL«. n™ty.aikr4 ™- 

rirlf hl^ |»>rt:ilnM-- H ileipl||i|ii^| rkctwr HfeHlIi-LiuiLirijIlnl np[iLhiHjijki>- 

tlib Irw^iE dnli *ilhi fMturiTlP Mt hiL rtWir«riii|( MiBirrkI em, u 
IjkimuMrluml. Biul iMrr m pp.[iriuM| ■ mE4r l1 aE^li- 11| tEuii wilj. hjt Ihkir^Wi 

dPtniM maVr a m mm. w^itii trmma^^Ar M-4iraaj->. irwiltm t.ifThr .ii^l uiidn<i«nMi 

ly Of jTStfc 

Hbliln 7 bh It. ah' lAkm hrrWtiBU Iimil tJtp JlP^ Kt^lnrt i.E "AfVE Slan’tnnE nrH-didj.nH.iirlHrl 

l'r»rlJirf; fur Srimilii I'nflJurtfcUEiii fur CuiMT.-l*'” i.At:J eiJ-jl, IW. -irl vul. , 4 ! t.i. iHU IUVSi T 1 »v 
■ft- 14 derpw Ciwivtm lh*«i *b|OXj|Pri»l«l UJ |Litii|ht#i.| Irtiui. i.lh^p’Imi-lc™.pnil ^I'rm ni.lihEv iM 

llWJip *nXwr Tljiftl Ilivtoj Julnl frj^rr. i»rM™.pnu KHinm. ii-.mr.[> ifit- 

. euTivT^ntifroil Fw •T-^'inI' t>reLitini 1 m 

liilitwncht wazmin HTf IckNcp-AnU ^Ti:rPfPXfcii-i. .^fV xol. \t. |i. m.-i: 
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ftfl 

Fi«. 27 . Wnrkfttjilily lUufllraii.-*S. with iilmt'iihility nr moM iiicbiJUv, work- 

ftliiJSlt- mny bt? vi-^qiliipd ik* a rnmiJUNilf uf IrJttun^ pHu| ^Lkijji|pJ (£i|i ftiik'niMifliMl—httrah. 

|rjw-j*luiii[k WDcrL'Iii—Viilil iirunluw rouiib (ft) Ei?rifLH>rFki* 

umX KCMxJ {(KSEturi^ witb law aLumf^- workablif. Ui O'k'prKafiii^?!! - fpF rt*inriit-wisni 

mannr- ^asy pilwr. Jfi™ gtHwl B^urfnric^b UMy b> tv 
(rfi SluiBipa q( a mistUrt' of ntLfr, nunikuinH arkil wrS rkpsi^iji|c«f-Lt?*. 

Eivefl Ikiphtut .vietd ifi wfeirtp Ll ran k»p work^fl inlo ptwllion. Wul mi\ mny hr nmtwufy 
fnr ihiii wiiJ!a, (Mimi? r^i^hiiiirpt nikri tiitrU'iklo r4''itife*rn(^l t^ik!<trk|tljnii. 
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r'EMENT AXI» COXtllETE 


yud of tile coficrrte, and Trutn UiEn quotility ho oan dotormin^ thi? prob^ilo ro^uind 
Biicki of eQDtitLL pi-r mjlik 

If tho omturiidej air ho niii Tn^m Tnhli,'^ 12 the NQuiint ^?iirH'< 

MgeroEate that will bi^ nr^di?d. .HtnrtitiE with a MuitnJjle aim of liiitch {ih;fM'nding uptui 
whtdLor ihcj irial balohi-a iuf to Iw Latid tohod, miaod in n ^mull klicirAieiry mixer, or 
arc t* bo of job-siie pru|iurtjoiu) hi- will adiJ hm- aggrtipte in an ammmt to rtmur 
ihat the imxtLin: k iiutially "uiuk-ntanihd.'" Hy olu^kuii tipon rbo workabltdy viinmlly 
and by Fiuooi^ive plump menatiremoiila {$ 1 ^ Fig, 27 and Table 7) thi» midilion uf mjio- 
cewivo pniflU knoronioiita of fiiso Dggfogato will bring the nii^cturo to ibo Htnte iJi>ain.d 
iw mar ap may bf in the lighl of iho ppElimiiiary quantlly of cwm- negrogatc jpcloctod. 

Tabk 1^ provides an iniiicAthm of a cnkniiniiini pn^gmni for trial4mlc'h iktermliiatiunii. 
tX (xmnEe, tb? phonid bi5 fully n^priHi nlntivo uf tlitwe to lie umd on tho Job 

and they wilt proft-nddy lie in tbi' paltimtcd fliirface-dry iNjiuliibm m iimt iJioy will 
raiihor tatmrl water from tho mixluri' by aliMirptinn nor add ftwf water lo it. [f not 
wturatud^ PurfawMiry, thoro will tu be pri'llmiiuiry ffiH.'-raoifftun'^ or abnoqrfinis 
lii-terminatieiru with rorrvf|»nding cofftTetitiiw iu tho amouiil of the mixing water. Jn 
the tmnalaiion of latkiratorj' n’PiiltH toiub IkLfohep nieh ilotojnnijiatinmc itivambly haw 
U* be made at inlerviib with esirn^p* Hiding Inal eh rnn^ftiotw tuc work prcign itw'R, 


Tahli: 7. Eti:€oyMi:.vi>uu roK Vauiui a Tr rjoi or VosmiiLvcmoH < 


Ty|k#iof i^ofifltnirliou 


njumpH ill. * 


Urinfnretkl foufidaliun walb and fotHin^.. . 

Plain Footings, eakpons, and Piilislniotun^ walb 

Sr*\nh», beann?, and reinfnrocd wnlb.,,, __ 

liuilding eulumim... 

l^avf^monta.^^^ ^. .... . 

Heavy mii^s eomflnieliiun......... 


Maximum 

Minimum 

5 

2 

4 

1 

6 

3 

k\ 

3 

3 

2 

3 



1 fPkfi Tatite 4 ill th# 1^1^ jufnt l.-efTimitiiH. an Hf^fOio>rp4n| Prwftki^ hwI kiaaiUot 

^pmncjklkiliii lur Cooeret^ felul ICnbitarofvJ CobcnUi ^ 

t WlHTii hifh.rrK;iirwr>' vihnkrti tn- ij^, tbr |ivffl Mtamli lie 


Tahiji: i. Maxiui'h ok Anuh^uATE Ufk-oMiiE^Diiti run VAKioua Ttpea 

or C'bvPTinTiTrio.v 


Minimum 
dimoiiiiirin of 
seetiun, in. 


Maximum aijce of aggn'iiuiio, * 

in. 

KeiiifEin^i 
wnll^, la^aiibip 
and ftdutniiM 

Crtn-iidoreiMi 

widifi 

Hfavily 
rein furred 
hIaIm 

UnMly 

reinfocri'Ml ur 
Uineinfurt^lNi aintw 

2H- 5 

0-11 

12-2%) 

30 or tuurr 

*8 

l?1r3 

3 

0 

iK 

1H- 3 

H-yH 

\HZ 

3 

3 6 


!kll^ PiUATn 
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TAntJi 0, ArPnoxiHATt: Mixi.x^wateb UisgnlitMichTK res* OirriiitsKT Sli mm* and 
NUXJUL'H OT Ai.?riBtUfATES* 


S^uniip, iti- 


^VtsiiTj |HT i'u yJ ipf (liiieretf for tnrlir'atMj nia^miiLrii 


H J-ii- H in- H ^■ 


m. 


in- 


2 in. 


3 in. 


^ in. 


NttEHiur-^riL minimi tmiiL-rete 


1 h> 2 

42 

-IfJ 

37 


33 

ai 

2:1 

25 

3 to 4 

-tti 

4H 

41 

ay 

3tl 

34 

32 

28 

0 til 7 

49 

4ti 

43 

41 

38 

Jill 1 

1 M 

30 

Approxininli^ mniwinl of 
I'nti-appinl HIT \n non-ndr- 
rtklrmnuNi troiarretift [wr- 
lL¥Clt^^ ^ ■ 


2,h^ 

« 

1.5 

1 

0.5 

1 

0.3 

0.2 


Air-i’Uiraiiu'iJ ^ucn-rolL- 


1 to 2 

37 


33 

31 

2VI 

27 

25 

22 

3 to 4 

41 

3^ 

2^> 

31 

32 

30 

23 

24 

0 to 7 

43 

41 

33 

3tl 

31 

32 

30 

2tl 

Uefoinim^mieil nvfirnisf 
tjulo! alt OuUU^nt , pcretitit 

3 

7 

fi 

1 5 

4.5 

^ 1 

1 3.5 

3 


iTbf* tinjiiititifii nrf muUig »»iM w U«e In tunUtiMJiia (rtuMt ►fcliilifi*. Tlury 

HMWETMI. iat wHI-pli^F^ ■itfinitr mm™ *™iloili wriUiln Itinkifl iP? wrrirti^ 

rhlkjfui 
It prw 
iiki'mwHl 

w^n-r t* UWH *hawn. Iln^ fPMIk tin* i^siaid p«J be 

dM^IWnl *• iritirpl*^ 1y klXJCfcUify 1f*t* for rttTfJnglh. 


' Mtrr ■ thun ilmim. ih^ n-blWtt foc:t«r, ^ibiuiM IlMtn M™ i|Fi-iillli«H tre 

in inwiEiEfliti ilbtiTfiJ TPflt<T«nsrilt IfcliJi. rt^it U Ibdiein^ !»>■ IdhorhlMiT 
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CEM^KT AND CONCllEl*E 


TaMI.E id. \iAXmVU PlilUltFfsiHUV: W ,%T£R-<^liMENT UaTIOm (CaI. PEM Baii) Ittipt 
l>im;ai:xT Tti-ii* or STnrcrf*E& Asvt DEfsnEE^s or iLxroNriiK 





ExiHitTUT 



mile raiiKC m teni- 
pemture^ or frcciuerit nlser- 
rmliotui of rrpCEiiLi' and 
IhawinK ££itr-C£ttmitli.-d 
rretc otily) 

Mild teiuperatun,* rarrly 
lie low fnHrKiniE, or rniiiy. 
ftf ariij 

Typo, of Mlmctun* 

]|3 

air 

At the ttntcr line of 
aitibn the ninan' of 
fluduatloi; whUt level 
or i^pnty 

]l4 

41 ir 

At the water line or 
w'ithin the mnjtc oF 

Hurl ILAI ini; water bvel 

nr spray 


hi 

fnndi 

Water 

In wa w'4Hi'r 
or in ponlarl 
with snihaltTi^ 

In 

fpi-sh 

WatPt 

ttl sea water 
nr in ixuitaet 
with sul filler ^ 

Thin Kflioiw, rtuch tuE rusl- 
In^, ruHpf*^ tptim??*, 4 ji> 

nEiiiH''ntal or arrhitiNTltifiil 
wniTPtt', it'iijforriNi |ii^, 
pipe^ ntnl hll swlioiui w-illii 

ihiui 1 ill- TOFirrcitp 
powr ovfr rpinforEiniE;. 

0.5 

5.D 

4.5* 

d 

5.5 

4 5* 

MchIpiuIp }?wtioii8. such rii* 
rpLikiniiiK wnlhfi uliutriicntA, 

tvo 

5.5 

5.0* 

i 

h.Q 

50* 

E^tprior portbiiH heavy 

fnuuHi flcelinn!!. 

rt.s 

5.5 

5.0* 

i 

ISO 

5.0* 

CoficJTEte depewitPfi by tremie 
aniler wu\tr. - 


5.D 

50 


5.0 

5.0 

Concrete IftiiJ oh the 

^rounil 

Conen‘U' proU‘t*lnl from the 
lAvathiTp interiors nf baibl- 
in(5A^ mherete Ld.4ow 

ItroimiJ... . ^ 

Conerelc which witl Ltitcr bi’' 
iiTTiln^H'ti by cuchpiurr nr 

ExirkKlI but 'wbcii may be 

cxpAAtl m fn?efinj£ iwid 
ihawinj; for si^veokl 

N^fori^ such pr(ili?ctbn m 

nfTi'nxI . 

tl.O 

1 

ILD 


i h 1 

1 

i 

1 




■ Ai.r-«llJmJil«l flNfluW hr Iijnl nbdrf alt ntdwJlElw Ein,-JiWin*. iml 

Linder DkiJil rr^FM^nifT nrtullllinbi tb iMLnnavv mtikftbElELy ml mUtUP:- 

*1^1 nr ■-rMin'l iTAter rtiiilH.liiilif- -r^M^HriithPlii -ni tri^irrw’ lli^b U.2 firtn-iit.. 

• W'ben MiijfHtWfWWtjpw rrmrat m- lainri. irailrnljiii wnlef-'mmral rmtin jwy h# ITi^P«imd \<y O.S ipd 
uvr 

*' n-iiii felKHjlil bt mn ol ahjI wijrkMbilJi>- mjiLiivini^in. 
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Tasi>l 11. CoMPREA^ivi; STBE^imi of Cosa«?rK por V .vHior^ Watkr-ckmknt R.mcw * 


mtiii, joii [k-r 
IkAK 

Fnalinhli' mnipn'^Vi* ^tn-iii^Uk Jil 28 cliiy>i, 

Nu(Ei-iiir-tnlriiiiy?d irsfirntlf* 

Akr-<>i3lnuikrcJ ftmcrvte 

4 

9,000 

\,m 

5 

o^m 


G 

4,000 

3.300 

7 

S,31X5 

2.000 


2,500 

2 .ono 

9 

2,000 

1,1)00 


I "R!« aTBTw itmwilii fiJ.1- i^oornflrt rtmuminf feint asuft thAt^ ^ ^ti»bvi4 p.iiJ 

/pr miniipfd fikr i^iiwp in Th!|iI^ 1*, rnr a nitUlADt *itrr;«feia^l tmlU lita: MCTft^ » 

TwinHscl u Lbi^ ■Jf H uiJirmiwlI , Fi^r ftlp c^lenCi tiJ*hrf tllAH ihi^ li*tet| ip Tiblt R, lUir Jtnmitld 

will nTifmitMmfliir Irm tfukO kktnl in tliia Uilil*' ^ ,, , , , 

StlroEtlurift* hWH^ iip ft-ln. fej' 13-i»- ryjjrafc-rt onjer ruadlt^ JiirJH 

S« MfUif/i of M*klnl ind rnfew# CpuiwW- rompfe'Wui m-ad hlriun' T«1 in llw rm MHTjI 

cai}. 


TAm.F 12, V*ij-i:MSS or DiAltf^t:: AtiOKEUATfi P£R Ustt of S'olvhi; of Cosc^h^Ti: ^ 


MliXknilUTk 

siM pf 
cLftfCregale, 
m. 

^'oluiTK- pf flry-rpiie!i«l !k| 4 !Ti-pih‘ EK^f IJTiiJ ViJliUH- 

of nmcrpli'^ for fintMiest? inoiluti of ^ml 

340 

2G0 

2.80 

3.00 


04(> 

0.44 

0.42 

0.40 


0.5A 

0.^ 

0.51 

0.4H 

H 

0.6A 

1 0il3 

0.01 

0.59 

i 

070 

04^ 

o.m 

QU 


D.70 

0.74 

0.72 

070 

2 

0.79 

o.n 

0.75 

0,73 

13 

084 

0.82 

080 

0.7S 

9 

D.liO 

CISS 

OftO 

0S4 


I VulniPW ACT liuril. 


Hln In dn-TOdiW moilttiffll *• ijjwribrd b MrCJiod of Ti^ Inf t-pil 

WrbiLt-iiJ Aiiircate ^AST.^i raiN) ^ ^ .l j , j, ^-u 

■rte*- vpltuibM Afr fcnl 4 M*t*a ftwib tniliinrjil reUl4pnilM|ii t.a [iralMEi- mih h i4 vnjr^LAbRljr 

Piutublr fpf 1kli4lll ri-lnfurewl eiMk-tmclkih Fcit km wotk*!** Oum'ir-tP lu mjuLivtl fpr run^nrh- |iAvr- 

jiMini cotiiinittkjn tlwy pwy t» beiviup^ AtHinx 1(1 r^rrml. 


Tabt.k 13. TrricAL MiMHirm Mis Stiu&s to HvrMiUjtii thk l’itoi-i:imE.s or 

CM.^CKinr. WITH F|KIJ» MAtBSIALS 


Wit 

Sri 

*i(*r- 

wetmrt. 

Crmnl, 

AoFriAjR 

kl> Cl rd 

iSbiBipi, 

b. 

j 

PVf- 

;Wij ntrrtlAtlL |H 

WtK^JLijky 

Bipik>- 

br 

'nbfl, ckj 

I.T¥ hkic 

tirt Pfl 

j4 

W 

prr rU 

8u«k 

t'-CHivr 

■iP*- 

trtf 

mi 

«if 

I'bfu- 

ivwon 

nrSurr 

pliMi 

bUHT 

Fiftiili 

' 1 

? 

a 

^ 

a.A 

S.« 

A.Q 

f.U 

7.0 

u.o 

aifl 

iSiA 

5.7D- 

fl.57 

e,7D 

4.ra 

a,E«G 

1.111 
I.W. 
3.KH 
1.^ 

1.111 

l.!M* 

l.»<l 

S.n>i 

im 

IDW 

1 

*A 

IJ 

iJ 

i.a 

iA 

14 

3400 

.uw 

4400 

i'-WP 

m 

m 

m 

jr«if 

Sum 

v«»» 

1 Xfliw 

4 TCmr 

fku4 
Fifb-lUart 
, F^lint 
EiffUnt 
K\iyll«rt 
VriT 

(bod 

tlinUrliE 

' Vtty gp^ 

Cbul 


Mil Nl>. I—Low HI llkkai.[i , , , ^ VN.,. % 3 ^ n 

Mu ^■n a—Or^fWlBd^ UuOWMwl I'PAIW’ ^nd bw<'l*4 »Atpr fuC Mkl N^- 

hla. a—WcjftAliiELly «itW*rsuCi' 
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CEMENT AXr> CONCRETE 


Table lA. Cosl’iiete Mixe.^ fok biUALt Joas • 


MnidllllJllli 
fA2V of 
aKi5n.^l?nti'. 

b^ 

Mix 

rmlion 

vVppnjx'nioite 
Img^ of rc^Enimt 
per ru yd of 
ounorri-t 

Aggn^gjile, lb |>i?r l-hiig ^jatfh 

iitelHl > 

Oravid 

or 

■^runlml 

Btoni^ 

Jron. hltk-^U 
fymnw? 

ijijijt 

Air-ontmined 
i*rjncrele * 

ConoFvlP 
vithnui air 

H 

A 

70 

2515 

245 

170 

145 


B 

dll 

n5 

2:i5 

1110 

105 


C 

OS 


235 

205 

IKO 

H 

A 

0.6 


235 

225 

B»5 


B 

0.4 


235 

245 

215 


C 

O-Ji 

215 

225 

265 

235 

1 

A 

0.4 

225 

235 

245 

210 


B 

0.2 1 

215 

225 

275 

210 


C 

Od 

205 

215 

21i0 

255 


A 

0.0 1 

225 

235 

290 

2t5 


B 

£.S 

215 

225 

320 

275 


C 

5.7 

2a5 

215 

346 

300 

2 1 

A 

5.7 

225 

235 

3;^n 

270 


B 

5.6 

215 

225 

300 

300 


C 

5.4 

2a5 

215 

3S0 

:J20 


NoTf.: Al.r-PIVtTiaiw4 BiinrniUj ahDuLI hr ujh| tq *1^ ilrqrlqn^i ^SiJeh 4<t|KMn4 

ftTvalJi^ hlbil ihlikLilg- 

i Mqv Iw ummI wilbiHlt nH«fit 

i W^llhtJi ftn- hr 4ry nhJ. 11 fkaiJJI Mliil i* bKci, IflrntAfr wn-lgbi of tg^wvA 1.S> lb Iqf t -fciu anJ 

U •*r¥\ mr^d k Uir^t (Mill 2f> lb fflf I4^f ^ 

^ Air-niltBita«l 4}l|lai^ hy ife«r nf ih ■ir-mlmiAiAa rminit hv idiiiuc qn lir- 

MlrniniPl #Bml If an airist II LiM. irw ntnoiltiL nicDinmKpiinl by tJ*r \imanimriL\nf ItjII, in mcitl CBM. 
(.bfr <4«irHl llb- nmtcnl 

i’mociwnr.-. pmwr rai^ flf fti^l Ibru, ium« mil l!, ^ri4 jmrt »»b*r 

■UI iirnduE* a tiiiriftl^tly fci>rtl*bte Il llw «al]rnrli< Piif^n Hj lw uqrlfrfniiMimi aM> luLk \ 

*U(I il it AEifMiArP CT oViiia*jiiJrd IdP inii. C 

tiluitmtive THkl-bJtcb Design of ft Cc^acrel^ Mixture. irf Prttporiwn^, 

QitanlitieM, oiid FaWtii — Cn i'^a ami In [idintiort lu thi' dt^tirruuii&tiuti nf 

till' Tvbtive jimount^^ ni iht‘ s canHtitucnt^, tht- ilf^iAner uf n mntmlbd cqnm'tc' 
mixiuH' k rthfvfmnlf^ wilh thi’ for a VHrii-t>' of rroiot ctiikvpmiinf> U- 

twrciu iHi- iinitit hi" mui^t um* b thi’ LaiKitmtorj? and i hi^Pi^ rL‘i|bfi‘fJ brjiib f'xprt^un aihI 
mAnutua-Iikml. BatHiciil \y\ llu mM V ItW a CtHirreln tnixl nn.^ in tnj-fng of t hs^ m vljii ^itHifdutl") 
vnlume <if iLh iinVKml eoiinUiwnin: fim- ikKifre]^ir. ct.!*nfn* ftugfi'jpite, waUT. 

tubiJ ftir. 

Thi‘ ijfli’fiiiiiiuktiob aijxj ili-aii^Ekuilbii tif in ih- khioRitory upi-nitintm will k? 

by miiithl. Fnr tb- job ibt' Eii‘^ijj(ti£ilioii nmy, for the \x Mithi'r bv wbiKl]| 

or by i>omprtri (taintx^) bulk vnlunif-n. Fur thn tki nu^un* w\]] iiHuallv k? 

8flrtfl atirl ftirr tk^ wmEvr h wiSI W nil |it r eubic ymid ur ili«> mnrrotf. Air runknl^ 

ftii* Bjf. fn rc*!ntABc.N uF tln-^ nv*m[\ pit'll hy tb- n;ltllTl-lJ^ 

An indiniitt^S in Tallin* b, ttw ft-nh'f-ri^irtnnt ralin muiil liki'winr lit* vnriijiu:*]i-^ iiX|}ri*iin«d 
For lb" iiijvitt- in mnrnlr niklurf^ the nmttrr of nciiiiimr|fttijn« anil oiln^^-mion of 
qujuUltii'* rnn b* «mfnF-iTL|c; mfpFi'iH'i-r, and cim- arr irquinil nn I hr part 

<if rniyono. Tk+o run k'sl }w rnvered LlliiHErativ^ly. 

From ase^ipAxi it in In di^ign a rfnion*t4* mlxtur^ji tknvinif a 3^iii, 

hIiui^P tmd a 2S-iJfly slamlitfTl-i’ajTti totnprE^lve itn^iigl h of 4,llflri pm. I'hit am! 

i¥M-) w ft ™h«J ri^k-or imnd and thi? eoa™ {C.A.} is a rivir grAVv\ cjf 

1 in. mAKjmi.im i^vv nixe. The iqwrifio gravity of Initb unnd and grttV!.*! k 2.65, 

















DESLCl.N 0¥ COXC’ftETE Jtf IXTLKES 
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By ff^rfviin" to Fijc ^ i^urvt* Indifrjttiii thnt f> jpiJ nf wnt^r per wt of eefiij'ot 

should iiTfMiupr a *‘4pOOQu8lj ^ By i hp If^ji neittr isf Fig. 4 it h I hut 

lln' iratc-r-niineiil mtica hy weiislit iilvfpLilil b' Iti iinliir to a ^rtaJ hdlch 

whnt InriCiir (luui enouKil in Fill I hp ^(jinilarrl ^luni|i OuEber D.2 4?l} ft which aK 
Itk pt*t m ft cfllb for At k»fl^ 55D ib tpf najic’n*!!') i> tb of ci'mcnt w Jirhitnirily sclertcd. 
The wntcr np-quircmciii w tO.S3)fO.Wi » 3.18 fh. By irticccwHav^^ ii4hlilionH td hhajI wikd 
jtmv+i] t iscca-iioiiaE ^<Jiifii|i iculA afler thornunh mkinis ll w ftiund that 14.74 Ib of 


■s-1-r-r-T——r. 

Cornwi rongCi af APf^ahc fPOyine^ 0r 
COMreie 

Por-Mond Cfim. J,10-J.20i3JSg«s^ch¥r*9^ 
CkiarliiSirkAl 2-53-7 671? 6Scivi««g^ 
..Lirmhine 2.66-1.7S j... 

Spind&torkc 2-30" Z-SO* 

Grohste, 

- BfljpJ+t tte 


ISO 


'^I4D 



3J0 


2£D 7.T0 im ai^ 

Specific gravity 


JOO 3.10 


Fm. 2S. Solhl weiithta UPf cubia foot carrMpOndififi lo irraviticfl of £?4>[nrnt nnil ryprt>- 

wiktaliyif iMtHTeAiklofl. 


wtliimlfd i^urTflcv-itrj' panrJ ftnd 21.28 Ib of HAtainttH narfan^iry jf^vA product' tlic 
ty|jc of luixturk^ diwirtHb By naultiplyinji; ihL^ ri^pectlvu j^pctilic E^rAvltii.-# by U2.4 or by 
refi-noicn tci Ftjt- 28 iiidiij Mj]umt*ai in ihe hHtch arv fNiiiifriilcd w follows: 


TlUAL-BATni Ql ASTmKi* ■ 



Wi^i^hl 

itk 

hrttrb, 

Ih 

m'iKhi of 

1 m ft, 

3h 

Solid 

volnim^^ 

cu 

ft 

C-L'mrnl (wt'ifihi Arbitnmiy clni&it^u, sp. nr. ^ 3.ISJ . .j 

MiTtinic wAler (0-53 wcighi of cuknL''iil^ £|>. g^^ ** 3.00).,, 
F,A, (wviiclil <lclcriiiiiit.^l l*y (ml, ftp. ptr, = 2 .Ii5k * - 
C,A. {weight tlidcniiirki-il by tri»l, s'p. gr, = 2.05).. . 

H.on 
3.3 8 
34.74 
23.28 

iwvo 

62.1 

165.4 

105.4 

0.033 

0.053 

Qm.i 

1 0.13?tl 

Ti>lnl wei^Lt (ifkd Hi.dlii volunif" of hntrh. - ^ . 

45.20 


0.300 


* If lid ihk EiiljliiPt & pirti^t itt pntiimrd ^Ij'. wrWiu^m llw hit^lv nmkiltt hnv* wile^i 

uqvklEttml f'U* IIk riciltal virtlkEnf^ UrtHlH limiT lurfulrp 0 S|J^ Tlw^ iLilkJ VDluauiV W EAu iH3ailituJR?ilL#i ib k 
nan Yijh^tqu* wr^uid cLmi hr ihr iUlti ul tlll» rM(w»rliVn fcJht vijiTikPlipW Olia iip^d 0.300 

11» heieI k^YIKht ol tll^ ^’r>EVwtv w^iU lijr ElT rtifi'MKi 14^ » 143 Hi EYf tu ft frtr 45.2(9 dlld^ed 
Liy 0 315 - 141.6 Ibti^ ctk ftJ ,, , / ^ , 

DUmf n^ymnkmm lir alTri-t^ nirT«|MjmJ(bftlj iiyl I lift tJ itx ur-tmtt^i^ WiPUhi 

In liHirTwi to r.n ft imw tacli. bfiil ilw murnl Iprtor ^auU In fi 4i [jm- cu ^^Mt. 

p> ilit Iftal ■JdtikM «YI1S lakni in JW^itilaArr- #Uh ASiTyi t.'H3 ebrtk (r*fcli AtMlkibWKl l4? Ijb mBOn fof air 
in HTNi^bcv M^th A6TM n.’tS ijraYimpErieh. CITI litdMniftHpJ. qf C231 np^wmiW HWthudj.. 

Sw AkKh "AdniutMnrfl." 


a Uiadrr fM4 iEi«litiuEH nilk4 EDcI waufd uMlalljk Ui tin? iki'iiiwl. 

t lnpbi«d <4 nwkim p cmtibikiurY fdiijiipkt of lh» Amtsum ol onffet r^ikind Itiy lum^ T«>ifr 

«]ihI[ rilAn with liir ilEJIi^. hidinf flurTruu-T tiM-miii-nlv uf kutl] m«iw pnd Itcrif 

UAiYEaEr iiHtil llhr drtJfflil «luni|k HTmI ti’iluif' *wn: TbIp^ 7 *»] |■i(|. 2"k •ItaimHj 






















CEMENT AND CDNCRETE 


1-M 

TIm' ftjVtilivi^ |ir«portinni< bv wi^i^hl lif ihu iKn'C- fnWd roMitiiPiitfl (w'lnfnl, Hup 

AEicI ttmriH’ > iT thi^ inixiun? wi? .111: 1-1-74 cir l+!J,4Hj3.5i>, 

Tht’ Hpdkce iwcuiwh:| by Irve^hly mbtvtl wnm te U rnlin'ly Htk'ii wiih J5olkJ« and vfiidfl, 
Ihi^ mi\ky hr'iniE Ft'nuMit mnd um\ the vinth hc<ui|( fri-e whUt (mixing ti'&ter) 

Eind entrHpp<M:| air. Fcir a silu^tic mixlun^ in whirh ojdimrj" (non-air'entTftiningl ct-menl 
19 niHtsJ, the entruppi-il ait iLtiiouniPi ti» no niorv thati I or 2 pern^nt nf toi&l voluiiw 
ikTid nia>' uL'ftliwtiHl in the f&]ctilfttioii (if n^lalU'i* \^1ijnietrte proportiora, quant it 
and yit'iii. ltii> volufiut^ of void^ being euivciden'd ^ limt of lh^? mixing wafer. 

On Ehu* beaLN the solid (rihfwilme) volUTne of I he tiifll hnteh 0.:ifXl eu fl uf which 
0.031 fU ft L* t he m\it\ volume nf the «^til. The pmpoH inns of imtid* hy polid (afm^lute) 
volurne^i' aiPe 0-031 iO.O^S):0.130 of I ^3.^7:4.I6 l 

l>Lvlditig I he Ft^Uil volume# of the eunpliiuc'tilji hy 0.30(1, the polid volijuie of the 
iwtrh, givefl the reljitivr solid voluttke of earh material ptwent in a iioit volunii- nf the 
freshly mixr^ eotirfcto: 



e ~ n.Qflt + o.aoo - 0.102 

K.A.] 

fl O 4- O.JjlXt m 

C.A.: 

O.ISO + 0.30(1 *0.4311 

Water: 

tr 0.051 + 0.300 * O.lTO 


1,000 


With air vmh awsumtsl iii.-Kliidble ths* voliiim^ of ih' water ir ihe voiiL^ v xnd fhe 
voids-amviit raf.iri r ^ e ^ 0.liO-fr 0Jt3^ ■ i.ti7» tpeSug idontieai with tbi" water- 
eeirwnt ratio o!Lprv*ftHl in mWd i.'ulume units. 

Thi' weight tjf t^rh material in a 1 nii ft haleh nf tfw Djmrrote is its ndntive solid voliinn- 
limits I he t*oUd wvlsht per cubit foot^ and tb« weight requimd ftir a cubic vard of the 


concreti! in 37 limert that mmi>uiitp thus: 


Cement 

- ( 0 ,l 02 j ilWi .(5 i - 

IJb 

(ler 

m 

k 

21 ) 1 ^ X 27 = 

t\. 4 . 

* (O awijll 1 ( 5.4 f - 

49.29 X 27 = 

C.A 

- ( 0 . 4301 ( 1115 . 4 * > 

71 12 X 27 « 

Water 

* ( 0 . 170 ) 1112.41 « 

inxji X 27 « 


l^i 

per 

(’U 

yd In Cnmnum Units 

541 + = 5.70 saeks or lA-i bbJ 

1,331 + 2 ,[m - O.libH km 
1,930 + 2,00(1 - 0.900 tun 
2m ^ 3.34 - 31.3 gal 


Unit wiMglif nf vontrefe = 15 J.I 17 4,073 


Til is rnneivte \» wlmt wimld termnl a ^^^.7l> ur \iii% mbi/' i,er, mcks of 
wim-nt per cn yd uf curwrete in plnciv 

The yield ntay tw' rompuk'ii from the fori-gtiing lahuUtEiin hs 27 4- 5.70 * 4Jt9 eu 
ft uf euUen^te sack uf n^da'ot. This is the Volume of a (-hug bak'h of ihf mixtUTl'. 

fVoptu-lwaS Hulk Hjr Liwm CeiaiNS.* ff ik- Illeasun'nM^nlF of liiak^HalM fur Imtehcs 
are to bi‘ liy l^ulk or lixwe vnliuot^ iieileiui of fiy weight, tlae |H^>partiuiis and i|iiAntllies 
may lie defemiiniMl as folijiws: Assume the Imik unit wtiights of the uggn'icjiteH to Jiave 


I Hhi^ int Wor4iji^ rKii^li.iina 11 ||->W mrrtj |icOuiii«4 ya nm^tarf werli It ii uuvrnaUv 

mi^l. M w».irk injt iiftileTi Slkl Hk IkLuhim#* r«r fwn^Enl Ihii 

1?£I VduiuatTir L*tF|HtW. iuuwIaIM^ w imi^xrtnihi itf€ H Hfiw, Im^I 

aifa* t^l -muki Ji^rc JuBtifiE^ uu;pil«|i,:Ni in- bEiTC w*^isUrfi laiibdalhq nurufcj h-iiirot 4i,| Qfir mmimL 
m wot tbfi HMTOdti liw InjiurnSmi w^lr.t tfliia [jHlMCIinl fratp Mw hihiknu wS^Uf 

m^dU thr rrfiiji fn«D ^ Ih^ktaa ut A«niWife"r and H i|rtlt&al>lr^. ffwulAd tint 

W^W iniinitpiimv ih-P iwit taknaii-moer rr-iUJratiMnt (whirli eoa FiSr igQkriiikgit™ 
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U*i'ii found to l\.\. lfKI,5 Sh (mt c*u ft AmJ C.A, 9551.S Ih pi'j- pu ft fA^TM Th*^ 

n’flll-nl m tfikrn Ita* at 01 lb |mT fu ft, which in the hiillc volume of I fllsck- 

Fruiii ihij pn-n'ilitin t nliiibtinu t he quant it k'f Mjuin^l for 1 cu yrj lit iMjneTvtc bt-ctinii-S 

liulk V'ljlLinte, pu U 
eq Concivle 

Cement ■ 541 ^ » S.7h = S.7ii Mieki* - 1.44 bbl 

F.A. - 1.331 ^ 1(13-5 - l2Se 

C.A. « I.SriO ^ m,Z - (0 54 

AValer - 2}i(i tv:>.4 - 4.50 - ^ S4 gal 

Tlie pnipfirlbiiP fiy bulk or toow volmne an- 5.r(i:\2,S#i410.51 or I J2.23:3.3tl. 

The ralitj of water tn cennqit in l>ulfc or liMUrte-voluEne unit? 4,50 4- S.tti = (t.707, 
iay O.SO. 

The ratio of (he volunu^ of stater to thif Imlk votuniL- ir( lh\r ftrim-nt (ae naeki'tll^ wan 
the fnrm *if water-tvitH'nl ratio iiutL&Ky uaed (AbntEiiH^ HuU. I, la-wis Tro^tituli.-, 
Chiea^co. n^vw-d FCA, W25}t S>iit eiimiiity wnter-cemeot mio ia likely lo tx^ 

exprerfatd ba naEloTtn (a-r naek fur (it ki use amJ by wi-iffht in tin- lalnjmtory. .In a direct 
rather thnn invert' rrilerion id etn-ni^th I In- nmHUtl-waU'r rat in by ^olUl '.alhrtolql*o 
voluinEv heu^ the aiiviLEila^e nf virtually a straqshl-Une n-latioiirhito H(rfii|tih, jw i?r 
evident fmui Fitp. 4. 

Adjustments for Moisture Effects from the A|^^ates. In iht' fondling trisb 
iHiLteliealrulutioTlS the xqtftrii^rtlwi wen^ Ixllh to fa- Jh tmtllTalta|, tfurfan^lry- 

E-unditioFi m thnt tiny ni jEluT ate-udied i^’ater fmm tin- mlMun' nor ccinirihuteii fret^ 
nioi^tqri^ tu it. Tbia condition can tx' uttrurM^i in the lalroratoiy^ hut nwely 

vTii^lR 4 m tbi' juli, ari4| ihi- anidunts nf inoHttLre in^TElveti may teffult in unbahiiiein^ the 
suEfit-kmtly to alier thi- yieki* nJiil Havi^ in^riom i^ffepla on both ih* workability 
attiJ lb* id th4’ poncreler 

Ati^ptim tht A^rrfiifltM. B4'paiua^ a low^ wniernvmi'nt ratio at, the time of bnnl 
|ihuvnu*nt the stn-nEtb nncl lEnprEJvi-is thr- fiiinlity of the iwnefeie proiided that 

n-nrkaliility in not samfieed. abwin^iion id wati r he (hi- aiwnTirab^ b^c^bilxii4>nal^le tijity 
iHTaui^* of the pmLuililH ajht^rM* efft*el oil wiUTkabitity by .irtifl4miEm the misciure. In 
Ht pe-psil then, si is only thi' alMwrpitiEin that ucennt during the (wriixE of ini:tinK nrni 
phieinjc that in inijxaaaTU - A dry aJ u^irpt i iv miMance (jkfcea tip nnjbtuji? mpicily at 
fimt, ami for Fieiny afispi ^alee the a4i^xin>tion ilunns; ihi- fimi ^ i hr ailor frntiins may 
i‘tiiwtittii4' itO (41 bl jk rcH«n( of thi- ulHmate capadiy to afiMirb. A^muminH the absorp¬ 
tion tu hi^ 1 pt'reuftt b.v weight for Imth the fine atifil rearm- aggregaii-?< of thi* Ulii-Htraiiee 
tnsxlun.\ ibe waller extracHHii by tht‘ aggn^aatefl for n rubie yafrJ nf errnm^e will be; 

F.A. - (00111.3311 - 13.31 lb 

C.A. - lO.OljrFErilh - t0.20 Ih 


32.51 lb - 3-0 Kftl 

ThuH I he mixing water for a I cti yd hatch of Thik co»rn-(i- shouJd bt- liienahH.^ to 3(9 lb^ 
nr 3S.3 wul, flipua- thi^ loH^ of thU amiiunr of water ftom ik- mktuiv iwv>r H pi*rn-nt) 
woiiJh.| itaitally bo enough to u.ller worknJRlity n^i^m*L-juhty. 

Akior[PlIon by tbi^ aggn^g^t<i ia not a 4 ‘onmin]i fivUi eoiidttjon, wnci' ngx^^^ales on tlh^ 
job an^ ran4y dry eTnnujich to exirad whaler frtmi tin- inLx(un-. 

^Vi'p Ifufcr in ihf Thi- nggn-jtuie, c^^funially (hi’ fine aggn-gate, ma,v 

earry free moifil^un* up lo 5 or d perix-n! of its widglit. VS'k^n- batch proportiiisunjg is by 
weight, the niixlun' will, if uticom'CteEi+ ctititaiii rwil iiiity an cxixthi ivf nniLsfun+ bm a 
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dofidency of akeh^U^^ Afoiuinitkfj fn» nmbltui^ itf 4 and I para*nl in fim- afiii rmm!- 
j t^pn -gRl ivi'ly for tho I cti yd balf^h nn} !■«» bo dotoHiiim'if, 

Ttit weiKbiM Tff ibi; mowt Jn‘foitU5> 


F A -<- (1 a4)tJ,a3i;>,8) - b384.l> lb, of whi^h b^.8 1h i* HiU' j^n nnkie And 

53 2 Ih k WKlvr 

C,A, - (1 0l)(l,950.ai - Sb. of whu-h 1,^I20.3 Ih M WMinso And 

Jft.2 II) in frxsr 


Orii^nal woi|{ht£i and eorrecb^l vmlqs's aji* ar Ujflod; 



original deiHigri 
(aggropte Antn- 
mtfHj surface 

dryh lb 

Coiret^tionji., 

lb 

' iCevisi'd wf'ightM 
(to eorm-t f<ir 
frw wTitfr)* 

Ih 

Omrnl.__ 

odl,4 

0,0 

&4I.4 

F.A.-- 

i,a^w.8 

+53,2 

1.3a4.l) 

C.A._ 

1,920.3 

+1H.2 

l.W.S 

Water- 

2HtL4 

-^72.4 

214.0 


4,078.9 

0,0 

4,07SJi 


LTnrofretrt<?iJ, thi* I'xr™ wiitor iti Ibtf ttu^lurii irniild b- «ulfirirJil lo bwEr thi^ 28-diiy 
cotnpnww ntnenRih frnui 4,000 pd tii At)i>yt 2,000 |fri, a i^Hlu-mion of iipady 30 pcrcviit. 
Thr tEuxtuiv wonlfl U- o^orflniiJ ajiiI thi^ ykdd ridme^A-hai Ifjw ihftn indjcjitiHl by tho trial 
mia. Af* for Alfc?ior|itk]n, ihti irtrur? in mh- mtl loo sonnuii and, 

in i^'ni^fA], the enm^tiufi in Ainyunt crT mixing wuUt umnl m FijfTick'nt. 

Hulking of Fine Fiir wiliinK'tric but thing i UHing raeitsured hiUk or Iuhwc 

voltinn^), Uu^ boiling of fcf^^-lhng of Aggn^gnEo that tontaiiu> a few fH^n-ent of 

ftoe mold on' may !«■ a of s^t'^iioof prw, Wh'fs mnial , hut nipl inuntlati^tfl, thi' 

partirii^fl of aiiy fine-gniirR^I fvlntively noonbporhi'nt niaEc riul ani fore^^l apart by Iht^ 
indiv'idual of motion', Piindliiig Eb^ maKft. As tbi- rnukrts a^ipmittht'ii inumlaEioo, 

Eloholc* uiiiEe to form a ftnhi niatHx, and thi- inutirti'^ mow Ingether, the bulk iit lunHe 
vnlonn^ »KJn n approx imnU'? E bal of i he dry material. Fine ua Iml rbinj haptH -ti 

fmqiiL'hlly tw Iw at iht^ tritemu'diBte §l.a|p^ of fn'i^ inatnture eoiiEofU arid Ebi‘ awelitiiK, 
which hae ew wKnifiraoee lEi Weight mejoLurena-nt^, may la* iiuite fiignilieahT in voIuehl* 
mi^unntHtntdT- 

AjHiime Etiat a uoil volujiie of the fiiK' A|j[gi\-gate, when in ibE aanii' state <if romrininiun 
lui it IP to be batehtii^ i^hrinks pprevn-t upon l)eing idther driiai or inundateMl. Thk* 
n*pn‘M'nla a bulking of perwnt of the unhiilkoij votuiiH', which m* 0.80. 

The 12.80 pu ft of bra* agEn*eati' in A Eubir yanJ of ihip euiiectite b Rwallt ri ot btillei! 
by t0.2SK^2-30> • 3.2 CU ft. Ki^n^jin'il amLiEint of buJked F.A. ■ 12.80 O.SO ■■ 
10.1 ru ft^ anil itw' cormcti^ pnip^Ertaina for thi^ bnlki^l aggn^gate wlEI fni S.8E30.I: 
10.15 rpr 1:2,80! 3.30 ihPti-ad of 1:2.23:3.39 oa rle?igTKM:| frir iinlpulkt>d Niirface-flry One 
jtggn'gaEe. The ewrferti»n for thi' frrr m+rii<ture in the bni' Piggrrgale atjfip lo Iw 

naado an pmvaouidy outlirufd. 

Adjuatment of a triabliAtrh ilenign hax lH*c*n d-termiEieti for a giwn 

cement anri asgn-Katofi it ii relativi'ly Himpli^ to vary the proportionp to prcHiun- wther 
a Micrete £1) havitiK the same slmtigtb but a dilFenyit worktdiility or i2) of about 
the aaim^ workabihEy but having a iliffi'iimt ntrength. 

Fflr^ag WorkuhtUtif af f'miiHonf Sfrrti^fk. If a eonptant ralio of water to cemimt is 
maiatoini-d, ihi'str^nj^th will kf hi-ld approximately eonmanl white the workability and 
texture tjan ijc varitHl by inrri'nivini or iitwasiog the re]ative amounla nr pfopurtiotin of 
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Lhi.* lutoJ iiji^rx^iciitr H'llS pLifFi-rk I hi- iidx^urv wathniit ni^riinj^tv nJitr- 

iriK l<^^lyn-. 

i^lump PAH U- Iwild ™nj<liiJit and Lirr vnJinJ (wtlhin fi^iLd) by alforjiig th^ relalive 
pro|virtiiinA cd thi^ nmi rtmrui* Russn'Kati'. (In^ali'r vaniitiiin in ti'stnn? may 
nkniv a i^haniCiL- in i he pjsitinie [hi- apy^n^iti’. +4(pt'iinJly lln^ fimi Ajgp^ipiip («<? unii-r 
“Grtulmg^'). 

VaiialioTi in workal^t!ily ^fl|^Tnp aniJ/nr tp?(Eun> nl mn.-«liinl initpr-€^nM'nt ratio) ia 
A valid |3r?}pf'ilun- Imtjium- mI thp feii’i ihw^ sIlhouRh Eh<‘ amEmni and Enniing of the 
bavo aofup tn.fliu-ritT' on tbv 
rtrcnRlh of a wgrkahlp PiUieit'tp, itniE tn- 
Aqc'iin^ ]j( jiTTvdi in cocn|»rL*i33i with the 
Miurb mone |iroinHjniJi4l isf the wati-r- 

rempiit niliti on thi^ strt^njjcb- 

ruriftfl^ Sirra^h CanAtani \Vfjfrkahihi^. 

VariAirli? fllnr^nifth at apprristirwtoly nm- 
Flant worknhilJty niiy+ for pv('n Agpo^paU^ 
ai\d et^mpnt, \tr ttft^nuirlLphLHl by inE^^r- 
thatigini^ ociniLTkt and lim- nggn^fAEi' whik- 
iKildini; thu aiuouiitH of wat^ r nnd coitm' 
agl^regatn conitlant. Thi#, I he f^ype- 
t^iinaj^an proc^'^lnn?, b i tliL^t ratinl hy Fijt. 

E Afid Table 15. 

An iiuipertion tvf the tjdj^ulnr vhIlh'S phoirti'? 

1 hi- medium mistuTT' to lx- the nttc iwetl for 
bI] tbi‘ pn-riiting rtikulatinru'. 

Air EnDminnifiiiE-^ i^hnrtD" prior to 
it wap dbeifivereJ by rlkajitv that 

ontroirpHi lur bubhli'^ of mieropmpir pfotP^T- 
lion# in tin- hanli rwH! cninerett! jidEl p^tmtly 
to tin- rvjfietnnce to Pi'nhng and pfnuniwii^y 
deti-rioratinn unchT fna^iing and 

I hawing. Thb ia f^pi^Hatly trqe if aj^gtra- 
jqve wdtB pueh aa wplinm ihri’Alrium rhloride 
an- U;^.nl to aid in io.- anil if now n-tnOViL]. 

Minubj i^imnlitk-f of taltow, rriiin- 

oufl maU^riiils prej^ent in ft eonrn’to mistnrt- fiieilitate tlinaiKb biaminR thi' inearFHjmtion 
1 ^f innuini-mbli- pniHli InjiddeA ilimiiirler *5 in 5tJ miemiuf, about 0.001 to 0.Q0(| 

in.) of Btmorpbi-rie nir durinji the mi!iing rj^a^rKtion. This l* probalily ajmi-inplinhwl 
through a lowering of the nurfiiei^ trti^ioii of tb' niisinre by iIh' air-ioitrjiiniitK agi'Eit. 
The protective action Mi^m« Eo he purely plsynical.* wmaW btibbU-n do nut form 
i'4>nEinumii^ <hjeii ihc nnsiEig water tint raiber fotiu a aerk^ of anudl cIcki«m1 

thiit-WBik-ij ea^-ii*^ which prn^-iile nejfiliility ntiiJ rt^iliency lothi- Hiirfaee coiacrete without 
BilmiiHng npprermble free W'liter i*r «ill wluTion to Ehe interior to produce db^mptkm 
hy fncering or cryTslidliifttion. The InibbleiE prribabty fiinerion much aa do psirtly 61 k*^ 



Flo. Oiirt idii'flrinins I.i>'*c^DunBflan 
iiirritEHi for BiOoHlInjE mix fleTfian nl con^ 
>iant wnrknhility. Toaraa AfurreCAte and 
wwO-r fHiEmljinl ■ nlreiiRih vurlail at aupOiX- 
itnntel.y c-oft-iiaiint Jump by ipterrlwinjce 
tpf ctiniplat BOii biiC EudsTPsiitp- TaIiIc 
15 fitr dflEatltn «n lti«w aoiitlnn^. 


1 Hf# ■ltii> ''Ailini^lurt-* J1E1I.L liibfa ma jj. - 53. ^ . i 

*Tiiil Ifcrt- arllcJA lit nn ur^IfnbhlK aiC-nl ii ™-niUitl>- llwi ■nmii i-h<ar 

ffTJUL lMbt» tai bJJfr^antr- IfH^ liw Bti rroktbl TtiC rtiTPEIt '■ill tniD B SI-ElllJf!* uf 

Hiiift ur tend eEiH r^rnttr ftiwr^t,". rivinr ll>r u1li>^ 'tat' rmi>- ^ftabiJlty m if 

FTtTJlmt winir prvamt ^mrr Biirli ■ linlilOirr »Jni-« iwfl ipI nr lillfHt Ut ^lix-p moJ rrUini tfifl tiij.btibp. 
thr a^T ^ k^t In -an l^pUf <ir tim Atii litwT mixIuiT- lT*\^prt^ In l-tir ■Eatu* uf art aaifii irT Xf l iW£j(:HVPil«- 

iFrue. .tcv, ^ul. -lEl. El fiirt. IM-II s^ir |a mlnjunl nialv Iw ttLOiX lirtiirMrti 14 ahal ^>0 ttUHih BH-ti* 
Itrf! iiiaiLiiLilipE rnirpinniTBE ia ity bIhi Eru:tboti SIS piul lUO Aij^l -«- Nm- 11 aqc| — hii . IftI priMl-i^ 

litUr or Bn rfltrairiiirat ^n^^^r upduiarj- ™ndiiMm* t’tfiT ttir- met of ulr ■^‘niniinijn'nt “itt* taTipr Eiartk'k'F 

tii [lullin' <JrtlLLl»r ranrrrU« ttt -irf. rqj 50, □ 7p. -Hi** Uii«lrr ■ ^Irnm tlw fliw IrtibEJ™ ati' 

ihftWn la elik^tTT nniNWl aaTui Ximiiui lik# |:^i E^riAi*, tWrei^y wn*T*l 4 i(* Uir p^ykU^ piQbUj|>- 

i-fl dw uuua Tile Bethin i* a EH+lkiiHi in wlurli, ib« tlukl » aii" luatioijl ut water <-pm nwUcrii 1. 
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Table 15, 0;iMrAmm^ or QrANTini;.^ Asn PnoPKiiTiiii^ of Ririi, M^nTrif^ avp Leas 

Concbf*te Mjxn’KKH* 

Malp.riutH: F^A., WamIiikI, Aanil, isnlJLd. ® to 4; Ap. gr., 2-85; bulk icici.5 Up 

per ru ft; inmiHSuH, 2JO. C-:\.p river K^vel, gmcletL 1 H “t-J *P- 

2,05; biilk weigh!^ IJS.3 lb p*!r cu ft, Finvnf^ ntocluljfi, 7,l0, Cemem, up. gr., 3JS. 



Mixiun'* 


Rich 

MMium 

]<raia 

CeirLont-wjhTtT nittu (by liolid volumeJ..... 

D.U 

ILO 

0.4 

Type* of misturv.... ... 

llleh 

MrdMini 


PrMicleil 2li-^by strrtiijtli, prt {w/c bflje'ta)... 

b.n^M} 

AOrtD 

2,000 

H'orkcibiUty (Alump^ in. - - ____ 

a I) 

3.0 

3.0 

U'tirkaliility (textuiv), -. ____ 

QuaititUy In 1 uisil volume (Ninrrtite by jioLipI 

Plaxtic 

l^huttir 

Plsiiilic 

(uWlutc) volume: eement (c).. 

0.153 

0.102 

O.OOS 

F.A. (n),,., .. . 

0.247 

B.2ii8 

0,332 

cA.m . .. 

. Q.m 

D. 130 

0.430 

Wn.u-T (v). 

0/170 

0.170 

0J70 

Air (Eu^nnecl 0?. ... — 

0 

0 

0 

Total.. - _ 

l.OOO 

Amo 

ADOO 

WjRvr-wmvht ratio: pi'r hag cement 

4,0 

0.0 

0,0 

Weight . + * A ^ . c T ... . .. 

0.31 

0.52 

n.so 

0,80 

A20 

Rulk vcplunu.*. 

0.o4 

S^.S'hil VldutTHT. 

1.11 

1 07 

2.50 

V'riii Ipw^mi^nt ratio [ wild vf^Lumn-.. . 

All 

' AIJ 

2.50 

Pn>tKPrt inn*: by weight. . 

1:1,4:2.4 

1:2 5r3,0 

l:4.l;5.3 

Hulk ^^oUimv . - . 

1:1.2:2.3 

1:2 2:3,4 

1:3,7:5.1 

^\\a\ w4ume. 

1:1.0:2.3 

1:2.0 :4 .2 

l:4.0:0.3 

Rath? h ^ bt^. ... . 

0.70 

5,70 

0.70 

ItatiiJ C.A. to F..A., b ^ n.. - , 

1.74 

1.41 

A30 

Qunniity in 1 tni yd: eifsnioit, 

F.Ajb... 

8.tp4 

A 103 

5.78 

hW 

3.84 

1,437 

C.A.Jb,.. .. 

31.3 

A^>20 

AtriO 

Water, ppil ....... . 

34.3 

34.3 

Yield, m H toficrele per \fikU, M'Hieiil. 
StrrnKlh-t^conomy iudes fpsi per hng per eii 

3J 

4.7 

7.0 

ycD.e.v.. .. . .. , 

J mb 

im 

408 

VVi^ichf fn-flh eoiirrete, lb p(*r r\ih. 

153 

151 

150 

Fb ptf'r cu yd.a. . 

i 4,122 

4,0711 

4,O.V5 


! TTh*! mtt nJiTiut™ of Vk(. 

?Lm liMik^ird in Fk |y. Ibi— mmlu™ hy ihw LyK^DuiLMmi r.p btrrr 

cLiu^mi *™riii mod fin? iinyi KjDcrwt# Afid wmti-r rijtiituiiL WhiL ntunLitn ami 

nlauv* »j*jmlatfcprc °l Inr n^li. ubedaoTO, And !»□ pd^tiirm m Ow ai^ 

n4d idnUliraL *ltll what wpulJ be ulftalani an^ Otbef i lepi dppv^l I buii (4 adjuiLnw^nHiirJi u 

taUl A ct^iwtaiiP nilif* id ihhiiw I 4 idUi a[»^n^.Hab- aJtirnilkiia m mSS^r 


enpilbriin (Ponfi’ra. fVoc. .Iff, v«l. 43, p. 1000,10471. Ev<.n when ibv miuxiunt < 1 / miiing 
wntcf 11 Wft unrhaliniil MktJ air i‘(itnuiiini‘nl ii» nitdol t« inrniMi I he (otal vokIk bv 3 
(M'm-iit or rooft.'. there » *4111 a dktitirl InerrHne in tin- nitiMinfire offers,! to rn'iving 
■ml thawing ami thi'n< i« ]■»«• M-gregatimi, water ninvi^ment 1 bli-edingl, ete., |M-ir>r lo 
MttinR In thiti eaKe, howewr. the rompretwive Kinngth ia tiNlncnl bImiuI tii i^imnion 
to thi‘ iiirreaiw in vokla. SuIjMMjni^ntly it Iuin Ini n teengniml ihnt thi- ■iitraintNl air 
mnlrihulm in iKe lluirlity uf tin- plmttie tOBw nuieh an woulJ mltln] water. Withmii 
liiM of wofkalnlity U ia piwible to n,Jqn‘ the volume of I he mixing water liy nltnut 
two-thiole Ihi- vnlnme of the Hir lulflr^l for 4 pi-ieent entraintheot for a 1<>aii mixtur,. 
ami by nlKiiit om^^hinl for a rich mixium (Wy 4.S and 15,5 h«g!> iJer cn yd tinpeetlvely) 
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nlnrt’ fhf! fjivirjniblf air imtrAinmrnt ktv mow mArkfHl fur h-an ini^iun^ ihmi 

ftir fifh. Tfi lln- mlcsiipi of a mixtun^ for air imlminm^'nf it in pwihlt^ not on!y to rtdupe 
ilw watiT tmt jdFO to 4 hi^hi-^r rfitio of eoAiw og^pcate to fim' HggrcgAto without 
\a€» of fntru-j^ or rM>’ workiJuliiy. Tho nf thif^ iwijuulmf^Tit w sAmi 

for ik- li'ao iiii:Ktim-!t«. For air ufi to or fk iK-m^nt hy vf^luini- tin' #Cn-nglh 

of H nMlivijenc^i It'aii iiiixtuoi may l»o Hljghtly^ whi^rtvis ihcrt" still to 

bi^ 4 ID or ] 5 jwTprni ^imiLjcth riiiurlioTfe of I hr riDhor D 1 ixtun^. With a fun her re^Jt^n, 
howrvor, invobiag a littlr ftchir-d f^tnpiit ia ultf^it lum^rinK of tho WHtrr-wnmut ratlo)^ 
tho oNlurlinn in j^lmnKtb i^n n*aiiiiy bo ounipc’Uiuittxl. 

An airH^ntrruning Asimt jnay la* inircHlurmI 11 ^ a Mi-p in the manufacture of ihv eemreut 
ai an "additioo” to tta* rUnk^'r m lime of UnaJ ghtidiug, or it may tie introduced at 
The mixer as an '‘admisturr'' to tbi - roncrete- Air-c^ntmining portUnd ci^nu-nt covered 
hy Aj^TM C3 7S niul C205, ihe two (*aj]ieffi agptilet UHid umler A^M acteptance Ixiiiig 
Vinpol refdn and Dan^x, A STM Ct!4 and O^ti (tfvf* alfrij 1^.1 rI land Ctimcnt" and 
"AdmiKturer-^'). 

V'dimtloriT long hauU in ngjlator iruelcp^ or any other fortn of ovcmiLxiitg make «iti- 
cri’te iiir, aitd in the u-^> tuf air-entnUiiitl cemeteU^ dut! tegurd munt la- giwn tti 
uiutJiudi of udxjiig; plaecnvunt^ and cr»m paction. JJmitt>d ttWEmai^^nee ti.“i^ta mvih 
to indirate that vibrntion not to I'KciM-d atwnli Ifl w'c can be uaed wilhouT oxc«wivc Iwm 
Ilf air frocu |Hivt>jiienl eonrrete. the ag^nt m intrwJiict.'d tk^ tm addition (ground 

with clbiker^ grinding teiii|n^raturpjE be ki-pt low oimugJi to avoid Iws of ihi? 

Hgont from volutilLzation. 

Air-entraInLag Cements ^s- Air-entraiding AdmixtureeL Thr air-ent.raining agent 
may, aji iimotionud, tie iDCorpi^rnted with thc^ ertneht as an addition prior to tinal grind¬ 
ing nf tlip cSinkiT ur intnxiumf as an ajlnuxlufe to the concrete at she time of mixing. 

Air-entnuning cement has iht^ advanEage of em^uring a uniformity of diAtfibulion 
ihroLighout the concrete comy*ptmdiEi:K to tlie distribution of the cement, liin the othi'r 
fiand, eKi? aniLikiEit of the agent inErDducred will vnry with the richness of the rnixturpp 
LeamT mixtures fur which air entrainnieJit is most uffi^rtivi- and {IcsirabU- having the li^aat 
of the flgi'lit pWSellt 

Hy introducing the aKcni directly to the concrete by premixmg with the water or 
otherwise it is pfiwible to control She amount of air eni minerl rxicnrtlliKs^ of mix |iro|>ijr- 
Eiute?. Hime air-entmining agi-nis haw jcrvat pwlency in e^nm very small anifiunta, 
the CiUitrol over IwiEh the totul antoont addvd mid Uio unifurmily of tb> dii^tributinn 
thrr^uglmut iIh? cmicnde is fif iiSmosS im|iurtaiicx^ 

[k-niUN- of convirnii-iii*!- and uf ^'otUnil the uh- of air-i-iitraining n^ntJ-nt u-mh* 
to \h\ an it priiiiahly should Im% Luneens rated lar|p.'ly wiihiu tlie area of thi‘ small-job 
appUcaiioEiH. 

In i'iiliEir cltw control and can-ful ehi'cksng Ao* iTwentiai, An oscess uf air may 
grently w^^aken thi- i'^mcn'Si^ aiiil a licficMmcy of air may Iw ilamj^^ng In fnilh placing 
iLtiality and durability chamcSeriiitics. .Snitable sampliug atui ti^linR poKvduit'c for 
clii'i'kiiig on she air mntents actually devL'Iopx^i an^ art essential piirt tif every' alr-cn- 
Emilled conende job imre A-'^TM Cl73, atfcd OJ^I). 

Moreover, regnnlk-^tf* of how ihe air cntralnEin-nt is aceoniplishi^ih thi- truJisition frotii 
a nfjn-air'£mttniiicd to an airH^ntniiik'ni cencivte irivolvt-fl mnn* than simply adding rhe 
air, Thip iis|a^ct will Ix^ rtiwrciJ illuetrativi'ly, 

tr/QtutniiiitM/t3r .li> iTnfrfiirinfrnf. thie unit of ibe concode 
of a iiuii-BUiHintniineEi mixlun^ CTinSaluj the fuUuwing prosx.»ftioiiate part.i ^apn-anol 
as n-lalive wibd viilunii-^# of cement, line aggrtgatc, euarsi- aggn^gntc. und water It he 
inclilenial air mntent. hnuK cmL^idefxiJ m-gligibleb d.lWT -h f>.275 + D.450 +0.178 — 
l .tMKi, ARsumirkg -I sserii'tit of stir to be mldiHh without otb^r cJiangts thi- pr^ipuHiuiiate 
liarifl I'M'rsaitie; tVtiyT + tJ^275 + OdStf + D-178 ^ 0.040 ■ l.O-lO. fdividing by 1I.&40 lu- 
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n>duf>rp to tiw: pfTTporlumnU* uaU Viplutrif: hitnui *'ti hive: + 0.433 +0.171 

+ 0.03a - l.OOO. Thi- ynUh {miittr mr\ hiitfr hieivMoit f^m 0 3 78 to O.20fl 
BJiil the solirl? (retm'iit pttif \uiVi' Ijwh iU'cri'iirt-tl EiKK' From 0.1>JI7 

+ 0,276 +0.4S0 “ 0,822p to O.OSICl +0.in't6 + 0.4 l33 - 0.701. 

The innr’jyii? in OuiiL«i (nir wnterl coTnipiiw with llh^ iti’mAM* in to nuUi 

^utwtuntiiilly La the uluinp or fluidity of the mixlofe. the 17.4 ptTwznl in- 

mwe in thi^ voids i& 22.7 p^^^frtfiiT inercftwo in vuiii^tvnaent ratio? will deerefyw the 
elK^npih hy about ft fourth. 

Clearly the inilml mwtmv httdty MniAaLancf-^tl an regaJtlH bolh worhalpiliEy 

of the pplMtic mixlun^ and the ^treiijcth erf iHh liardened conertt€i. 

The Finst concern ol thi' cjeiiiKtiur would be* lo mic^iKn the ndxlufc in Hueli a manner 
ta tn miitom the initial worlcabOlty ItcKtnrr and fluiikp}| wkieh ^n^^t^lv^^ a r^tj^iMiini^ 
of the ttiixtuTi', Tbia may bf^ acer»nipli.^hi‘H| by juJiiinK Mitidn ami/or n^rniititi 

or by lowering the* waU*r eotitent, or both. IX^peniting u|hUL which Taptors aoi 
the ik'ffiicntT oanncpl only restore the w^pirkabitity defiij-k.'il [*ut th^ h&h in julditiuii the 
iiption of nwtorinn fully the Ifnni Ptringih involving {e.twpE for the lenhtff mixturE^i 
a fliight inorptwe itt tbi^ oi-nH^nt faetnr - eitPine oacrilirv erf yhdi!^ or lu* niay pnwn'o 
i^andotiany the some yield by accepting mpoiw mluctton in i^trength. 

The folkpwing alterimtive pnir**^lun‘a are ocivm eni|iirirtiJly atid nrhltrimly pn^pcbiCHl 
by the Pbrtlond Q-iiu-nt Atvodaiion in ibi' lOEh lJ052j etlillun of Hull. T|2 *T>eMgn 
and Contrul uf Concrete Mixtiiroj'.'' It w ihwlntsJ to miPdify the ml^tum innn-air- 
fUtretiruH;!) to produco an air->entTBiEkL'il ciPthPttHe having hot otily the suiru! WfirkabiLity 
but alfloi (1) pjmlurirLK a roncrvie of ihi* Hatme strength or (2) one juiving the Mame 
water-r^'^nanit ratio (not voido-oement tiitiai^ a» hjid thi^ hnfte hil.ittin*. 

1, ^rdfirp'^o far irnrt'nhffpfg P3pprf X'frra<?iA. Hule: For ciieh t i^irirroid of eik- 

t rained air frt i RchJuoc t ho water p<*r nark of r!ii>EiH^[it by pil. (t) Kc^iucci I he fine tiggri - 
gate by 10 3h |m^p ^vk nF ceiucnL 

4. Eifpn!'iWLal in jeb ujiitu, the ntixluit^ prvvifpuif'ly dL-cu^wMi^ contuliei 
6.5 J<ftcks piT eu ydn l,22B lb hW., 2^0111 lb C.A,, and 0,55 gal sack givisig a nfiniinal 
28-diiy atn.mK+h eiI 3,500 \m arkil n yh-lil of 4.01 eu ft p r sack. For 1 f(erll^«*^t of nsi: 
ibi'! Water is rtnlured to 5.55 gal p r sack mul F..\ to ]h other rLUaiuitlcs ri>- 
moiiiing unrhang^'t!. ^VbimwH t^iih tiu' jitn‘iPEtli twnl workahifity on- uorhang^-d^ the 
yield fpf ibi? n*viji«l miKtun^ hftj' hfM’n soinewhat lowcrr^l 'from 4,01 tip 1.73, Lr.+ llw 
wmcnl farlnr has la^n inrnwxH:! lram 5.50 to 5.71 Rjwks par m yil). The air content 
n'raainje vimtally iincluwpp'fl at alaml 0.042 instead uf 0.<l-i0, 

2, R^iwi^n ftrr Ktjttitl U'orFfi5i/i/^ tprrd Refutd Walrf-irmrni Rniin. Hule^ For vAvh 

1 jx^rcimt of rntnuEM'^i air latmoae tin? c-joJ-ia* agg^^gate by about 5 iw-rrvnt. 

Apjtticiiiim. The rfsarw' aggR'gutP- w iheri>iLfti>pl 20 |a'i-M?ht anti lH*curai^ 2,0ID lb + 
4tyi lb 2,413 lb, cplIht I patch E^uontitics mnuilning unchaikKi'd. 

Note'; Ii i# the rhamctrrbtic of tun-nirafnmi-nt lo initpjirt a 'Tath[>sv'' lo ihe mi:d.un- 
thal tnaki-44 d possthle to aiM ctmrwi oggri-gate wlthoul produdiig objectinnablM harsh- 
npfrt trf 

Htslurv^i to the fpohd unit volkinn- bads of pnviHirtionH anti ]Llli>w irfcg Oar tlu^ weakening 
eDi'Cl of air eistrainuK’nt, ihli mixture will prfslun' a cipnen-b^ liaviiig alk^kut n 17 p rt^uit 
nxlueliou iti sti'E'TUJcrh and ah inCfivnterf yiirfd nf alnnjl 11 pcirceiit bjr Ijutli the liwi nrkif 
rich ifiixlurrs. It will Ih* fEautnJ, hiPHever, llkal like incn'sw ill volunu^ l»y the uLhlitien 
uf euafirtt^ aaKoi’PEato, Wifli hn etfcm^stxUidihg sqhtraetiori of i^ny ntln'F eckpistituent, hfts 
Inweml iIh^ pruimrliaTUite amount of each iilhi'r ingn'ilient^ including air which drops 
from th<^ nnminal 4 fft-rconl 3.5 percent. If El is difsijunl to tulhen- inkin' rlcpeudy 

to the Hpecified 4 perfx*nt of air, it can be afciimpItfihHvI by starting with a ticiminal 
air ecntijfll of 4.5 ckt 5 pf^mpht tn offstU thif impehdihg reiluction. 

By a less simple procedure, Ihvok-ing ehangrrf In both tbi' WTit^ r-fl-ronut ratio and 
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itM' TOnti'nl, U y to juijuHl for tonjiiAmy wC ntirkublLity norl 

WhF^fr ihift iDji^thcM>j IN uKfjtl ihfi Ntn^nKthfl fif thi* Jirfirr niixliirt« will }n^ 

Irv 10 ro 15 jA-m-iil hill Gu* s^tirnjfth* nf ihr* Ifjiiirj mixturv# may be mrreuM?d by plh 
nuirh a5 L5 lo In ip-m-ral r%***'‘ 1 (BrlJuiitTiH'nt fc»rnijnl «tn-iiKlb) ei|i|3ro^i^ 

nmtesi roiutikjit yk^d eitwt^ly i^nouicb to Bind iht' n)TM?liuit-yk']d technique will noi 

|>e tien? diiwriwc^i .If*/, v*>]. M, p. fl33, 

SELECTION AND GRADING OF AGGREGATES 

Stu^Krd R^qTiii^mec E.'^ <>f A^gregitcts for UfttiiJ Concretoir Aj^px'ipitc^ fur orthmlu!^ 
etinen^U-fl Cbj! from uiULHiml nr ^pe^inl-purpo^ oonrndiii: liiflitmqpht, 

iiLNulMtii]^. Nhieklinit, riiHElini;, ili^i'^iriiliet^, ttf.i ufiluilly ron^iNr of riAtoml wtiter^worn 
unrlN ikftrl fni>i|ie‘ff Mnm' Hturl ^rn^'nirif^, or eruf^ht'd nr i^mnulBliHl bLimt-furnace 

mUk^- 

T}m^ nH|i|in'riirf’fkt^ for iiirh agieri^jndi^* air thjir idl pariiolrti fn? j<trori|s, louji^li, wtruttur- 

aJEy wiijnct, rliiiji, diifwKk^ anil o!bi'ndrally im^ri witJi n-nurd Iti ihi" wiriionl nml any 
matr^nalN with which ihc conrn^ii* may N» to in runtatt; ihaf th\^ 

j 5 nto )m<‘ wF'll lETHiif'iJ and n-stjwnifd^ly fna? from Hat «Jtd ulohisati’d and (fiai (hi^ 

Nurfaoe leKtun': nol ^h- |KibHhcd or 

For KHMit concn'ip the jM^loction of an ai^sn^tlEwtc will I hi limitccl to whid w focal ty 
ftVAilal>]u, find tbo rhoicr rdii-n Im'n indwi^coi na^uraS dopo^ita of and fniHlitrl 

mute rial rock, iHJUldcrrtj or ^la^K apjsn'jcatc may be pil ur rnwhiT mu, or 

Nfn?eiu'd to ■curtain Hm* brackutj* for rirconibination in Nktchinir, 

For niurii of the niwcidlBni‘<iiifl coticrete cnnNtmrtinn on ffPimlliT pmjrcla rcxecuted 
hy hrriHfiiuc wllhniil altcnipl al thi^ fnrTiuil of a that would r^pnvq^iit 

nukximuni i»KCi'l]enav ■JiirabilHy, or cmiiuitiy of * the anKn'Ralp i** pit-nm nialcriat 

lifh/Ei fubji'ct to wdiJc \iLrifillnnN in j^nuling. F<vr work of niGicirnt iiuportunce to 
joslify the tk-^ign and contnil of the inixturD, llw? phj'yical charttctcruiticifi, imifortnitVt 
and RnuhiLR of the fi|^grep:aEc aie cs^fi'iiH'ly imjiortant; in fsrl, thi* d<.‘^^i«n o-f n mixlun^ 
m niri-DninRicHi if uniformity In not nudiitainiHl for the matcriaiei thni make up llu? 
coficrt^te In thi' Ntructtiru. 

Cru.ibM and watur-wnm part if tint differ from »ne anotbi'r in vanoya n^pcftji ainont? 
which Ajw anjitulfirityr general ehape, anil »<urffit‘t' lealure- Mnniivcr ^limibir jwnl iM her 
iiifTunMiicNra can't iM-twc'cn differunt Rnii%tdii firnt diffb'n'm cra.^ibud induihng 

Ntrt»iu{th AndirtiffticMf of fiartirliHH, i^jM-cific jsrns'lty^ ntiewirplivity, aru.! ihi-rmid rfwIEcient. 
Some of ihesH’ oilVJOlladifFomlffl‘i^lchr3 so fnvnmnti typo of iLK^n^RMlr And mmim^ annthcr- 

CriLHhiYl ntAtcrifi!! tu'CAUire of the wrrljqnR dw^ tint jiark so widl un a aiiqJLiLrly KriwItMl 
Rravid and requir^'e h NOTtvwhat hiRhrf ratio of mortar or pUBU* or porhape a sonu^whAt 
thiniiuf pimiu (hijRht-r IT/r) for ratiFifiKrE nry w'orknbihly. Gn I he olhiw hanrj, tbi’ 
AnfpjliLr iikliwhiekitig h^lwt-i'n piir(ic3i?fl prn%ii|in a jukcuc^hfit hi^or ulri'fiitth for a Riven 
Hyf*. Wtwn^a^ snnif of ihc difTm^iift'a may pmpi-rty In- lib^rL-Rariliil cither lM'>i‘auai> 
“f iht' pnw^nl Ifick of ap'idhc infi^ritifttion to thi-lr relative uuportanci* or b.'rAu.w» 
tfw'v tend to avera^^ out, it nppi^arN that olta^ra cannot hr iJiNniiaNiNl iiuite m liRbGy\ 
llluf^lrfiiive of tliifl are th-' followdn^t: 

Ah the mvttd contraction join^ iwi- "iniTktV^i ihhhi'n iiirn-aMisRly into uw' it in iJin- 
thal tin' unihirni n^ljitJVitly Noft iimi-Hlonu aRRitRntu in paveiueELtA mid ftutfcrs 
rpitfjotiilji luoTc +*<^momirnl]y to rtaw'lEiH I ban do I he much hnTder franitc^ and ^liaip* and 
the harefer and k-eu* bom^iRi'EhMDiu! gravclfl. 

On thi^ other hanil, esta^ricnevN in Michigan vcnlie«l by -limihir finr3Lci|p4 i-lMiW'hjirri' 
i nth rate rliat llic uniform tcstim^ t^f linu'^t rjfic-aRKrt ftfitu concri.*tCp t^epccudly if tfcrcon^ 
inji^ nro tiaod iiiNtcAil of naturaE AAnil^, iiroduccfi ndativcly slippery pavement eurfacen 
iimjcr iraBIc, w'hcu dry ari well aa wetp incrt'fiddnR; nkiihlinR tendencicji: and etH'ippiuR 
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For tKi- m»l |wt, hi»wiNvi'r, Imni ck^micnJly H|u;n ui ibj mvmdmi 

nm\ nniiiu?d ju^utned for ^-cmchdi-mnking piirpjN^i^ ro lie 

H>k'^ctiot1^4 KL!tijL-mlly bi'inc \akm.*d upon cnrorfcuJ^ut]V4}' AVMlfdiiliiv atiiJ K<fcr luorr 

n^KHjdinft mnwiitiuiinJ aftgri'Kttit'H stv Report t»n ^i|^l]i^ic^flnf^t■ of 

2rJ h 1-. p. 1*2. 19^13; M «!., S^teci^ Pub. im, pji. 253-352. 11*55: VVtr. ACI^ %oL 23, 
p. m, 1927 

U^htwelglit Agereg&ies. CHndeufi hus^e Suhk tNvn afi Ajoipi^piiilc! for 
rii%tivL4y kiw-Rtivnsth iiu^Iatinjc and filk r t'fifcicn U . Haydito. n muihitJ hnnl-byTiH^I 

rlay, i£BJ[it4 nwtignUion a i^lrurturftl URhiwLdKhl u^ret^to during thy nmyr^te-flhip 
tini of WorM War I and in iiiictl jm^n^yfiiiKly in Ii3nh buildini^ unci lonif-srittJt hridjci^ 
fkmjTH. Of laon^ procaiiR‘nw f«r SiKhU^r wLSithtP and bwer fiirrriRthjN ar^^ vnnrniie- 

ulito, an alumion prTKiiici rjf hiotUe tuid ulbut miceui. and ji-rliMs armxpaJidcd i<iUr>eQLi^ 
lava. 

With Haydite m coam- ai^reRale (fnim the Htamlpoinl of Rntiiton naiuru] KandB ttn.' 
p^-nyially mnn^ aiutaliSe for the fiiv' aR^reRatei rtn-ngfhs of p^i anc* upward nn* 
altaintNl at w^dgKti# of from 100 ity 115 Ih p r eis fl. Perlite i!f3n.emte# may hnve 
Nln^ngtlv fri>m 1,20ft t« 3tMJ [m at wE ifthts^ aa low 50 to 30 Ih p^r cu ft and vertideuUto 
ffotii 30ft to 4ft prt at weights of 3ft to 20 Ih per eu ft. Tb«- high pirfafity of ihi: uRgnipftnv 
onauit*^ I hat all lightweight eonoR-toe if kept fn^ from mciifiiarp wil l have excelli-nt 
iDMukting quaJily. Coiien*le from imM of the; lighter iiirfiilat ion-type aiy^regutt^n 
rnllu^ loathly wnterhl|Cgeti fmni vapor IW well Cts ilireoi wetting. Tlib* tertilltjt in luitf of 
rlTet-tive iie-ailatuig quality and pr(imot<¥ decay nf l^^lja^.■^el|t tlmhor and or any other 
nuterinl vnjliwmble to mohiture whether the vulnemhility he decay, Rj.^ling, [l-Mlulion, 

erf wrtterlofiifiiig. 

Light woighl ag^-gi&it# prewi^nt pnipirftjoning anrJ haiehinR prohlemn I hat. differ 
matorinlly from them- nf ronvoniksnjil aggn-gaU^s. Ik itig hii^ly and mpielly abMirtientp 
thev will, if hatched dry', afjiwhrh water from tlu' Tnixtiire in undetormiuytl amounts 
that diflturb the effrflivi' wat^-r-ci ment ratio anti the wtrfkairftil y. Thi^ ti^Jn^ FtriietuR' 
in mich that the ^lijral4;al, tfurlare^iry mnditioni in indotemiiriAto a/ jj; the "appannit 
^peeirie gravity'" (iwe Ai^TM Kl2 for liehnititnui i for wnrkjil>1c sc^lid-volunw* deU'rnncta- 
titins. ^tnick piliif of light weight aggrtgaU- itml U> lie ktpt uniformly even 

though the fianirW may nnl he fully MituraUil. Far further detaiii* on bath liu^ phyi^ 
ical prOFJerties. alod bal-i^hing aapeuts of lightweight tiggR^gnttw, wht JoUw nluf ^tephelLHOnH 
f^foc. AC ft vol. M, p. 527^ I957-ltt5$: Khigi>. Priw, AC/+ vol. 15^ p. 525^ HHU; 
[tiehjirt atid Jens^en, f-'niV. flUnm* .^fd. HatL 237, IU31 f ^hidi4rf, Prot. AC/^ 

Tol. 51. p, ItlST-PdTiSj Aimt A STM C33ft and C332. 

Heavy Aggrvgwtfrs^ AggregaicH for hu^avy roiien-tcHi suitable for eounUTW'LightH fi>r 
bridgef^, halliutt hSwltFi for BhqJa^ nr nurharf HhieldiBg n^quln- sueh ftggregrti+ s ae barite 
m nAtural fiarium ffulfate) magnitite, hard henut iu-, and/or nitid FmnehmgN.. The or 1 ^n 
may bo eni>'hcd to i<uitrtblo siiea nJlil Uiatl ellht^r with fine saod or willi HenH-niiiRii from 
flirthirf eru^^hing. Omcnnrp of ewr 2tlQ lii ptT eu ft itn.’ iunnly obiaitH^ and weiglblrf up 
to 30CI lb per ru ft Kftvt* tanm approftThr-tl. ^me of the mpeeinl lu^x'CtH fd i^Sgri^giite ns 
qnitTment^i far fw^aW ctFEirn^P'# an' MsverH in tk- folLtiwing odeniirt^n: Poir. 
viil. St. pp. tl5, 5^1, ’lSJ5l-l«55; v.d. 5ft, pp. 17, 45, 1953 1951; vol. 28. p. 525, 1932. 

Grmdkng of tho AEgfegmlo. ♦Verti/or frriw/ frVuding. f <Uid Hit^ /fdwjrrJi. The favnrahle 
trailing of aggn-giile ^rve-i ihe two tnqh>Krraiit ftitkiiott- *4 U ' oJntribLiting iu tbi< 
unifamiity aial wnrkaluliiy «f the iniKluri% (2i ri'tluemg iIh- qujiutity of eemeiit |Mizfto 
n-quin-^l to produo* oimm-te of !itn. [iglh i>r quality. 

'nu- nHiuction in fHtarte al■eompli^^hel* man* than a Having in vtktl, imrHrftiiiLi ihimgli 
that ia. A» fwuntefl atil in diKuming the ^leformahilHy of hardiTUHl TOncrek% it k lln^ 
eena-nt that mintrihuuv the Hi^at rjf hydration, with \i» otleEnUnt pmbbLomH, a» well 
a» meet of thii voluKH’ changi^ ineidcnial io wetticLg and drying, ft ia alwny'w pthriHible 
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til siwurv plitftie, ful-li-sniml misttlin'd iv,'." uniiiit JHiiwiitJ= ur mim-iit. fini* nRpn^ 
ipiti', find wak'f, Iml dueU if unm’n’ssurily amJ Fuhjwl to tbi’ li-nriHion 

iiuinifi«tAt)niii< of ililTi'rviititJ vuJunu- chtinio-.* tlwt pniUuM' wnrfiine, L-nu'kintt, ftitrf 
(i.,ti-ri(;nilioii, AriA- fnim I'odt. loo much ci-mcnl L- fur Horn.' wbpliitioni. i-vrn 
man' objetnUiiiAlili' tluu' iwi linlio. 

GmiiiTK! is t'VaUiJtUMj bv xW m vr atmtydid (.ASTM C13fl? From wbtili ari,- tvccnktl 
ihi' }* rei iitiw* »f * rtthi)n..,i oii, or fallioe l«’ii*ii.'ii coiwoLitiYe wow* 

of It BTwkiJ a rki. (A.'iTM C33. fJWJ}! WuU'ly list'd for I'oorn t, uggn Rillti* luu- twi n 

thf fiiii-iii*i midulup fi rii'i' -f ww' ^ 

jintl JCtiB. 4. »>. H. I'S. 3. fit., for roiirt-- dmtn pttus, thi- ^^tb• of (ht- jM[uari' ii}n'W 1 lb 

t»inK iloublii! for itaeh Urp'r tu.'vc of I ho fim'iMw aimhtlus M'rit.-i fAr^TM Ell). 

For nitwt work tin: eotww' ia oJI Indow 2 iii.( but in nuid.'' einim'U* asun ijiilc 

up to n in. is nour reEuInrly iMiSt'i-d ihrnuBh wmfn ii- fni-tt'rH unii U-in. aispi fiftii' was 
iinjii for (Mirts of Hoovor Umh. T!t-> .‘conoiiiy of a ft-in. auwiniuoi ovi r that for it rwn, 
iMKitnuW ww not ikfiniHl suffifkiii m tidiv I iht' uddnl imtOLftnoR iJifHrultii'* minn 
dufiil hy the InrBC'st frimminls. furratrly iKUh “nitibli- aRicrt»fttt" ifruRintfit.’- Hlmvo 
Urn. but bLt weighing nion* thun lOllllii and "uycloiJi'an ui«n-Kat*'*’ ifraKiut nts nvighinR 
rann? tliuii I no Ihl were ofu'n biuid or ilnrrirlt jilnei^i as "pliutu*” in nuiw ooiicn-le of 
Ohliiwry rill- n^^n'^nlv, but aurb un'kmji ofli'ii uJuptod in nKidem wnenitifig im-thoii,*. 
Tlif Ivscbitiuor [Jatii (njCftr Vihi'JuU«\ iwiAiJtJtitiaJ iluriou tlio ItiSll's) flllaiiiiil liy tlii.i 
iimtiin one of ihit low«t conwnl fuetoni then t>n treoni, nhout 3,7 mirk.’' ptir rii yd of oon- 

erftt' faoe Fig- 37}. , . * , 

fo ffwifre Mail fiVitt/tutf*. Many alti iiiijtpt hnvr lai n niiidi'm ovoivi- uh-ttl 
gtiulings or KTJiililijC for eonctvttr neKn'jpiU'tt biwsf UJHJH Bii-vc^6i»ly.*i.4 ilnln, 

one of liw oarlitat iM'ing VV. 13. Futiw’s ‘irWl grjuiinjt ourvi , " lltln-rti linw Imvo tin- 
■‘Hjrfiiii' mndiiltts" of Edwank, the "particle interfi-n'nn*" of Wcyiuouth, ami I ihi 
■■firHi|ie« inmiillliH" of ■AbraliU'. The fiTHini'sn tiiihlullja (F-M-l. tli'fiiw.’il nS "the suni of 
I hi' cuiLiilativi' pefcentaip'-H retjuned on oarb of fho finonfSH mmluliw wriiiT? of rkvi^, 
ilii-iilitl by IIKI,” k tho only gnu ling indos curretitly much Ctmoh ling [he Imit 

gmding !r> ho ibut giviiig the Irasl vniiL-t ilttcmpts (o evulve “iiicol" gradiojifi 

invanjibly slarl wiib ihe -jiherf. -An nicgtv|{infii.>n of spb'rifal partielrf, of nny equal 
LlUnn'lerB, Imwe MtiwkiKi tus if inwrilKd in eubp*! contain,* 4S (K'tn'nt voidit ihavitiR a 
"Htlidily ratio” or "itenidty." W callnl. of O.M), Tbi' ■'ami' uno-nico sphen's Milid 
parked wmilii haVi' only 2ti [itTOent vniib Ijnoiidity Tatie of 0.7-11. As.niniinB Ibe rolid 
park, the ne%t ulert i» tu ctauinite the diaitieier and amutint of oquAi cinnller i<|ifLi<n<.* lo 
lill thci inU'r^iiwft in'twii'n tin' larKtsn (die uml, ctr. 

I'lLfortminlely,surli nllempt*oveminijilify theppibh'in lh'i'nU.*e (i i aiagn'Rale iMiftirle* 
an' not 4 pbi'n,rnl+13) ibey' |imi only rnnU'ly sLietl, and (3i they will m>t tiikc llte rehi' 
tivn [ifirdi kiOf. to produee tbi’ "tight" pnrkiiqt hmudii'iJ- Ti hiw, for cxtiniple, iKK'n 
found difficult lo pour of lamp spberen of any ola- diAirvcter, into a cnntnitier in a lUAOlh'r 
lhai wi1i ft!diice iIh* voiils rpoce irnieh lu'luw 41 lu-mmi uuilidity wlin O.Sti. only O-lU 
hotter than [he hMjme [Ku'k.i. Tlw pmliji'm lhu», at iln inreptiuO, lieei.iltKt) empiriral. 

Fint^tg^tiptit .kiiufiw. Fen.'!, tia* Fn'iirb ioveitiijisaiur, and Tnllntt iit IHinoi* espi'ri- 
iiH'iileil with Hue amm’i|(nl''=‘ fnjUl iln' imiot of vk-w- ihnt thi' line Hfttn gHle, itllieiit. amt 
Wilier form the niorliw' tuairix ihai siirroutntu and lillB in la lween parlirluH of eoarw’ 

ufilffi Till' all.It of moflnr nquin-d ill a givi tl Coiun-lo tia'ii inToim-s a fuiiClUin 

tif I ho VLiiiU in Ihe cou™; angtegato; the lu ltrr jsriiidiHl the roima' aKgriieate I hr less 
tih' incniar (and. thin^oi\>. the Ir«i ilm ft mrnti miuin'd to pnxluee eoiien'lr haeing 
the Ktnngth and qualily corrtspoiHliriS to that lUirticular innrtnr niisturt'. Again, 

t Titr IWllh.l uf uju* tie ^ndswnwet-wauir nuoiar M tiw inDjOl iiwumi et the rmrrn[-«ii[i"|f Wi¬ 
ll* ilei™ ibp Wilrf-miinil.nlii aeiirfarli} m«l* B* ntlrr n^U'nJtl enijf ihi- ftiar*r * 111 - 110 * iMiriH lit 

tht iX.llir?»ar It tllll Ihr Hue mirrmlr il-j-. rt;re,«. 1 iml mfliim^ on * " 

ul iWpSt*. KrtKiel*, evr.li Ibu-Jlli. tl» »alrr-cCiiimU«*[r ta tll« |.rw.|*ry iklrnnininl ul .1 i-riK( h. 
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thp ifnu.lL'tJ thr filH? iig|;iT|i|E|tCp illi? ItiMi will be I he cenv-^nl Jr^jlMTcd to prodtltu 

itir»rtar hikU Lheri-f-rpri^f nf llh*! ik:f*in?rli Jiiialily {L^nw. lUinmA Etig. E^jiL Sta. 

huiL imi 

Tht ^^unv. nmy Iw' viauidiied fmm thi* 

plulteil dalM- 111 Fi|t. 30 ptoiti'd thi' rfiew-iJUilyR#: iluti for tb‘ fitir a4^Tt-^iv* uf 

Tiilile IB. f >ri I hi* ■yiiiii' dtugram appiiaj" Sbi’ liiftitiH fwr finf iwki anil 

an Ji-^ismitf^L In AHTAl C33. Thij thn?*^ aileniiiiive nu*ibodfl of TvcorJin^ iti&vf>&nflljKi3 



ASTM Elt-39 $iev# 3i»i 


ponioaso 50 im le a 

Sievfl numbcF, lintflftss mcdoluK sar^es lASTM Eli-391 Naimol ScQlf 

Ftn, atJ, aicTB-ftnpilyfki rurvu*. fftr the fine imErvffnirx of TmMts III. 


data and tbe cii.IiMilal:if>n nf fint-oi-Rii mexlttliiii nTi|M*itr in Tabtn IB- Fi|fiiri' 31 iSlustnito* 
ploltihR for all thn^^ Hr'ayp of retoriiinic liaia for ^xith a fine and and 

for om- prupurtion of tfai mrnnl 

iSieVe-hlkalvii'll* |MTet! iiljyip.'i* art* ploftetl JW ordinate#- (tUltlinil iiraJi*) a^pilEIr*! pk'V^* 
o^a^niiif^H a# nfiwiisftasH to either a nsloral or a luj^antlmiie Ncab^?- For the F.M. si*rii^ 
thiT lipsarithmie ploUinit idvt^ equal i^padiijpi for ibo mm^ivv m'v^' mit'H of the wrum, 
bu? il]uHlrttti*d by Fig?. 31 32^ find ^i3. 

In altf iiijdinjiiE lo apply analytirally ihe rs'^ull-a of gradioR fttuiliiTi one miist n'eo^nixu 

ilmil ^ L 

1. The inortar do.-i nnt surn^Hynii tlii^ nairse-ngpt^te frtMpiierda Uki* a fluid but 
iiitnidueL*Fi weilging and addi-d wrwTOEioo; ihe mortar retiuirvmt nl wil! a! way# lie in 
eiiWMs of the voith m the cmrm.- afuen'Rali-. 

2. The harnbor or ooan^r iho Eni? a^cgn-icaLe and (he hawr tlu' aaortar, the more 
pronoinieed will be Iho wt*d(dn(( effeet and tbi' icmater will he* the ninrtar eMW required 
to prolucje workalile concrete- 
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CEMENT AND CONCRETE 



I *--'"-——/?he 


/nJfv/iitifff f/TK//o/is 




Seporw^a^r. w_ 


c 40 


- Cacrr^^ 


FlO, 31. S]evF-imd,viii5 fttr^'rfi fnr Hrw, iiiiMfl. and (Jtmfw atwru-tiutv. DilTertni nietbnt* of 
^trtlin^illi^rit^ {wii„!u»irithiiiiej. {AST.V Hr part on Hitnmina of Tra* of ConwJ,, 3d 
ra.^. Jt.. El-I, 1H43 j I ij 



Sieve Nfl, fnwntss fitsduluj Hri«t, Igq ical* above No, 


F(n, '33‘Bivw flnidi aU: reooio moiirJiitl ^ruiiiiR loiLn for aid hoo nwrrogulffl and eiirrua 

for eoioblriod nncrefietee Ipt 3 vaEien of oonrso to bno (HetiiilcHniFil h rii let 4 ^T W firtttfr* nm 

SfeoiffMorr inf TrKj i^Canrrrtr, %t *4.. n. Ull, IMa, ^,.^^"5";"“*“""’ 
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SK]-ECT10X GIlADlSti agoheoates 

3. The liiuT lEniiiiiijt nf tbi’ fim- AiSj?n jpHi‘ th- jerintt r will In- f h,- ctwnl muJ wHtt r 
n.f|Uin‘nM'(it lo pnnisHv n worktUtlc imirtiu’ mislurr rif ^pt^rifittl rtn'nRlh, On ih*' 
lit her hunii. a fim-wirnl mnrlJiT pf xlmtii li e;* u ixJeiiiR ami Inn* Rreatur "mftra’-rfiRn iwt** 
rnfrjiiiii t-npiu-ity" 'l- iw 4'*rc«. niortiif w n.’fiuiitili. Thii* rninp<'n!i(ito«i only in jmrt. 
hnwt\fr, jHiii iiu'iiluiu in cufitTH? winrU' wilhin the nm'pnHl grmliiiij; *nnf produis? in 


the mnpl ^ulUfurMJrj' 

Gtmdinfts finer tbui the limile inJieutiil in fiR?. 31) and 'Si w JiSo-'ly to Kk* iiiH'«pni>mi. 
ml (n-ijuirr itn niin.-ei fi^arily hij«1i rt nienl factor l-ermae oi’ lht‘ sn-ati-r w*tK r n'<iuin'- 



iiwnt fnr worhnlrtlityK (uid th<«fH; nmr!i tM«wsi'r orv likely [■> lit* <w birsh for Fflti*f(n-uin’ 
workaNlity. 1/ thr fiiu< uitipeR»ii> tt)]j(roHt‘hi;!i (In- limit of fini’m*!, tin- ciwrw 
(latp.- mny npphauth ihr limit of r.aiiwnt'M ^ith \r^ ibiift-r of unworliJiliilitj- tlum 

nthi‘rwi|ic. , , 

Althmigh virlimllr nil ronrreii' pnwlitioni'rs n>ooftniij" the import tin e.- itf pruperiv 
ErmhHi iisBri Kuttw, mnnv find ililliritlty in vi^uNlwinit the itrwIinK or rieve-nruilyj-h* 
rijrv™ ill of the rimertli'. inrlii.ion in Pj*. 30 of the !.irvH‘*nitalyMa mntm 

uf Tiihli' Ifl i-houhi bi‘ holpful in I hat nstird. eriif'ttlly i-tiiiii.il ami coJin|jftn-,i or liK> 
himi* Ilf jioch relatiNj prn(i('rlirfl ua finrueti jiuvftifux mid tlh' wihdOy fn/ion or nmf* of 
the HHniln in lin' Jr^i-rixiiitd (Miiiriitiuin 

ffrumiirneiriirtJ r'f Cituat .Iscrrrjfdrjc/nr V’nnmfjr (V-«. Thhie l.fJ ttaken from 

t .S. IX-pnrtinenl of Contmera' f^imjilifieiJ Prwtin* Ifi'enmnieiiilaliou R1IS3 siipphi# 
nc(iiiinn>niJwl aaEn niiitp (smiiinR tTUises for eunm te ntwl olbi’r purixmt-H Piinwily repirw 
JiRKtiitPititi of eniahed Stone, isriplifl. or sliigl. Typifrtl niH'i* for the fi-Vt'ml amiiinKr. 
an- iiiJiealiHl in Tuhle l7h. Talde 11* fl|iphjsiiiitite eiimvali iits for sm-p iis or 
sleets hnviiiK riKiiid ofm'ninitB n*. tlum having jaiioiri' ip|)t»nini(s- 

(iftp ffVndintfs, !<omi? JnvrattHMo™ tieimimi'ml (Pftf* Rrtuliiiic!i foniiiwion ut a-rfaiii 
«*i' fFartkiiul. Til iJeiniaH! ur omit idtomthiT w«i to (he mHxiaiiim size fmetiun of 
ilH' eiianii flWSf'i*»to, pwlditii! an weight to the nwtliniiin MiRi‘ wili Hitiii’limes 

inipron- worknliilily hilt nmy in m t miw's rtiiilril.iite to N.ntvgBilon. Alt hough in 
wrtiiin itu'tunet's gap gtiulingi* haee Bdvnniimjti. only in an uriusuiti casi! mulii flhr 
.H>[wniti(iii anil wjuitiiig of om- nr niore «k* ftiuriions he jmilified, l>n iho olbir hand, 
Btunda lielicient in wfrtain siseji will often prove ettlirely and eeonomieally aatiafarturvL 
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CEMENT ANt> CONCRETE 


Tahiti: Ifi. An^tu^^lkiATi^LT bkitfiv4i.K\T Rui'ni]- anh ^rARK^fl^vxva TKa^nj^o 

Tlibi tsiblu Klinnrjf t}w: of round u|iK-iiinjGF thflt ah? apprnKimeitt-'it^ cqui^iRrzit lu tin* 

atjit«J Hxes of Ai[mrv d^hmuuj^?! hi tfwTing aiev«(. An- Obciae of t Ist? Uiuud 

Srnt*» i^luncljkfii ^iovo Mr!hr« 
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iTiMfl 3 of ^iPiu4ifi#d Ffulkv Hiti^iiaHrf»Liiltiti ttin3-i^ ^ Comip™. 

R(?un* a-l KhowB li Twinty of grdd.tl aII IvaviiiR idic-iiiM dniMtiw mofluli 

apiiroxinuiti-ly imuat to tJmf for Fultor'^ "nuMimiini curve/' A^irotiui (/■f'-i 

^fuf^ I, lAw» InctilLiL-, IfllH) n'p.jrltil Him- nc mil prodJi-inR flu- wtiii' 

iHsnrn^ti'P., uainjii tho tt'tru'ni fartar uiiEi wAliTH-v^uvi ni ml so. 
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SEl.ECmoS AND GHADiNC.? OF AGiittEGATES 

Oplimurn Drlrtmirt^ Fttri<irM. Xtc-lhnd?> 4»f plftwmrut anrf th' uf nT- 

Inin iniu i>r iMlmi3ctiiin.'*( irif!iJ»'iiPi' tJif KTrwIinie that b juitwfjuHnrj^ vihrulkm, air 

PTitnunmnit, for i JUini(jU% jm rtnil t i eir hetwhi r hui i cotvotiiK'^l misl un^ wllh limx^r 
4 ^'iin^iit niiiJ/iir !Min 4 | 4 .^oi^ti*ut than an? ^tiftfartoirx" with lukpd-t>lhc*iiig im^ihiKbi or iioEi-iiir 
4 M!itnunlkU'l]l. If ibt^ W K-kll vtly rirb n higher mtHi of I-Oftrifle to firH? 

ajt^crfjpktc can trf* tnvj^qjM* the eemeni fiiiictioru* it* ficie ^aiid to sTootiibiitc Eo thr 

"roftTw-ajsitrrjtn I r n'aiTyiiijt (‘nptir'i Iy." 

ClimEteri^tics of tha Miiad A^eette- Thf m^pamtioo of int|:n!gaii‘ into fin*? ftnd 
(vj&rw (F A. and C.A.) \s a 4 ?anioiyint li>uT urtifirtaJ and BJtatnir>^ deviee^ Tbi- Hue 
n|El!^“|jpitf a highly HigEiifirfint mnulJtuent becaiisf' i?f tli«* iitfliM'noe p'r piuaJ 

which tm angnTsatiotl fd ■^nia]! imrlirh'^ rxcha ii|khi the water and cr-im-nE requimmelit# 
anti upno wfiTStaliilily n-if ihH- ('OP!?o’U'. ibf n^Ju^r hjutrd, tbj* c.uiajvni agHn-gjil-i' tuu* the 
tnorv prcpnyiin«Hl inlliii'Eiee uptm t'etkOT'rrty of pjo^e Ihh-aui^' nf itF ifrx'ater n’lalive v-oSmue 
and repIlieenii'Eit cafmErity al a eiewIv ei^ciPUmf miio isf waller to renientr tor OHit't 
att'Thi><irt of prop^rkifkniiig, U lia« bed'll ElUtirirtiy En ih*tk\ with tht* fine aod njanv 

aggregnti^ A .4 -a^pupEi- uniti^ rbai mn be eomhini d in d^vlmi nmotiEiU than to En^at 
them na one, Ap? a practienl inal leJi’ it ^ ijo^wthk to Piaitdftin a iiioeh bighf-r degree of 
coEiatanry of gniAiiiii; by eomhipiitK the aggrfB&Eet^ at thi’ TnisiT limit fotihJ pietrably 
fte done by fiiiemptioR to tnaintain. fEt(^ek-pih‘ nndijrinily for misi.»d aggregabw. h^kr 
a givi n rocim? aga^n'Kale tike gradioK of the fini^ agKTegiite ?f‘b?Cti>tl will gn^atly inliub iiee 
I lie Eitlalily of the ronnfete. Fnr a pi Veit fitu aRKn gate. tb> gTarling of the partifillaT 
roai^? aj^nigiile ^^dt^eEkil w^ill nukiniy iiifimenee the* eeononiiy of th' eiPTii('P*tt*- Howrvnf 
thb. Itkdy \n\ mnen^le eotttJiLikH lioth fitie and poan*-^ ag^i Rati^ and, in far a» itk- 
grading Ip to la* Mgnifkeantly n'lati'd li> thi* rharacleriptibr conrrf:te, it m ihi- 
iX.nifjiiiatioQ nf fiiv^ anii roftree aggn gate ifukC mtwt Hnfllly b- ei>nfLderei1. 

('ritfTia for Hnifo a/ Vmriif in Ffae A<?F^i3nff. In gt'Ew nil. like nniM I'etknoTiiieal esJll- 
ente will bt- the one carrying, without unijue batribni-sP, ihe aggrkgate. 

Thn'i’ criteria an' ftiHiiuenlly uaLiJ as indieal iorip pf eoamr-aggn giite effectivetifot^. 
They ojv the liokiting vaIim-? altniiialfie (tinEler ibt^ efmilitkons of placemcnU for h, h/a, 
and dt'fiia^ a^i fsdkiws; 

A « Nibtl volkUOe of niarsi' aggo^gute in a uniE Volume of ibt* i-onen ti'. 
b/u - miio of wild volLl^ln^ of I hi' nmr^sL fERKn'gate lo the wlid vE.luini of the fine 
aggn’giite in a ri'pn't^'nlatkvi' HuiipSf of ihi^ eonro'ii^ 
fc fc,K - ralii. ..f Ibe wlici Votkinu' of the .nuihm^ agpco R^ile in the conrreto lo lb« «iUd 
volLinn^ of I hi' mikiw aggr^-eaie lliat mnlil W- matle U) -leeupy the P=anifl’ vifintne tn* 
I hi' e»iiierv'le without I he preHinin’ of retik’nl enf imiHJ. 

With auy givs ii nuiid-ecment mortar ihi- lifnitirkg vaJui'p for l>f>th b 4md b/u depinid 
ti|i 4 iEi esii^Mttiallv tln^ jianie faelot^r v'ip-, the grailing, sHba|a% Jk-nil ukii-tipiniii sdie itf thi' 
eoarae agKPi'Kjiie. The ratio h/bD differii from thi' olbi r twi» edu™ in that it w jwi- 
niBTily a uwaaurt^ of the wi?tlj^ing eharuetk^rifitiep of the mrkrtar and givi'A a li^ dejvi inlahli- 
iiuliration of tbi' grayling eJTi'etivenf^ of ib.‘ aggixgato Jf the P-ua^nt-waters 

ranil rfiiEPtar wi Pt^ it nt-nwialgiiig fluiih the mtiik b/iH.^ wimhi ia^ utJty reganfiei^ of wbn her 
Ita- gnidiilg war. giNxI or llki; MlmEh ^ of imrlit ie favonkhh- Ti i^la (Dkinagan. Ffnr. Af t, 
vol. 3<a, p. tMt>, U>lin e'iiEiw tbkt h a pKirly giadiai eoann- aggo^gaie baving low 

vjtliK 1 ^ ff.r b and bf-a docp fiEkl difTi r go aily fnmi tbit for a welli^radiMl, favomidy ahapi^iJ 
tkggn gitli- for w hich h niLil h/n are nin^^idt-rably hight r. The cbtrati4rb.lics of 

the eufki^ ugiiyi'gate ibnt idfert V^able'^* of afTi'rt vitlut't* of ft 10 mneh the i^atiie exlellt. 
leaving ihe min* more iir hw^ iximainnl for wddidy diffi-n^tki roflin*!^ oggn-gnl^'^, Ap a 
mierimi for ihe ^haiH-grapling .xeidhitie.- i f Hggr. galii hJt^l Irti'ii ihverramh 

hnk aa a Iwwjp for the I^valunlion of n-lrtlivu' poarH^JkKgn^ipkle ranyilig t'ajtiU^Ub'F of 
kiaortam kl eali la- rvuule lo aerve a Ureftll fijnE'tiul!i. Af I hi* innJEimUEti eiio ksf ibe akirn-t- 
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CEilEKT ANI> CONCRETE 


CMEUTL'IPitt'' if Incn-jifixl tor Lht> mixturtiff of Tnhir I he vali>» of b luifi b/a inmAac 
np{)n*cinh(y, b^l if tilth 

TAiii4i W- SI SuSK or Coah^h AmjioiiJA-ri: iv RiXATiON to QrASTiriKri^ Unit 

WEIOilTf, AND ZnDI^IE# 

Contn^U" imxiiin*z< fTiiuJo from Ihvm mntoriiilif. Wntcr-c^^ni^i^ni mtici npiutioit At 

O.ol by HTiKhi - it .2 |jer XfPiiuiiAl 2 S-iiiiy fflmnicth 3 sHCK> ^ 



XcAt 
pnj<lp (no 

MtsrUr^ 

F..^. 

OmcrpiiK, mftxiuum Eitp of 
Bggn-gnt? 


aKEniftfit4>j 

only 

I-S in. 

0 in. 

Olii. 

I'mpnnionf by weight . 
Unit w^hli lb ptf eu ft... 
VVnrkAhilitys ________ 

1:0:0 
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l;2.5;0 
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1:2.5:4,4 
K^il 

Slump 

S in. 

' 5.2 

1.3(5.2) 
32.1 

0.48 

1.75 

0 73 

2.72 

1:2.5:5-5 
\hG 

VVorkfible 

l:2.S:7.l 

155 

Wurkftble 

YitlJ, on ft ban,,..,, 

CtMneni, hbt per ni yd, or 
eaeJufi.. 

IValnfp pp-r nil yd., 

b (rL'liilivo Tohime of 

. 

1.3 

3.2^30 8j 

127 

2.7 

2.3(10.01 
61.0 

li.3 

1.1(4.4^ 

' 20.2 

ft ^7 

5.7 

L0(4,a) 

21.0 

n 

h/tf (rHliP> C,.\. In K.AJk .. 
bjhi^ (.wc dhcux-d^ii)..... i 
F.Mr (Ilni!np^ 

P.M. tniinni*^ modlilutp}, 
CtjA.- ... 

J * r - - t 

2.72 

U+ ilf 

2.57 

fl.8I 

2.72 

'fl -^T" 

Cf .If] 

2.!^ 

0.33 

2.72 

7.10 

P.M. (fin^^noszs tiifjdLiJuii), 

nuAwJ. ....... 

.. 1 


5.00 

H.as 


" 1 

Ll 1 

0. au 


Ffw a ffwa nuuinmm siic nf aKKn^i,. wiihin Ihi- n.^rDial j^rndihE iuhl* (hr- ccu- 
uTirkftljli- (nii^- of niistutx-* r«Jl8 mthin it a-lutivcly nnrrow Kmid fo^'ihc mtio 
uf C.A. tb5 to F.A. (u). Thus for n iiuucirttiun «i»> of llj in. the mtio b/o luuftlly fullij 
ticiut-oti 13 unti 2, iiBonr 32 shim-* iiiiiM>(l'nKl(n-jptU’ Km(lin« cuivtt* for tbw valuM 
of h/i, ovf-r ft Wirfo nuijti- for I *^in. mnxiniuni A^wn-fpiit-, ana Fig, 33 jihow* niim>d- 
«M»rr({atr KTulintf eunw for vsluh. of 6/.i miiKinR fn.m 0.3t» for finja. (nMtmuiu 
»iiyp’<'4(ntp' to 2 .f 4 Uir niAJcimuin 

Wiih thr- p-xwptlor of boio« mimoiiilty tiii^ in noitorial that pw^-ti ibo No. 3fl rii-w 
(Bouldort ^tn ftll rrniftrka}.ly ia,r tla- moilLm lim-s ,a tb.- of n^ommond.-tl 

V"" f™"’ *•’ itvirrofian of Fig, 8,, a„,i rtn oarh of 

whirh H,sm-r rBou^o,) Dan. Rnt.img is ph«,«ia sttlid lino within 1h.* 
*oni-. Tikis oc flanvor \Hm ft^wHtK anrl mixtuios Kupply itifornifttion not MVailahlr 
olia^birco on romparatiw gnMltn®. otti.ndih* to a ht,^. mnxitnum swo, 
ftap mutt h^t ^mind ihftt thr.- ratio bM Amm not clotormino (ho rirhh.s,* or Irannoss 

f«7 .Tr™:i " 3 ", »•' 

-'r “ T”'^ for A rolftiiwly as 

t it JSl, 1 = J: 1 - 5 - Thi- of eiwnt-wator pnsfo 

m th- nrh mutturo tnll fi1t ,1, gra,|,nK nivt all «f wMob enuld ho fill«d for « n^lv 
KM iMwniwti- ,f lb- pasliHagpi-gnto rtnio won- low. Tabhr S givtK mammuini™ 
of iigRrt'pttf- rwi>nitiKinH,Hj tm ^iifTi^fniit uf wcirk, ^ ^ 

Fig. 36 utr pltri titd iho n-lfttivi. count It uonts in a unit voluini. of cmnowi,. far tL nwgo 
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SEI^mCTtON AXI> aHADlNti OF 

of KTAjJitijpt whtiwii in Kiis- 33 35 and S(J thp pmrkiMj n^uclion in 

wmfttit mjuiml pfl lilt- nMxiiiiimi siw ckT n a 44 P^*KiiU‘ b j&im'aiii'tJ. I^ntf of 

thir ikitt on I ho «‘v?‘n 4 l uf Fi(t. 35 mv. jcivi^ti hi Tal>le 11>. 

F!j(uro ar iibiWBi Hh' n.'Jntinn rih' of atCfErrgato and hnUi llw unit wi-iiiiil 

ami cH^nniTii n‘f|uinriiw'nl for a nuiiil:H-r of tif^ll-knowii rliitti^ in rt^lntion to thi"^ ifirwillor 
rotictt'lc in riLlM^f ty|^‘p of tttniptnnw. 

PfBi^rirpd limilatiort^ on nmimnni n®? of nftgn'KiiTo nmy Iw? nvniliilwllty, nnci 

hiuiiilLiiK nquipnH'Jil, iiuiunium diini«tunoiis of tb- pimcliuv • maximum kIio Mhnuld not 
om>fimrTh thr minimum dbiH'iu+ion tho forto)^ and ti|)arin|^ of rtiinfofi^inii 
il«‘L There ifl evideneo thal tfu^ p(»i> - if aggn^te inefe?i«?n al oon^lnnl watiff-eenient 



Tia, MuimuEn Hie of arwM ooarK aswr^^hU- tn relatom lo nuantJtiia of wlornt, 
anti?. And wot«r^ Hoover Daeii ninteriitdi. pa o/Tm#-i o/ f. snpFWir, 

'M td.. p. mu, 1&43, Fia. fld 

mtin the BltengtJi b bwtwi {Frat. AVI, voL 32, ft. 235, lD3fi)i, but thb b rnn^ 

ifovn^nnal and i^niewhAt arudcniir i4nef the elfeet b not of jiffnrtirid in 

cnmpnrimn with the hcnefitB nrenting from the ^HisBitple rP‘fiiJC!tiE]ii in the rernent, 

Th(‘ nhape of [mrtirliwaffeflu the pbring itunlily Esf llw' mlxltiri?. Crwlied 

aiiKiilur fragmenlB ntiuire fuiTnewlukt nnin* pvte nr mtvrtar ihan do nmiidiHl grEi%'e!» 
BJiiJ H'wshed s&ndj but for a peen waH-F- ctmw'nl natlo the entalipd niAterial i^upplit? 
akmjt enough uddi'^l (UTengih fnnii the inlerfoeking effi-et lo wimp^jrijjito, Thi- mtin 
of caamo to fincr^ b/fi^ ns?«b %n he scinn-what lowi'r for eruahiNrl material. For nomiiwl 
] niAxinium-aggregzire cnnerx^te the uppiT limit# for h imilo of ftmTse iigg.n'|?mte 
in a ujift viduim^ of E^Emereie) nonee bTf-witm D.40 anil 0,5ll for gravr^a ainl 0.35 

lo 0.45 for eriMhnl atone or alng. To tnctinlnin eoii#tanry itf praEliog it ia 'tften iti"?«intble 
itM havi* Iwn iir iiiore wi»‘ w^jmEnticina in thi' etMiJ#e-a|4iTi''|Eaii' moju^, eac'h f met ion iMong 
wt'igheil into iht? batrh. 

Defective and Rencrive AggtegaeeB; Water and Chenucal Ccmliimnalinn. [■ri:ioufuf 
Apgrf^iiM; Sfnny eheflH aJkI KJUne other n’tekA tlml aji|lrar to Ih' hard and 

"oUml on!- unjEatinfAEiton' ftir eontn^tc! iAH'utiAc of irtHtahihly lUiLler conllnut^i exponiue 
to iiii>btun\ aEterhate wtitting and lirying, or froeiing and lluawing Aip tbtry deten- 
orale thty awelS, prudiidng forma of '‘mapk fmeking" atid “pop^uti” uti tln^ 

Burfaet? (i ihr concrete in whirh iJiey an* embeddi-d. Any defuniit that eontaina appit'^ 
E^inblc quanlitk? of rlisfl iii'Otli to he inveatiptted rantfully before nm^pUnce fur 
eonereti^. 
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CEMENT AKn CONCRETE 


Sofl Qnd TTrffMrrfti Fra^mtuts. iimi mntatii niuiiy ist)ift cr •Hi> 4 tU-n-d 

partidi-tii «r ftRBmf'iklii of kwI, dwke, ur wood nri^ objrctinna^jle^ if rn-ar lim Njrfart^ iif Ibi^ 
eouetvtc stifb particle# will wcuthi-r ainJ priKlurc pifi|ii^cv«-Tk thnui^ ihi'y may 
Drfj diiimplivi' tvTpim#im. !;^ft aKicnipti-i^ an? nahjeci irt abrnrikm ifi iuuicIliEiis nnd 
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3333 
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hlox^mum %iit ini^hes 



Chon bq^e-d on ngiural g^^reggie^ otavtfOQe grodiaq 
in mijfli hovinq o p/c gf 0.54 wei^hi, 3-iftCh slump 
and recoffifn ended air cgntenli 

ftw ' TT^ "Hi! WT Tor riiMlmum litM of Enrcent^. 

Mgntro;, t Eut. p. (11, IJl&SO 

Such Rbri^oh nmjr wriuiu^Ij, alur the «n«liu|j .nd phnIuc^ of £»■ nwU-riAl. 

m W,y KrtiiH usKycKHf.. «oi k. «,fi ta objcctiorndtly m tiBndIjni 

UBd ^ not 1«i «,fl f„r «>n«rtot irui.iy nf the ,^.Utilu>ly «,fl limrttohi., B«kS 

M«?tlent ofu^D letter thun «,nh‘ of the hu^dor t^herf trup, anti Wit*, 

iwi^ tbi- ™ mwch n-jwonalil.v ^ wfarlnry vnn rigeiicy concrete in the l^wrifie tlkutcr 
ar Hindi' with coml ojgtn'itnti', hut undor niiminl comliiioiu tiu'h matniinl ii tu W 
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rts»e*i aittfHig (h«* imimuiil or Rpm/U-purpcise ajgjtfr(ti*ii''j( wbsi* iome nirhi pmpprtir 
low di^iurity in imivirtAnt- 

ft^airiipf IWrO Uteniioii !uu< Inxii focuaed cm Xhe phijnnrwnrm 

Fi!(kjclivi‘ ^yp<^ acH^L'fited m f^at^^^actor>' hut wMrb havi' 

Ixvn fdUEid ifi Cfirtnin i^nvininna^iit^ t<^ rw^t artvi'rK^ly with witiii' rt'nii^ntflr 8<!riqi4fl 

dlNHiption of thb. »riitin tKrurwii mt Parker I>iiin. nn thr Colomdo Rivi^r bt^nw Ih^vijr 
{Bouitlurt I>am: hml^r* ami abulnu'iiiA in CHlihimifl and tnany otJwjr pum of 

iht (Xiyulry. thi^ nondunibility of which Iia^J previEULdy bei-n aarrilHd la' action"' ofr 




M^KirruJiw SiK cf , inches 


Fm.H7. \tiuiiiiucn mjW- of KrAilcd cflBin*e psi^esatp in religion in dcrnmt fartoF ind uttit wnishl 

conm4e fi>f n nusiihw of iiiifrfirtanl dninii, 

‘'{MKjr mnrTi U’’" biivfc> tjwn rcninrl t4> bi- vki{pi#i of iwiirv'w ctn miral n^fu-tann^ with the 
rt incut. TtH' work of Stanton and olHi linlLi« Shi- iliffiriilty to inEemetion bctwwii 
alkali in I hi" F^’mi'ot and eJh’ hrkp'i^Ii- siTHler ceftfijn roTnlilknis of ("ompoMtioii nmd ok- 
po^iirc, 

Xhcti. MiE-a, of which j^thrH ciuantitiM an- vu^iblr in nin#*t rmniml iAtiM w obJ<"r- 
tiodablc if murb iji prc^ftcnt- The thin platrlikE- ^d^ll^tM■n'■ mako*' itw' partiolcfl wtukj 
thi-y an aJjm Finmuh. do nnl wot P:a4ily, and fail m bomt prop« rly witb ih.: coniont 

pojitc. 

an€l mhff (kgitmr rantAtmnntffrn. Sn^r nnd orgaiiio inipuntk^ intorfon" with 
Iht* hydration of the ooment. mtilaniiniitkm w usually inckhmlal i«: acfidrnUl. 

piTha^H* ft! !thiEi|jitL|e nr in H'lnv of t^tiptar ba|j^ fiw mmciil or agiPT^pitts tannic acid ot 
oibcr oricniiEc ini|ALntii"s nn* often pnwiif. in ihi" aKKroT^aSo ik^poFllj*, and iho FiidnivF of 
fifthly platvil c<mrn"le niay be djiniAjEnd by coinr-rinK I honi w ith nuUkiiEO i>r flirniitcBrai injt 
^^traw- .^^tgregatow mav Iw fni' organic ipi|puritii"9 in aorordam:^- with ASTM 

CdO anpJ for PiHanitm-^J by A>TM CS8 With carlain vsccptiotui fwater containing 
BUgai, for oxamplo), any fwEabh- waliT ir* Faib^arEory for conertte, but other walcrw 
niA-v i^nlain sjt'wiigi', Immyiirtb ®r nkanujfAoiiirittg wa?<-to.m nr wilta- ^?ca water 

{i»eo S™ Wnter^ can bi- w^h\ with «anio iwlurl Jon in Ftrcnglb; j#onii.‘ minend waters nir 
whnlly iirwiuiUd for ii)nrP"U", Coaled ai^n-s^U-n an- barnd, dihEmj?b not all 

liani fimj poatinipi. arc injurious- 
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CEMEXf ASt> COxVtlKCTE 


Surfad <imJ *‘?Afipp nf Pdrtidr. Mcwt WMbi'd (roundiKl) Kit wi4l 

^ jinKukr t-ru«t|H'fl hivi* sfufBrjrnit micriwiptc roiii;hiHf^ to boml Mtipfikctorily 

with the mortjir, njthi^uith im- aniinubUnlly pipikijfinmt iik'APurtJhlr^ difff'rrurfti*. 

A|y(iTKaU'Ht w-iih gW'tfty nurfflrfHp luch rui ohRfimn, irt^ objeftinmihli?. KUt AhrJ ptcihKqtiMi 
ptkiiirb^ ikJT (ibk«tii>Twbki piifTwirily fcNxraupe of tikiir poo^ piu^kitii^ quiility. A|yEn'pit(w 
with filtufr mcHiiib of elwntirity nr tbi*rmfl! ooc-ffirw^nli that differ from those 

of thj^ jiaflte nmy, Undi-r wrtjwn tHwlitions ctf temfjrmiurr' VKfijition or prove 

to be quite iiif^riDr. The former miieli uwd ptipuJAtiun ihut jiAtvd iihull be flhnrp*' 
ia A tniadomor; m imtunaJ saiht is ever sharp. 

APPLICATIONS: PRACTICAl. ASPECTS 

Bltrlu^ and Tmiispqrtiiig. Conrrete is nonr uaivutriBlly pmportioni^^ rnbtt^, and 
dlaclianoHl in iifltctus rather than in a continuoLU ojiK-nition io which mfLtcriaia flow 
into the niian^r ai a steady alream of conerete etnt^rtois. Formcriy hand was 

murii uia-d for jrmfdl tnit idrtuftJly aJt prriientHifiy concrete is mBrhiikf>-miapd. 

Mbcet? vary' from bboratory marhini^ of 1 or 2 eti ft capacity and ftniall-Jub one- 
bag tnixfira Rood f<w A or fl cu ft, up to the Imttertes of mixen<s of 4 or 6 ett yd each. For 
SQkalll work the mbserp complete with gasriHne enginn, is uft^i at the sdto of the job, 
which edaht Ih' }q4iew[ilkK driveway^, or basement floor and walls. ^'piivers^' abo 

i>iwnite near ihe pcidfit of drpofqi and are nMivi^ bJooe on the pn-|^m| lulittraile as the 
work prcigrt^rtSe#. Far mneh othiT w'ork the mijciiif; plant i§ slationary at or niAr the 
site of till* work, the etmert U' bt ins conveytnJ to (xjint of depoidt by wheelbarrow, 
'■huggy/' huiffl and rhuUvi, eaii\n(:;yar or belta^ or bueketa on eabfeways, or by being 
piped pneiitiiiLticQJly or thul into plncsp by w"ay nf air hew^ and a miacinf noExle. At 
flnover Dam tin? high^li^vei iniainR plant had in dnniltaneoTif oph^rmtion hik 4 on 
nisKers ofich discharging into a 0 eg yd loading hopper from wbieb the d eu yd bottoEn^ 
dump bueki^tJi were with two t^uenjssive IsHlehns and conveyed hariionlally by 
cableway and lowelerl to the point of depiMit in tJvp dlUll. 

(Jf recinl yearn sV cenirtM wmpf^ fdant has asotimiKi mmmi'reial importance^ 
rlolivering the n ady-niisced iviiiEirete mile# away to the purchafler's spt!eLlieaNoa. Trucks 
qp (0 5 eu y<J caimdty an^ used, and for longer haub “tnuefiE" mi?cers are eharged with 
Ihe dry materials, adding ihn waier and mixing the roficn-le i^n rtmte. Agitator tnieks 
for nwiy-mixisj concrele rireiamt .v^p^ gAtkiii by mtaieniEe agiiation sm diMtinguliihE^d 
from transit mi^ng. Nonagitatiog tmeks can bi^ u^tcij for n*ntly-tiiiKiiEi nir^niraining 
pnnelfete. 

A bulch (if in ntirmally ifiiiHj: from 1 tf. 4 min alt tft«ie>rii»l» arc itv the 

linim, ihs- lonKi r period^ b<>ing for ihc larjttT Ijalrhca. OrtnuiKinn ui DhjcPtinniililc 
iinlv Ix'tMiiiiiw of the orirted mfrtj. anil Hl.wirjt of the wjrk, esc<-jjt for Iho Krinding Mtion 
that inwAjn-# the finm anil icnrj* thcri4iy to stiffen iSf* mi*, 

Qualit? and Job Control. iHampling for tho contnil of etinrh^ti; wi>ffc may be done 
eilher «t ih' mifeer nr at fth. fonn. For "imiiJily" coiitnJ fepreecntativ* nperinvinii *n> 
muial-nlun'cl i FlanilanlMrurwl t lUiH tnowt at iht- dwigruilwi [igi- (UHiially 7 or 

29 (la>‘gl (.tSTM CM. Ct2>. Jofi-rurrif npecinienH ah; cnml in ao far aa ponnihle jufl 
as the Miiervti- irf lhi> job is ciiwil. nrilled core*, tiiiieij in «.m|w«Hion, constitute 
one method of ehiekiim un thi* job qualitj-, t.ing mueh usni in eotmwlion with hiRbwav 
erinrtniirtiiiii. Usually > rijm.etion [Hr. I2> for rntio of hi>ighl to diameU-r ts^i’iia to 
hr- appllerl to rnn- tests {A.ST.\J C42), The Irtwfwfiw of ftrfrfure eotiipi|t«i from lt«lB 
of short Isiuiis, iiaiially job-eiuvd. is much b Ih-g of or in ivi.litipn lo ct>mprr«i™ 
eylindew or nit™. Such ta-anw can be itwtwl on ik' job in portahiu imani-teFlinR 
machine*; itomfifi-rriivn ti-nia nxiuirv klmnitofy radlitiM (Ai^TM C31. C78). Fragments 
of a tcsletl txnm nuty tm also tested in ctimpnauiion as ''tnodilkd cgb«t” (AtiiTM Cl]6l 
(pi'e dbieuMiion of #trt‘ng(h). 



APPUtrATIOSft: PHAmCAL ASPECTS 
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QusIliVHMDlml dpcdmenn *r» (iritiuirily cif v*liiit foi- dH^kitiK the quniity uf nibcrvte 
•■rurH, aRaiiiit ibftt which ww diau^iiMl or onlerH. JolwwiiLni! spi-iinv-w* nn- immitly 
for cherkioK on n:«ulim'«w for «frvic«^ or form remond. Where ftnirivif ii* puirluiH'd 
roAdy-iniiu'd. und.w*? an? ofu-ii made of ncraoinnAl aaiapkw of ihi- frMih coiicrt'U! bk 
a cheek on celnoill, water, and iiiiJKieii^atc CODtcDt- iSurh trtle OQ frwih (ttnenjU; arv 
alA) miMfo lo check the nnifiprinity of lbi< output or the ihumuAhih's* of mitiing (ASTM 
CIT2K 

The widety tiepd tJimAgnn nji'lhPKl (Proc. voU 31, Pti L, pi 363, 1931, aleo 

Ivwa Espt. Nto. HuU. Jt3, 1033i nutk** u*> of ibe Eun'ka i>quiptiu<iit eold by the 
UumlHpklt Mfg. Co. of Chieaiti* anti b (wwnlitilly a wet M-n-cniiiK opcmliDn, enrreeWd 
for eilt in the aortogatP'H. More rocetkdjr, Hina? aud Willb ^A.Sr.lf ffuW. ^09. t)cHith‘r, 
1955; bIm fVA f?«ii«irrA Dffit- Hull. 61 ) h»w applii.ti lb? lHWvj--lii|ui(i-ini-clb teehnique 
to th<‘ renmvjil, itnp| jiuio*UTi‘nirnt of the ceiuent in fn'ch cuhcrelc. More 

invnlvupi trchiiiqut'* hnw Leon deivloped for clB«:kiii(t up<in I bo csnwijiUloiitB of hardeiiLd 
conrmlei neo H. F, Kri>‘i®S AiSTM Sptttnl f^ub. 16t), p. iJl, fftSS. 

Formwqrk ud Prcparabon for Placemenl, The forinwork ia I'Mrwmely inifwrlaiil 
hccanae imy wcakiiew, liulgiiiii, nr wiatiiig wiH pemfiaiicnlly ilarmt^p? or dinfiguio the 
rtruelun?. Kational deatitn of fontm for stiffnew and rtn-ngtb w difficult form 

preeninii vary grcally with Ih'ighi anil rate uf pour; fluidity .if ibo misltirv; fate of 
Kiting or rtiffi-niiig; nnd the vioknee or vigor'd vibration, tamping, and/or other 
eompActinn npcialiuuN. Form dewgn pmcltpi? b rtili largely in ihi' mln-of-lliuinb 
E«nRO. 

Before any eonenvtc ia deposited the: fotma ehoiild be thoroughly ehecked for line and 
grade. All ndnfom-iwni shoidil be checlti-d for pod I ion and firm was. Evety bit of 
dirt, shaving?-, and otht-r didtrb should In' reinowHl. hand boles imving iNw-n left in f h4« 
fomiB for Ihb porpom- at any iiunwKitile locationa. Wood fomw ehonJd be drT'nebi!d 
'.-i hr or more prior to placenH'iit. sinre the swelling of the forms from eontact irilh the 
wet wmrrvtc may produce dblortions or ovewttess. Thi-n' must in- no ice or puddles 
of water when' the foneente is to Ih‘ placed. 

fn alarting a day’s '‘pemr” it is mteellent ptacticc to omit the eomst- aggregate from 
Ihi! fimt batch plared, the sweptdn or tilherwisT cartfull.v plac'd grtiut ensuring intimate 
contact with clean roiighetH'd surface of the preceding jKiur. 

Viiiralon., laiopcrs, and lalgje pieces of sgKn'gate should (wt he petniilted to COIltui-t 
ndnfDrei'nmiil. i-sp--rUlly Ihus pnijecliug from a (ini vious All ■'sli.p" or encnistcd 

"old concrete" ahould ts- witwd clear of reinfotw ment btdore plan-jm-rit starts. Where 
walla nre thin, heavily reinforceiJ, or have surfaces olhcrwLNt' nlalivtly imu'rtwihle 
from within, ribratore may be applied to the irulsiih* uf rorms. Where that iKwibility 
caista, )t b oBM-nlial that the eoustrurtion of the form# be* amply sturdy to avoid inis- 
aligtimcrti Or other daniapsi* from thi* ail-li-d sevi'rity tif trealiEiient. 

Placeme&t and Compaction. Deposition ami cmewitidjiliiiu of the conen'Ie hatr 
much to do not only with its ap)a>amiKi‘ hut with its quality. Fornn-rly it wan alanwl 
uni venal pmeticc eitintr lt> hobt the fresh coiieroU: to a high tower for rhnting or else to 
locale the mixer alatvo llw joli. ‘the more fluid tho mix, the grealer the Icmgihs of 
ehuu-a tlmt rould Im sL-rved from a givi n ch-varion- Thb prariin- enrugragisf over- 
wet jiiixlures, promoting segjt'galittn ami weirknt*##- PLac-.'itK-ui Eif imisl luiihling ron- 
erete is now' hv htpritunlal runway# fur wlieelharrows or 'huggli #” that Iibve? bts-n 
brought by fnH#t or elcvalot to ih*' level of deposit. The ennerete should be dH podlcd 
in boriaimtal even layen and lamped or vibrat«l until eaplIlKry eoniimiity ia afisund 
hy the gjisteiiing »f a film of wanrr at tlM' top surfare. Spei'ial working ami spmJing 
hw th(! face of the form m always desirable to en#un? a smoinli nniilKiui'ycombed 
surfneo. The slump or worknhility’tjf tbt' loocrele nni#t he closely tcguEalcd and kepi 
in ncriird with plaring rendition#- 
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CEUB.V'T A>!U C?ON’CRETE 


SurfHCi- hQnrtfCfmbinQ BuJjnivnt lo furnm ffun:i KarlL of fdrync}« or KuniLi' 

in E\']ttf iciD tu tht nuelhipd uf cUDriptLction timi co;idtUisn^ of plftreEnirnt id uiuii^hlly 
but viifi 4 Hl]y much l«i« w«Jceidii|f to tbi^ ronc^rvt^' ihftii thi? fluidity' tkut oftirii 

fdvcfl piAHAbility^ forju-filtifiK and uptiiCJtrflnct^ Thw fart 

eiraU** h tcndtnr>' tnn ihr (Hirt of fon^nu^ti to ti*' num^ waiter I fciftn \» lu^ix-iwaj-y nr dttinraidp. 
Exn.'jfi ijimipin^ or vibralioii of a VhMLtlokbk* mi^tun- biinKi* too nsurh of iim ivair-r aniJ 
fiiu‘ mAl^n&l to rhtf upper porEiuu of jMnirp prwlucinf; u wtuk rhniky nonijurAljlr 
porvi^uii* kyer of the (aiUintr tliat ulwayi* cliuTactoriKe& l hi* n'ally wet niktunifl- [jiiUnco 
lay on* an- often ™iblt- w eurfinLi' ntn^Lii nuirkiiiK thn tojHi of purc™ve piourw on ifflirw, 
reEAininjc wflik, chimue^-B^ biuB^ atict elovaion*. It id at nurli lailaneo \vvt-U tiiat 
Nfi'pagf anil d^torioration kyarLiibly femt apix-ar. Tncliiit^ i^aiar Sinr* kuliottEe wet 
that were^ allowed to Huw downw^ird to ivi^ibly bw aerraaibk' parlB of the 
form. In the ciputInumiB |]'laei:iue!iil of conrreii- of pMJtiie lieighE, U w ofu-n well to "dry 
Up" inirtv^ive Imtehi'x iir^ou-^Lat to ulT^i^t tin.’ wahrrgoiEi i.Bi romuLt 4 tiyri of Mufaev water 
from BiHdimonlfltEonl aa the work proi^^ies, Kwn with lint Iw^t of relatively at iff 
miKturep water colleclai on thi* UEidensurfiux^ t*f li^nigiHi'' iwnicki^ and reinforeiiJK 
liars, nmking ft much pocutT Umd on tlir michi-ixidLf tJuyi oh ibt- lop flideB of mII hori- 
KEintai siirfacjt^ iEhff. ymv^-RtC^urd, voL p, 343^ Feb. tO, Jiyi7.i. 

If ronrrtto muni be plactril on a alopi*. |iliiL-i>nivnt aiicl rompucliou by vibjiitorB i.or 
wtiali^vpr other method may he UM-d) rthonld Klart at f he hoi turn of the lloptj amJ work 
upw'iud in ctfElor thni tlie timdf^ncy to Ikjw will alwayii be toward coricrele that m already 
in, plant, 

Jn phiiti cOTipn'te uteppcstbhtoEmg eotMruclion^ it if uflen deBirabht to uR- a HtjfT 
mi^tture and fdnpitii; sLileu naihi T ih&ii ftw »uen’s?ive tinxdi-pN' emmiiorily iiitru- 
diirtHil for timklnjc the IrarL^ition frrmi footing baix' to eohimn pideHtaJ. Wish a low- 
ftuinp (ktw water-ei tramt ralioi mixlunv the BliuptH? oin be rfRighly but adi!i|Unfely 
f lopfil ftufl wdlh Bhdnii'iL^ wiihf^ut fnlematiliate form hoxee. The <pudtty of the 

rimrn^ie anieuablc to nurh tmatment will fn' firr AU|H^rior to the ovi;rw*et miiture that 
oflimlly Kixsi in Era th^ "poun*i?^ Mteps of htit-tyja^ fomi^, 

AVhi ro cnpiertte nuisl in- plniNtd in i^li^pin^e forma jrurh as incliihid win|[ walla, top 
IkwirIb of Ihe form should be Juhlmi only af linal pbct im nt w aceomjdiBhn! ill the 
lower Uyen* in order thal ihi? ofpntnto ran be pfurc^ in virtiklly it« ffim] 
puBitioh, mtliir llian nt|uiR*d to ll.jw^ into plaei^ with iJii«iib!y wsme auppiemintikry 
puBhinic or aidt alion. 

In pih-rjJ fhi- (hifkntaw of ibi' huriitminl lH>vn9 of pour i»hui]l.| cot otJj' K- uniform 
Init 1101 ) 1.-^1 til n to 12 in. fur n-infortvd rnnrretf' unil not over |8 in. ftif nmns work 
Fsploi* ronl.rnl!inK vnridlkiln, within thiw Bh* width of form, lUiihixi of com- 

iBu-lioA. Boii tho fnrt ihftf in conlinuiTig twtiw ch.. lower ln>iT ihbnIb <itill to ho suifidonll.v 
plastic to blend nl the junction of the two. 

G>nrn.ti> plitmliJ not Im- nllow.-rl ft, .Jroj, f„^|v thmup(t, m«n- than 9 or ^ ft *ml in thin 
Kftionn mitAl or rubiwr '’in niiw" or tlrnii phutim should h«> )L“cd, Whi-M, caocn'li* i« 
plnn^il Ht A fAirl.v r4|M,J: mir in n i.|] form, iiol only should aii ,>«w,ionjil nuon.what 
ilriir liBlrh hi- UHI^I to compoiwnie for ■■wntir-Rniin." uh nH'iitioiHiil prvvinunly but 
tin- liopwitlon *liou!,l Iw hnlfwl a fool hi>|nw tho top of ihi' form, in pormif «til,- 

nu-nl lo wvur. I'liirH.nH'nt nhoold. how^.vor. Ijo n-suhnnl to Aimplrtiun within nc hour 
or wi to Avnid h joint at thi‘ junefkio dut“ to stiff,-nil ,k tulow. Tho top portion in usiuiliv 
nwiily »v«La 1.1,. fnr puiidhntt. p.-m,ittins t™ of n Mumowlml ifri.T topping mbetum 
viiinitt,™ should Alwnys bo xtH..d vurtindiy nt n InW rpaisinR of nboul 
IH in.. d,-|irndit,B upon thu rlumi tir of Ih.r mintun- hml rt.]«t, d job wn.litioni. The 
vilimtor mny |k tiolrnii* the I.iw.t Ijtver sliKhily, piwklinl that thi- Inver Iw* not sliffcciHl 
^yoi.a nmhly bmimiDB plft,tie no,ter tho vihmtory urtion. TIu. vibnrtor sliotilrl not 
Iw usrd for Wiy nppjfeinl.lo Intvml puiv.iiH hi ,.,.tirr,-n. niid jihontd nut lie pmnitli.l 
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lo ffinturt form (whicli iT mifjht nrar or th^nl) t»r to rohtjurl tbi' roirJom^EtKnt. 
Vihnitinn inrn?A«(-^ tho livdnmllic ftiesin^l itki fortii tind, ah any over- 

vilirB-tinn pn»niotOD Vibration w m valimbli^ pljun'mi-nt doviptr but it too 

run cfl^ily Iw* ovorJrtrH:", 

DiTH-TirliTiK Ilpoti ukid OllliT fartora, iJw initbiJ (^lifTotlinjc nf Ctiormto 

diksi Eiot a€^.iu Linlit 2 or 3 hr ailor ih*> whut Gotitmrto ilnit htui\ 

tftllTuik^ may h-Mfidy bo nemixod liEid jirsnldt^ iliat it a*ttiri tH>4:otnoif workdbly 
pbwtie aeiii pldwitbit- (Ky whjtiovor nu^tbR^l of a 4 ptfttion w i-mplovird) mihoui any 
boN of if-aifT, 

In kII fiueb ro4=p*^ifl jurH’-ntraark^ t^ncruto roqtiirti? KfMH-U! rnnMitb'riiliciin mnro it 
ipwiualiy ktsini? air ihmitjclkout ony jn^nwi of dormjinrj' aruj thrckieh miKiny 
tifwntlioHH—oi?|Mi’:iiiltv I'ibratioit. m«'jitloEiwl flftwhm, nomiim] ^horf-llmji' vi’ 

hratjon ran mi/i-Iv ht- ij.-'t d for wr-t-isttiiiiit^tl mijEtiin ^ bul all i^urih apulatii>ri ^‘houM 

Ik- kopt tis tk niinfmiim iPCA jtnd bulleCinfi, wjx^ciwJly fitiU. TV^ Miid mth 

idiavr puljlicaidonn tho U.l^. Bun-ku of RrvkjiiAtioo. Mnmuir' anil the 

U.J^. Army EiiiqnttirH 'Hantltitxik" supply aiui'L valuAbb up-t^Mktf information on 
thi.' hand li ELK. inixingH ftnrl plnrcniL-iit niinrn^lr and topinfij 

RfioioTBl of Foarns; SmfAco Pitching and Rubbing. Form? mij?i nmi-ovixl cih^ 
fially to avoid etiipping, spsJliiig, juid othHjr damagu to tho ''jsptx-n" ■mnrrrto. Any 
tk- wiivi itboniti bo clipiw^d at k-ant I in, inward from ihi* jnirfai^K a si iff in^it patch 
Iwin#! urkI over tht^ clipped end; oThorwiwv tln^ wiit-f nint ctnd prorhaof ataininK and 
rlisliguriiax ttSJalling. Stiff gnnit sfHmld aLno hv worked and rubts'il thorooglily 
into any jifjnm-', oliipjK'd^ or hotnjytointjt'il pM-ktitri. The urte of thin nrout nibtuni over 
rxpoart! fiws flliuukl not b- piTioiltiNk wn«^ ii rovrr# up defc+tfl tompomrily Imt prsh-? 
Ilf afttif ft few mofiths. For unlinary ospcHwxl Furfnw^s iintnHibic viKoriinn rubbing 
with Cl rarbiruiKlutu brick, rwr mrohniaictil Krinddix in tbo niiprovcd treatrnent. Rutibing 
hi fprfl ftcrtimplblud uhi n the coiiereto hnjt Eittninod a stiv ngih of atHiut 4t^tl pjd {m*v 
^'■Curing'^). 

Ah iik-nliorHai I'ki'where, then:' airr inairv sui-fnCf^ tn^iTmentu fnr ififi‘n*nt dmiratlve 
I ffcdtB. fJftcn tl]c form aaarkj!^ jtrv intentiouaJly ax-l&int'd- In juny rftii4' mimi rsuu- 
f^mertto aiirfatt^ Jt'q^d^t^ pnjtnptSy upon foi-m removfLb n^toiaching amd rner^uinii-Ek] 
Hltcntlun of one Hort or ennEtw'r. All j^itrhi'w or oThi-r esp^wd addition? should he kept 
moiHl for fti'vtTftl tittyn lo enpuro [}n>iw‘r hydration. 

Underwater Structures. ftlN> ' rn pakt.*^ ITniion&ater conrn'te rnny tut pincini 
by meaiu of a irrmie, a pija- fmin bio |0 in. in diftimitJ-, with a hnpra^r or (Uml top. 
Ciiiw tiM' conrri'ting hiijt sTanod ihn- lower, or dlHchfuige. cod eif ths^ tit^raii^ pipe is kept 
cmfieddoff in thi' cuncfctc ftiid thi^ (hinifc^ inti?t hv kept well lalli?tl. Dnritig tin- 
war PL-verat dry d(a'k> wen* fmilt with heavy U^ft think iioooi and wnllfc of troinie- 
placi^l eonemtJ under liO ft of water. Cliweil-lop, tffnp-bfttUftn hurkfi^ an* alno in^^jd for 
underwater rotirjx^ing, riiie Iw-ing exerei?«Ml not to agitfito thn oojicnUi- thiu is in plnsx-. 
Snnwiime.-i onderwater ronett-le U fhTOrib-xl in ^iga. The bags rnay lie fdleil with the 
wf t-mi 3 E+xj eunerele or wilh dry-nuaiiHl cnateriaht. ] n either tht^ tvinent paste mzn-* 
thmugh the bag Humeienllv to weld the lu n^i bagH into ft Holid Many iniU's of 

liivrr revelment for hank prot*>eiinii have bL=^'n easl nm laml an arliruhifrtf 
fiwtM, iM iiig later cubmentixl. fn di^-fi bridgi' piera the funm-te h- nsnidty defjcHitEHl 
in nir after iht^ '^cieal” ftn>LiiHl iIk^ cutting laige of the mlmin lia? n plncinj by the aiEl 
of liivera. Di'ep pil^r concrete nmy ftlj*o ta‘ di jconitetl in air iliinwtLy on a eftisson a? it 
j?i Hunk. Sid I way tuls:^ arwl hu-gi- pifa-s for oalfaS] newera have Ihx'Ii i-a*it on land, buSk- 
hi-ftiJcdp towoil lo di-iditiation, and sunk inlo |a#.Uum with ihi* aid uf divers. The 
artiheia] harlKhrp for the Xorniantty invft.dcni were cast in mnny tMirts of Englainl ns 
gn-al coiierele host's nf pn-iletcrmined hinghta, belflg tiiwLHiJ to the proiJtr locattun 
fH^furn sinking. Ill aru? itkitance A fi long by 42 ft iiigh diversion ilaiii for a very 
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tiiHjiiliiEkt ilEtfiuii vw cttPt wiih thih «trvimi ftt« c*<knff^rmin|i ti> the mcky 

n^htuur ef the itit^ni aiicl ww? with dyminute aerflfP thi- rhanni'l niurh 

Aji n thje niljcht have ll)eeii p. 1611), Cenprete djinui ttrt 

eoiu^lructi^i hy divi^rting^ first one imriiiin of the slrcump fh^'n anottuir^ kirdL^ it ii poB- 
rtblp !□ the m vm done for Ilofivpr D^m by eKenv^tinpi in tile 

canyon wallfl four gn^at JVl~fMliitTnF'ter tunneh avi'rJHpng % in length for ejirh. 

Ptunping and Pneumatic Placement Workable corw’rete with nggn-gHEe up to 3 in. 
tubxiiimni enn bo pumped throiigh a Fteel pipe for iliitifmet's exrwding ft. ii^ueh 
ccrntfete, often km^wn "pump-erfd*!" i* oaptM-inJIy arlvantan^^ii-H whi^n'ver in 

hniltcd^ a^ in tuniielF^ on briilK^^deek^i, tmd in anriM* ponioiui of pawrrhoLjm^ and biiiliJitLicjt. 

Pucurnntieally placed oniicrt'to, variously known oh ele.H u niueh 

used for placing or repairing resen'oir walb*- and rajial aiui tunnel liinngH^ placing 

or protective layere over Btructund stiad, rpijairing of daniH^ and rt> 
storing ifinforwd concnito immibcirs of biiiklingu ikat have undergonf! fire 

daniagL-r Water is mechanically added to iIk^ dry mivtun* at tht^ noarle, which ahoote 
the fri'^hiy mixed concrete irc^ally a mortar i at. i[u* surf ace preparwl for itjj reception. 

form aF na'sh ri'mfarei^tni’til is usually pluci-d abuyi I In, from I hr stirfaeca, 
and thp mislunw ran^ from 1:2.5 to 1:5. Thu maatmura sin? of jiggrtTgale w under 

in,j and thviv is eotuiidcniljle Joa* of aggregate duu to teiKmnd. The j^tVir/ ie ni'M- 
Nirily much IhiIow that of pounsJ or east eoneretc aufl, in such eoueret^ y 

ecfinuimcid only for jUluaLiotis where ihi' Mtvitkg in formwikck ur lunipliificnliou in placc- 
munt olfjM^ts the addEsd eevt of eerueiit. 

The ihicknefiia per lA>er is usually from 1 to 2 in,, but surn’in^ve layers can be aiJded 
at Huitahle intervals of rime to build up to any 1 hickness duslmjl. En single-form w'hII 
cetkstruetioii tlK euncn'le U j^hot agaiiert the form for I hr exjKMicd lacti of the structnnf. 
Concrete pipe and dometl igloo-like hoirw^ ha^Tj iK^tn cast by deposit jug pneumatioiily 
pIncetJ ittyers over an inflated rublmr corri, to be tieflated and n-movc'd w htm the concrete 
hi'comfs self’^pporting. 

Vacuopi Concrete—Tilr-up Construction. UtiliEing thi^ fact tlmt atnoigth inen^nwa 
JIB v'ojjy HJ\‘. divri'aaedr the vacuum lia.^thi>ii of plflci^mcrit. wiis devyed. The ronrrvle ja 
mixed wet enough to flow into posilion with little or no viliratlinn or tamping rrciuirtHii, 
after w^hieh exec^^s w^atfir h T^movL^J by vaeuutu applied through special nuiLa ur padR, 
From iuch etmonde walls formiii can often Iw n>moveil w^Llhin j&n hour ur I wo, 
^imiliu' rctmlhs aa* sr^enrud hy u.dng ah^^jrbent forms or form linings, as has been dune 
on diimK walls, and decorative work, fa till-up censtnictiunH wall ihaimls are pitfeoat 
aa htHTionlai nlaba^ being raised te their ptwitlon tn the \ralJ by vacuum eufw or other 
liFting device (often after Living given the vacuufn tmsitmL'ni) and in any case after 
suilicieni curing to pi^mtit handling. 

TemKo; Vibrolitbici Earky Technique. TIh' wiJ]-known Utram flwjr construction 
conidntii ijf a teortar mixture 2 or {J tn. in ihickn^^ reeling on a eoncr^to hn.^? to which 
it may Ik Carefully Isunik'd by a Ihin coat of cejiairu grtmt or from which it may In^ 
Bfparated by a layer of saml Piverwl with tar ijap^T. Near the surlan; of the rnoruu-, 
tiiarbW chi|w of dcainNl colors are rmtjcdrhd^ latn-r to Ijo ground ami puliiihi-H:l. White 
|H>fl]arid euna’rit may i*' imnl wlM^ru spH^iatly ili-eumti^-^' t-ffi-cls arv dj-jdn^d- The bp- 
ralJiKl ribffiiahie [lavemi ru nmkt^ a similar but wlrirtly utilittirian aptiheatiun of the 
ti-i^biiqLk', Additional cvekm^ aggregate hi tjuupod and vihrutiHl Into thi' Hurface of 
the tmvemiNit immi^tiaiely oJler plim iiwnt^ lowering tb: i ffi'rtive waier-ccnunt ralio 
eomi^whal. and giving a very liard xtony surf are tu tln^ etmefete, Thuro is no grinding^ 
The sdtnilar John J. Kiwtey techiuime for decornllve roncrele has btam nH-nlionetl 
ptrvioLtHly. 

Groufa and Grouting. tVmefil-^rJurd .Ifiirjrdnifi; Prfpaki; Grouiiti^. First iiaed in 
Sent land in IbTi, ceJ?iCFii-f)oopM/ ia a dtmJklc t'coafmiicaj pavementi auitaLihr 
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for jiecoiMlBry fiighiiriij*, tmporl 4 Uit lotaJ roiwlp, drives, aiid nfli-ys- Cn»wt.‘ oSfrTffiiri' is 
on l1ii‘ autiffTSile md cimpitctnl to an fi'nli "urfare nf the iWred eon tour. It is 
then fljshi^rl with a naod-oement (tniitl, swept, snri rout’d, folloiTcil by riuiahin* nnd 
euriiiB. The same tcrhniqui- hns proeetl i-K«’lient for milking reptUn* or repkoeinentJi 
to nfdimiry pnvrmtute bemttae of the stmll Anioiinf nf ini*iiiK involvt’d mid i>[|uipmcnt 

n?t)ulrnl; shrinknsv if neBlipbie- , , . 

'•Prrpaki" eoiuitnjelion Bintw «w of 'bt- Miiisr pnnciple, IcmnK Kmtt throuBfa a 
rnmui of prv|rtM'fc(Hl Koided ittnne iiiiiler prenwjJt! and in sueh Jimniier an to ensuns virtual 
Mlurarion with (he pout, U Is tiJwl for bridfif- piers, repnixa, fmitidHUone, mid in onn 
itiAtanee for ftddiiijt w-vera] feet in thSckri™ lo the upstfeani face nf a eouereU- dam 
it^oc. ACt. ¥o1. iA. V 63;*. liMfi)- 

fKJ-uWI CanrnitBQA In the oil fii'hls neat retnent-wttlcr niixturea i e"Ju 6') ftorn 

4 to ?,5 aal tif water per sack of wment art- used tci seal mound the ctminas 1st 
htetk the passaRo of water and ftfw ftom stmtiun to rtratum- TIk- techniqnrs for placinu 
an- hifihty sperialiied. ami the stiffer Rmuts istmul 4 pat per aaelt) are murh the latter 
where pritperfy u-W. Oronttog lias been sueoe-ss-fuliy aeenmpiiahtd At depth.-, in esetw 
of 13 000 ft, (Jil-wcll eetiii'tilinp cidls ff>r varied modiReatioms and nwwiiflen. Thu-s 
in dwn we!b beeause of tlw pr. «tmn- and hipb teinptralUn’S enMuuten-d, wunetlme* 
ewadinp 3W^F, flpt'^*^ 'flow-ndtimt" and “retarded ' porllatiri wments an’ tiR>d. 

fn other sitUNtinns hlith-earlv-..(runeth, sulfB6i-rr..*teling. ami standard pnrtW fTvpe 
1) an. To aetolemle the fettitig, 2 to 4 percent nf ealeSum rhbnde or 7 to 16 

pertent of ralciuni osvehloridi’ may Ik- useti a« -n wltniniurL’. Amnont* In esft« of 
thmHs inOiistod -wpaketi lb-? Rfout and should not be uval 'fV«. ACl. vnl- 43. p. 893. 


19+7) 

Confnntiaa Jm>.t 6f Concf tit Zhna^- Th«' gn-at contrete nreh da^* sueh aa 

Tiriavi r »kiid ShueU, ^^oruitrvirli'iJ in cahiiiiuftr hhtck^ 25 tu W ft in plfiti Hhniik yprm 
eatraelion of the hml of hydration, .'ihrinkano ix-twom adjaetTl blockit is from 6,02 
to 033 in whieh space most Ik- lill.d ID to pmveni leakaKe of water along the joints 
ihrougJ. thu dam ami t2i to i-etal.lisK roiita. t latwwn bloeks in nnh-r llinl the thrust 
of the areh ean be d.’velnpsd for tniwinittiiip tk- J-wd In ik- ahulnnmta i canyon walkj 
At ritk-r ond L.f the dam. The joint* an- roJiai and t.inpfiibu/ (lonBitUibiian ami both 
Twtuirr urnuling, the nuliiU for the thrust nnri the tnnsf-t.ttal to mate the dam funrtion 
AS otH’ Bn’at monolith ns tb- arch lends to flatten under tb- wabr ],j^. lit ^h'W'ri* 
Datii there were nboiii 140 arn-e of joint sijrfaet- lo b- grouted iabout half rntliBl (md 
bnlf lanpeotiMl) tmiuirln* nearly H.lXM bid |M,006 «vets) ttw-nt af J"m* 

filler exclusive of was tape, iSee Kimonds, Jtmf. /'#>«>' f>ti ■ vol. 82, No, I fJ3, 

195G. 

Fot contraelion joint grnuting then’im-nl must bo very fine (about fts j^reeni panerng 
the 200 mifh 4evn). Ungroimd eiinker, tramp irnn, and lumpe an- ol>ji’Ctionable, and 
no aiorreinite i* U«’d. Grout inp k mndneted over sloppedHrfI ari?os. the maximum 
pn-SBUte permissll.k b-irp just under (hat which would nteratt™* ibe bforN by till.np 
or shearing the prvasun.- rangs- lieinp 2fl to 60 pri at the top of the 50 lo IlKWl hLiighl 
grouted in one opc-rntion- GmutJt« *tnrts n-ith a very fluid mixture. i>’rha,». 10 gal 
tar sack, follira>.J by about 5, then 4 gal l^r F»r pn-ssure refiulalioh, tilling 

u-ndenrits are observed witli (KMlOl dial gap™ acnssi adjart.-nl Joints Afedified, ime- 
hetu, and spi-eiid oiki«ii cemfuls Imve prnv.d moat satisfactory for thk typa of grouting 

(fV^ ACl. vol. 43, p- 637. (1M7I- r g ■ i 

Foiiiidnlion Gwultntf. Foundalion grouting may be for stahillxation aa for bndge 
abutments or railroad suhgi»dL.s, or it may be for sealing oil leak* in mservoir and dam 
rite*, 8uch grouts mny be either neat .i nient or sitnd-reuwnl nuxLurea: the proporfions 
and Witter ratio vary widely with the conditiuna to Iw ccrn.’eU’tJ, 

ITfan fcrnii '‘firmfilin'' IP idiluiti ilpail kli prtrflti'JB- 


7^2 


CEMEN'T AND CONCRETE 


CfiiutinK under a fl^m muy l>e "hlanket" jcrvpiitinp, ur ^mth, A 

tiTAt «rmprit TuiartuTT' in ronpi<l( Tvrf tbi- hui rwJc 

aj^halt, und ^TirioLtt^ niber Khvr Ih^ ti Sbn'tl. Tht^ drill^Hl h»k"« for 

vjini- fr\>tn ] in. tn ovkT 5 in ^ b\i\- the Hnu].hi.'’r hoJet?' ipt^vifd tirul 

ajt much oj^ ^.OCH) m fl nf ^oliil h»iviii(|E [teen iiilriAriuciHl klmiuRh a 1.5-iiii. hLsh^ 

It in important Ehat proiitpnff [te Kuifiniimt lopTwmn' pemUration but nor riicKJKb 

to dintkirh ihp faMEulAtina AtnirTui^‘. Ihn- rule of lliti:iiili h that thi“ pn^uif in p-jiitichf 
jx^r ni^LiaJti iueli nt any I'li^^iithLii! MhAi! not t^xeml iki depth in fwt- Tht^rt- u no 1 *^ 11 x 11 - 
linbi^ prsxTi^tlim' fur fouiulalitm ij^rouTiiig Ix-raust^ ^if tfei' nji'nt raiiKt? (tf eon- 

thljukEiH' to be iTuit (iPror. vol, p, 017, 3f(47) 

TuflOff Orntifin<ff. Gmutiiii: ho* provi^tt lUH^fij! fi^r r(^|ja}iiUxHtion of wi'^ak fonuAtioini 
and jiLpo for hlLiug the intt'mtici'fl In-tw^'en frufUikLUkln tiank tuiitu->l lininp^ t« 

fib In si'ht^re nverfjreiik or cavHnK haj nrfiirrt'd. 

Solf-cemcnt hliiturea; Mud Jack or Mud Pump, l^kl-ctmeiit road way h aihI ninwayn 
fl in- thirk a? romijactini an- naikfartnir>' fur traffic ii|] to 1,000 vi hiekn p^^r ffci>% pmndeil 
that nni mnre than 50 prfount P^xCT'^^tj lorw ifro«j weighE, or for aiJrplanea Imving 
(5^<IOO-lb wbesd iewEifl or fesuf. The n^nu-nt rL’Eniini-niimt vAri^.'^!l btMwet'H 7 and I0 peretanl 
of the rompArf4M-| viilurut- tif mwt .lotips, Panriy amJ gmvi>l3y Huik with 10 to ^5 pt^cent 
Hilt bi'ins bi'pi adaptini; wind.v miil- [ii-firkmt In fineti, niuh »h wutw iteneh, gheinl ami 
wiiiii-hlown Kaiwlp, are quite hm p(prk tew well of thi* pimr gradntioii; 

fiiSty afiiJ clayey soiL-i lunkf* jp>otl wjil oemont but an^ niriie dllBruU to pulverise aiiil 
mis thortitijthly. Sfiik with hij?h urjpLnic mnTenl fnay unfimrtiljlL^ k-cauA:' vt in- 
iiiriuur ohetnieal naction the nmnmt. The raiiRi^ oF ^lati}^fheEcl^v ErteJinj? k wiilbi; 
with ei%-ry thing hetow 3in., 50 to ItMl ikrrwnl ran pour I hi- No. | «r%e^ 15 to 300 perteiiL 
pAA^ing Nn, m. And n to BO |H^rctmL la-lo« No. ^tX» i ninrh greater pt-rn niagc^ under 
Nor 200 if jwnl w n^LiUivrSy fHjil»hd, 

IhM-auN^ of the wide range in minimum rtimi'n! eivuteiit Tweerwory^ for hArdening 
N^iil-ceim-nt mcEtuix-r, pn-liimiuiry^ tivtiri>; fcpr welting mid drying nrii! fri'^-sing and thaw¬ 
ing eflecTe by ASTM USBti and DSfiO in alwa>ii deplrnlde* 

HAil-remeri t r^anlw'aya^ n-inTrayp, utirl phoulderr for pa vt'tneiitii may fw* miiOMJ in. plarn^ 
with hi^avy^July fkdd cullivatore, gmi|: pSowj^, ur roLary' mixeni, or they ruav Im* 

mixixf with a traveling-typi'm. ehantral minrr. After mixing, k.%-idiitg, and ramminii 
or mUing. th.- surface i^huuld ite rovr n^l with rlean Amw aiitl kept motM for alKiut a 
wi'E k in oerler that tbi- e,.im.nt ran partly iiydrato ijrier to ^ rvln . Soil-* .lumt niiKturcif 
are vuliu-JTible to w^ar. and the flunditlity can be gnatly im|iriivid with a hltutniinnii. 
bivt r un tSiH^ »fiirfa«v In ftM?E, thi' ei menl foritent i=hotilil U- imn^i hv atami d perti-nt 
of I In- mid voliinu- if a hitumlnoufi Wfuring ftial i? not to he appliiNl at enoi. 

l^jLI-ft^melit rtustufi-# are wi ll j«lapled for ra^in! nnd rcfCTcr^f jmlh tiii4 

pnrkit^^ nrroif, f^iaw rourUt, ww^/ rt)fl^lru4mn, fttifht, and r>ther apiili- 

eatbns interriKtbftte belmx^n runereteand pnekt*^! earth in untilv, N-rvietaldliiy and 
rtHfl. For poll cttuvrifieaiioiiP and an iiiTrrKiurTion to ihi^ mkalvlirat ^pi^eis of rtoSJHX’JiKnt 
mistuh^ dt^igii Ihi- --PCA .Soil Primer/' A ecim[wnioii handtHKik. -Soll-CoToerLl 
Corminirtinn Mandb-xik/' roverH tlii- REiplii^J oap eta ami a third U the "Soil Crirw-nt 
IjilKimUn:^' Hanrlbrntk/^ a3ih*i I m 

An jrrr^MJ lalxml I ^aek i i-i bhb p, r cu yd of POlIf i,. tL-eful fur raiaiuH 

pavenumt «lali« that have siMtlml and for 6||Jng in pul^b- rlelicienek-P from wai^hinH 
and ponipir^g artiun mmr an^t al the joiEita tnnit,r Itnfhc. Flol.^ aJxnit 2 in in 

dinmet.T are drilLd aE inU rvnl- over an^ to Ip^ filled in or \ how^ from 


Ehe piunp U in-v-rted allemately in Ihc n-Vi ral holea to 


eTWLue a gfiidna] lifting effi^eL 


t^[i,in«in„ from ih- prtwurL- hul.J^ iIil- W ia tb.^ liuk. mlhcut iiriy 
uniipinR Hi-viee. SiinuliiT puiiiiiine or iin«l jiEcting m twal for leviJinit «hJ itlahilitin* 
taJIriMui PUbgta£h«. 
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PrrciiSt C<iDcr«lfl- OviT iUr" wirlf* tTUi^v tif precan* prodiK'SJS them are vnn^ 

futF- nit'ihmU tif fiJirh'atiorL am! njrinjt. Xtanv buiklih^ hhH^kn, incliitlini; Thu rnirKm^an 
irihder ItUfcck, misitl n laTi^vIy ili>’ ttml iLnil feiniiiHl mulvr Huffie ii:nV pn-jwurL’^ fisr 
itiiimnllate mnifival tr^^m ibt^ nuildifiK ^ul^hi^L^ Tlii^y muy enrmi utidi r HprayH or 
wL't hisrlnp or may }-**" s^ional w a rluimlK^r ur PLiit'd sti itn aiitraHavu itndi-r hj|th* 

prt’ftjtUlfi' Pti'Jim. /'rrivtifJ prj>r for dnunai^p M-nprut rtatur lrlil!T£^/tr]^ 

litiiiM^ and rtnhn an* oftfji ujuH nmi viirwi whumni* b»riai muSU^ italh^ 

hirdinth* nmJ ^mall cWomlivu UliiM am usuiklly planl musiLira^tilnaJ. 

XfKrnially, t>initinj£ ftnd nirinic tuinp^^Hitunn for all rcniuti E+i npi^rai Lciuji ^□uIcI 
k+;'pT lwlww*n 40* lirid thi' upjjt^r limit I’lein^ pnnmfiLy 1.0 avoid difTfircntml 

RTmiiui from vqIuuut rhantti'^ Stpani-^’'urt'd prihdiJFta (‘^nuffitum m\ eTEcepNon, ulandanJ 
eurinpc P^mpiTatiin^H mnipnii froni 340* 365 uridirr pTwums tou wn lOO amJ 

160 psb UniiiT ihi^ oonditioriK tbi'rt' I? atiaiiunJ m a few hours u compluUm'S? of 
hydriiittoii That wimld nH|uin' w<4■k^= undor lidKinitory T>r job coriditionii. 

Thi- types of unit mru^rndde lo lijuli-pni^un^ Pleaii] euriikK an' mtA\\ and pttrtablM.% 
ujnd ]ik.rp' te fiiE)tTai un’ djtTi^nuiT.iHls do not slevL-lop. The pnaJucls of Ly drat ion mv ttol 
ths* saino as for onlinarv inoiht“iMjn.^J uhiIh^ flod tftuani-rnnjil iiruLlutts upiw^ar to have 
floaie advantages from thi* Haanil|Miiiits of duTuhility Olid volmiu- 

MisfelLaneoas Concrete Products. Among tW aSniw^t Lnfitiilu roUKv of applleatiuiv 
aroj 

Spun eoncffli^ pij>f formod evi]trifuiailb% and corount-hiuKj L-awt-ifon pijx^ tbi’ thin 
layer of nvAt cfiku'nt or richer nnurtar property bardeikf'd leim'd), d^'e^l'asi^J 5 tlu.^ by- 
dremfir frieuon and prorectiniE the pipt^ fmm rusl nml formatiikn uf tulwirruleH. 

Piling^ pre^‘uj4t lo \nt driven after curtnfj;; oonereto plant'd Jn a metal .ihell Snil driven, 
then tht* m\v^ withdrawn as tla* Kinerutc is deposittsJ: petfe^taJ pi hr, cPnrmte forced, 
umier driving pn^iin% out at thu ojam Iwittom n( a ilriven »hoi\ to Utrm a bulb or knob 
at the bottom of the pitt^ for fitiiled l^ioritig ptm-vri conerptc uppi m on to lindM^r 

p!|j?s, ihr lojw of wbieh msisl hi- kept Im'Iow thu pi rmanent nrv-mid-water line. .I/cjA 
rMnf^srrrd fdnrrrre vhtth liave iH^en rant arotitkd timber pilf^ that were diTaying at ihu 
water Ime or IwirkR attoeked by Li'anloe. 

fVprtirN^-yiJfbfjT^M mirlufin fin- touph atid n^siPtant to wi^ather hfuJ i heniiral rtitark: 
among ibi- eiim-nl prcdurts on- nbirink's, eornigaluJ *hi‘t^ts, Hal die'tris of vartuus thirk- 
tih.% ami walor uJid drainaRe pipi'- 

\ inisttiint- iif pirtlatid vunn nt, emulsifiKl as^pjhaJiH agyrogntp, ninl water has lMN?n 
round to give a Hiwir hw inclimd to deiit ifcian aMtduJt Ihiit more t^rpiiforlalili- ijian 
ere'U*. 

In wi^b'm l>nil^*d J^labi^ riHirmto-titldaT bri4,lge Hooni hart-o njiintruetcil in 
wbirb the tintlvr i-^arria-s tension^ i)i4isg |jonr|i*ti: to thj' i;^ivntHri;ng shd» by pn^- 

tnidiog naiU or Hpikes pn-vHcnisly driven into ibe linilu r. En ihi^ Mriimt hanilnwi ri^U 
have h*'**n iisid fur n'infon^i'mimt. fMhtir oitaptations wrtu- aeeordeti inlrotluetory 
mention. 

Specialised Concrete Codfliructioa—Precaucloos. FtuI ("anirfir fiwfi*. The e."i;(Kisun^ 
of thiwj n^Laflvrly largr- on^ns lu The eatn'mi-^ of weal her eJitail rrVrrv dintortiuaml 
nlTl^^tB. A gabli-il riM>E, tnii^.iyd or Tie^l iuv™ the boltoin ed^-S. will adjust tu ealainslonH 
aiJad eolitroetioitM ihmoicla ihe riM' and fall ot (bi- rii3ge but ihe ilaT ItKaf, ha I'a^uindiuK 
IjtreraJiy, lembt m push oiiTwarLi or pull iowanl+ f^roilui^ing eraeks and or mil of pLiuuli- 
newH in siippfirUng wrdk and in inaraju ta. Tight jodnTi+ oc arTieulatliinji lliaT will (a rtoil 
(hi- n-Inlivi' n34>ven!iins wilhout liamaKt^ lo waHjn or conneering units tusv usually dtfl!irql( 
to pcipvidi^ 4 'V 4 !n wthui tlie ruitum of llw pnddem is rvcogni^isl in ailvackist. Bi?raam' 
of some protsable eliriiakaEt! nr ollK^r rnieking ihi-m- alpr» he leakage probletiLH but 
theae am rurntnunlv luei by the ufie tif a Eayvrtif larnNl felt or othi-r ini|s-rvLOkir« roofing 
inalerial on tlip cinivrt-te stab. VVlben' draioogt' slofa^s oo’ provi^liil by tlh: of eander 
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iir othi^r lightwTiisbi Mticitjtia filb tbe iRsulBtSoii tffect of Ihc fill trmpi»f»(un5 

4lilfi‘<reiitiAlA in tfonm 

ptmlima iini^ Othirr kitpmeit Fhi Arm*. tJlci' thi^ fiid contreti' t<v4 thf#e undi^riEo 
flevtre txpcsmin' f^fTprie, not only from giiru^ra] 4jiKLorti0nji lint fmiut-ntly ^turfjiw mling 
fmni Thi*- IAN* «f Mdtjt for rtnow nnd rciTKivnl^ Whuh! joth elnb# tmwt Ji]*o m;rvv m 
roof# for an-jw tn^npalh, h \f difficuH to nvokl li^nkii^a'’ ihrtnigh poiij^EnnrtioEi and 

other joints nnii/or ^hritihnge cmeki*- Fn^fim-ntly tJut' only rt iirbibUi eoluliuii b u com- 
pk*l 4 ? m*?tk cover BtAiLnljIb to nervv alw br b wi^nriiiR snrfocL' undiT bwE or othnr tmHie. 

CmfTKU fiaara on FiH. Tint conitruclion of b rooU conDn.'l« floor on fill, i«tpfciiilly 
if for lfc«Lvyr^iuty atirvice, onp c>f tin? tmiet i^xacLlnK ppc^ratkinji ovi*r thii 

entire of eoucmtc AppIleAtkon#, UndiT wvoie utTvicnp tnjeh m steeMin^tl truckioKK 

any laxity of dciiign ur corurtmetinn wiU invanaJ.ily bEwim' aptnut^iit ibmui^ mch 
gymphimR UH fliirfai:^ diiftlng, faulting At joints, chipping nt isigi'#, ivArpingK and frmfking. 

Kuch B floor should be cynirtrurted only on n grAnulAr, weli-dmjEkKi unifonuty twm- 
pactod ifubgrade^ n:niij<t hut not wi-t bn ihv concrete ^ ploceti. The iubgrado should 
not be cold (wttidn a few (h'^nn.'s of fn'^riing^ Rinw that chillf^ the conercte and rctJird# 
bnih thi> Betting and tliL' #ul^^m?nl cnrinjc. Ri^iA^led n-t ilcLayi flniMhin|[ mid pcrtuiit# 
water gain at the iurfEice—promnting kitance And later duBting. 

Tlic miitture ncefLs to Iw rirb tS i’acks or mon’ to the rubic yard^ of low w^utcrnTPinent 
ratio not more ihan d nr fi seaI P^^r Anct of ccmi'ni aeuI h Nlurnp of near aero. To Beepn? 
Hiich a concrete timt C4«i k* plaet^i pro fairly n^quire# aggrt^gnti'# i Lak an? ii nOMAAlly 
tirofurEn and wi ll gnuleil When* tb^ jrurfaa^ punish rnent la iievcEt* Bomir of the tiard 
gravela and crusb^l igmN^ma rnckw an? pnjfprAlde to the Boflejr liitu'trttineji, 

A tionpfkrJHiB ekylike Rubgnuie i# idijeclionidde not only ticcAUFc of ita tendency to 
hold wAU*r and itn iack of inip^iorlinK power wb-n wet bm It aIjmj Hhrinkfl Iwlly ar it 
dry a out ami pwelb when wi^E, prudueing vunahiJity of support. 

Lark of AdtHiuate liowuling Or keyiEig b-^tween rtiljacc ni n'sniStN in faultinK. 

whieh, like all ulhvt surface dkcuiiLLiiuilYt'RH niagnifii^ ih*? inupacl effect of moTiing toAdn 
and h^ada to a pumpitig aellon againat tbi' foiintlallon, promnllng nonRuppnrt and 
cracks rig. 

During tile moLft curing pi^riod l^S dayp should be the niiniiniim a high early 

cc^nwikl iM tl^led^ reduciEig il to 2 dayn) iIie> entire Furfaet? niiiNt be JeepI both WArm and 
wet. If the Busface of (he Blab 1# cool, whelb^r from the air aiHive or thi" eijhi^FEiH.h?, 
cuHrig is ri:^Tan.34d. On the oifH^r hand, if I hi' jdab laietkinoa dry^ curing lutltA no mailer 
how favorable the tenip^Tature. Coring lierep an r:ktwhcrt% n^uircti mokture ond a 
favorahk^ tenipcTalun^ po-M'nt jdmuhaneuualy. f^urfan- drying rcBolta in warping 
induced by ihi' dilTt'rpniiAl fihrinkagt' of the uppiT Rjrfafe in relation to the lower. 
tESee PCA kiafli^t ST5I fo^ much ei¥c'UlLtil di-tail on tlw dt^ign and eonnlmctlon uf 
slab floorm,) 

iruffii and Ffiwfjr; frqrcfcn U'df^. Ordiiiary^ "jkourt’d"' liaBcUir'IiE lloota and 
waII^ an! LiBtially tif uncEfOtrolliHl rathiT pcwjr quality cooen'ter Nevx^Ellii'li™ tntjat uf 
them will prove TeBjumablv Nitiidaclorv' on we1l-coiji|Htcted porouj nuitaijly dmitk^l 
aul^gradcN AEid niTiiLAr backfill nmlwial. Tar pAint or an unpuiictureil durable loeinbmiiiP 
tiack uf tlbe wall or umler the fliKir an? giMai wEintruetJon tncuaurE!*- if iht' wtill k^akp 
and the outaide h Imcctwible, plaBteieii^jn ei'ment-moftar coat# Appliid to the moin- 
tened^ clenmd inner foei' temigirariiy from flow pncRBure frcHu withiiut and prop¬ 

erly CUCI^) will provide w^tertiglilTk-n. A Tinn founiiation, purooB bsiekfiUT ^nd imipirr 
dmitmge (by weep hoh-# ur tib in gravel) will imparl much utabslity to low iugually 
undcEfilpied) gardeu-typi.^ retaining; walb. The inctV'ajcing forward lean BO often ol^-rvivj 
in rtieh wallR i» uiaialty a nmjit id the gradual buihlup of earth prefteum fmm I he 
cverdnrreaaing “aquceEc effi’Ct" of moifi day gradually coming to Ytew luon? firmly 
and fully againat the wall. 
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Firm Unsfirldittg SuppaH ffcmrritA an Frisiin^ Mtmhrr. A rirti rancrcte 

HT mart AT miitan* iriAy Ijo lampr^i nr put^fiitk^ into pltift! to ftw^urrn? Uh! lutui caytltKl 
by rtiiirrt> nH^mb^r thaL ib to ta- r^movcHi. Virtually all rt*nirkp hbrinkiir^ av«itl<;'4 

tLfi ^ muni? fif thi^ Ptrain fratn l^nulinjc <by virtyi:’ of ilu^ pwln«w in- 

by tSu^ Mrwm laaipi^iit)» Alnimj num pciwdi^jr mn b- tiH«i in t h*- mixt un-^ to prodijrr 
an artiial fM.'r "Alutnitnini Poadi r' ). Tht^ wsnert'U^ should hv ki-pt 

moi&t bir Hivt^rti] dayp^ (if rfmfmv 

Paifhin^ and Rrpttinni^. tksnrn^l^' Hhiiiild lie fi>athiT-rtlgi?d. Thi* kwation of 

any patrh shtmltl 1*? thipruiri or erhiaalud to wr+irai nr jilt^htly imdoirut wlgw % in. or 
nioro in depth Tb' initinl Plnkf-ulT for ibe iMitrb ohoHld b* in. or m ahivt> the floor 
lovcl, liiufitimg opiiratioiiR attaining fliL^hiicw, AU patrhcA nerd Id fcjr kept tnoij^t for 
OEuing. 

f^iFiJiriUJjuit nr jfitlH'm C^^nMtrucii&n &f Parrtt4^nt4), S^iiinr alxjul J&SO a eonltiiuouA or 
ribtioD type of mnntmetion ba-t eiutetraduliy empbvi'd lo a limited txb nt in 
pavemefil ctirurtnininn. Hi-ft(ly-misod rtmerete if Init^kerl and fliunpod into a fotrward 
hopper tni tbe paving ma^biuo. Tlie ronoDrle ir+ molded Id the cnw» wclion af the slaij 
aa t he marhitH' iiif^vea nli>wly forward kwing ibc^ «trip of fiwhly mutdi'il ronemte bLihind 
it. Thci roisture \b fnirly flewi timn 3 -ifi- liluEiip and Ibu two lateml faeva am inolih-d 
to a flight inward Ijaiter- Ttifi wYkt^h nf thi’ iiaver operate on giiidn raiU iot to line and 
gnulr). Up to wilLin a few feel of the paver ib' fnrnh iumrr*^ ia nprayed wil h a cokir- 
Iei4s Milling rumpt»Lmil for mouttufi" retuntUiti UJiljl formal DuKng ran bc.^ start id- Thi’ 
met IhkI prcNtiioi^a a slab aurfarii that b tinitsoially uniform and no anidiing m n.'^uirod. 
fii faet it La extremely important that ihe paveau'nl nnf fee (ourftrd prir/r to initial -rtiffen- 
ing. Tb^ fi-H or fO-in. elighlly tfloping i"(ig%'a Rtand ik-arly vtirtieed helil in part hy 
the alight aurfart' teiwinn unleaa ihe ronertde within the vicinity i^ lourhtd- Tbi mont 
gijhtir rntitact b likely to pitH.^ipitattr a silunipine or slouglung off that extemb several 
fiwt into the pavument, newssibi^titiie a troulile4«Jnw likcaJued repifteerrvent nperation. 

NAtf/dinp. Concrete b much tind for slurlding agairut nuclear nidlalioru 
The effectiVLnL'tk^ of wmefrete for ihtA om- u more or proimrtional lo ita w eight which 
mnulta iti iron itrwi/or heavy iron oie being frequently lused the aggn-gate. While 
leaf! b mute rffrelive ttum concreti:! p(?r unit of ttiiekiwia, it is more expoTunve and hns 
the disaflvanLitge of inability to pnpport itiM^tf in the typi- rJ titrg?^ ma,^ fn^ueutly 
needed- 

Asiije fmni I he inen-ajkd corI of whatever hi'itvy aggn-gnte b uwl them am alao 
ItirrefWKl Tiiixirg and pliwx^ nt cwt. For example, n shovel dors not penetrate a 
ptaatie tnistun- of heavv-iiggn^gnle ronercte with lln^ eaw fhftt it do*ifl a runemte froni 
nggrpgateff wil bln the coiiwntional flja-d lie-gravity rangi- Just af iiifT 4 »n^nl teehniquiv 
an* n-quired for a ligbtweighi eooerete I where the Hiign jinte tends final on the oemi^nt- 
Walet pitflte) iliffi^renl terhliirpiej^ of an uppfisilte nature are requirid where high^peeific^ 
denaity aggn^^te b n«^l 

While ihr fucidamonlaU I>f IP mi Ci>ncn?t<! eonstruetion aro n latively few anci Kitiiple, 
adaptations are ever on the iporx^jisr and many of them rt^uire new leeliniqm's ur 
modihrat ions of existing pri>cediirea™ 

JOINTS AND HINGES 

Al though problemn of voliitiie change li'Xpamion and font metlaii) and of bH ilation 
and art if Illation an* nnl limil^l fo eonf«*te, ihr dbiortiottal and Klrain'lraiwfrr aspects 
do pmviife wmi 4 * of the mo^l dithrtilt farinrs U* ki'cp untkif aatlidaetory rofilnd. In 
disi uHnn thl^ physteaf proi^rtin's of efJocjnL-te and ib- data of Talile 5^ it wvw 
nut that the Lffecls of anlngrtLOUs iliffeientud dwtiirtiiiOH nfv offt-o more ivven' than 
ar^* ihi' pnHiisiable iu-aorvtei^ »tTea^H^. Eataidished design aiicl const ruction pmcliccf. 
leave mueh room for improvcnientp and even thi^ of ptiwnt-ilay fonerLte b likely 
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to fihow tksilfijelivfMiiiil/or unj'iKhilv' rrmrkiiijf thfnu^b oiiT iTiaEii Eil v to pmlift nml 
tn>] diETorL^mioJ (hir nliurln>iiiiii]p4 nm Wju rinlly in i*viilimfi^ lr\ih rt^iEttril 

to rHnrn’te jmvt-iiii'n13 wlw«ri' f^snditiorL'' itTo unufftmlEy N'Voni ojid wh«>n^ prat-tifijj urt^ 
ck'ddiHjIy in thi- evnludoimry' phoA' iVnip. itiiiiaU Kng. Expt. *S%. HuH, 3t.E5, ElH7i 
Tb- mxar at ji^bittiJ p^ty ihroui^li, howi»v-4fr^ lo itii' blii!* fiuuctiira] nmj 

Typ^s of Jouitifi. JijJd I/Vhv. jr/, voL p. lifts • joint* a* tm- 

Hrtictim, cariiracfittti, i'Jtfximim, nnd fonirof, Thr’ Nunf' joini may ftmction a* one nr 
hkl four Hf tEifc' typrifl HR-tLliorH-ti. Anothi'r form yi iKi^ hh\ge, artirutalMtt^ nr hiugf jmnL 

CmiMiruHioH A ddLLfltmrtion joint ormni sit. imy intornjption of pbrins opt-ra¬ 
tions for tonj 5 iiotsujth to k-t the eorn^n^ie iniifim- In any intcrmpliihti in. oxMf- 

nf 3<) min 1*^ jiiwiimud to rsLlI for a 4:iinfi nJ*"iion joint uninvi i hf-ro in a thomugh plit}^tii- 
reworkitig of tfa!: roncivln ofnin* Tht- jtini'lion whi^o plmrniE'ni i* il may 

havi^ any orifnlatinn but is usuiiUy titlwr vi-rtinkl or hoHiionrnl. I>iiwi4 stwl itmy be- 
lujctl rtiTopa tb* joitit but not ni^^smrily in, watnEtiKhtju-sfl i* im|ji>rr-aiit, slittrl- 

metal inifir Mtop^ may Ik' t>nil¥.-dik‘il in the eonnrt'to nerofi? a vertiE“al joint. U’ht Ei tIil^ 
IF tioiw, tbi* nv'Lal is folJttJ nr at ib/ join! lo pn^vent tinjing in ra*i“ nf ion 

or difnrimtial motion butwivii t'l’w nitjuv-nl ni" oonro.Jte- Horijonlal eon*?ruclioii 

j-TMntfK surb afl ixrciif bt'twwn lifts or poijn^ fif tboirs, n'inlk rbimm^^n, fiMJiida- 

lion^p petinHtab, nr ran k- tnajb watortiEbt hy prnpf-r aitentioTi to Mirfurt- 

r|i.-aninK ami bimiing «f the nt-vr rnncn-le wht'n pbrimii-nt 1-*^ riHHuminl. .\n effort wilt 
iLsually b' nmdn li> bav« enfuitriji^tiiiii jnint.s ocrur nUtjrv' one iff ihi' ntluT types of jnint 
is ri'ijLilred or at lejiat is in order. Constnielion joints in beams and gnrdefs shnutd iw 
appeoxiniatidy ikornuil lo iIk' axis of the mi mkr, nnwr pnrallel in it. Tbi v iimy EM'iiur 
nafely in u n^^pon ^hT high is-nEfinje mimiimt, ^inn^' tb* ennrn^e Inkt^ ihi^ tlinirt ntid 
tb^ Iniiitile stunl rn.«Hii|i tb/i fit?e(]on the^ lensimi acne’s ibt' joint. Nuth a. joint 

should nnt occur where ib^ sb^r to b* carrieil hy the ci>ncn?Te i’l fippn'einl;lei in pmeml 
Eb^refopCp tht^ easting n unirnriuly kHukHl lit^xurul mh'mla'r slioiild b? dbrnntinm^i 
neuT ib^ rentier ralb^r tbaii 111^111 a support icii il bis to b' in nnkrt:* than one 
lion)- furdets, sLabs^ capitals, etc., nie all eotisiiltirLHi p:Lrts of tb- ft<i¥pr to 

poured in oru' ope mf ion; oolimin* are diseemtinuud at ibe but turn of the Arxir ulmve (nr 
fiflae of rulupm Capital or kam>. 

r’frprfr4irrbr+ Thi-H" an“ uHiialiy inlrtKluci^d to ron'*5tal] ib* urudghtly iTEtekinB 

that Invuriably oeeurs as conmik shrinks (guuerally ffEPto dry rug out j. If n jqjudde 
length or exiMtnne of conrrtife, sueh ns a walk, riftvoitHMit. or wall, is not pro^idi'd with 
■Hintrartion jninb enongh to aecommodate the ahrinkuKi ,, it wilj make itR ^rwn joints 
by iTat*kinK, Although wpsd riunfnrer^nn'nt I'nn ofu^n i^- uw^d lo rcmtnd tb^ loentinn 
of rraeking, il will not pnivent it in thh alwnn- nf pmrM^rly loi-atvd rootrmrtion joints. 
In shrinkinR. a walk or slalr will dra|i itself atnng lire aulqcrnde unljl the 

frietional ri^islanee equals ths' teJunlD stnmKth of the jiluh. at whirb stage riw^kinp 
will nreur. Thi' Eiptimiim spaeliijs for Iransverai^ fhriTikaR>^ iijinls is inrtui'nH*tl by thi^ 
type of aggn^Lte^ the Wi Tin w alic! pro|Min!>rhn.>^ of I hi’ rEUXtUTi', I he curing mjt^tlual em- 
ploJa'tl^ aiirl tb- tenipendiin- Eif liniA’ of plan-mj^m. The weltef and riehiT nilviur^'i!' 
will fifth luc*' KmiUT drying tihrinkilip’s wherea^^ wwim-went her placeiiu nt will involve 
a gri’aler tempn-ratEm' nin4&' tb-reby tnefeaainK riMjling .dirinkagi-. AVlii^re fkavemenl^^ 
an- CAi^t in wiiltha not gn-aler than r^.5 ft, ihn coliht rnrtion JoinU b'lWwU lala^s obviate 
ihe m't'Ei for lontqtudEna! sbrinkaK^' jEiillts. 

t’ur Rranile- uiiiJ UtM-stonp aip^nrimtE'H Rfiarings for Inmsvensi^ pavement joinlH shtiuld 
iLsually faiiRi- b-twei'd 20 and 3CJ fl. Kcir siliemnis Rravid anil ftlag the- rhiig^i- ia b-lwi'i-n 
16 ami 20 fl- Whi’n in iloubt tlio cIiwi't R]Mieings slimdd lie iumsI. For abiut too ft 
[iftek from each fn-e iml and tKI ft frtim iwdt extuiiifion jmEii, rtsntrwftiim joinu will 
gradiwily o|»’n lo a |«iint when- lb- '^aiyfregate inii-rbK^k'* Evaw** In b" effi-elivc fnr 
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ihii of \mt\ iwrww tb* jniEit. Fur tb^ Itx-AlioiiH dawrb ftinn pjid TMjfkiiNi, tb^ 

i n A f'lrtHt'fit ling nr cpIHtt ^uitniili^ Itsiacl-lnifiiirkT di*vinp) ni‘«*d to 

he- pnivirlivl, 

Opnlmrljnii jiiintii in ^hlrwnlk nini ipitmzu fliMPr mi' nurnmlly at +- to ft-fi 
ftml fmoi W tij 20 ft for iniT raiUnip<. ff tbw ]a(tpr <H?cur 

or iwilivn^i uiiitw ibn mifwtrurtion nn^ biil lb*rp niiLHt bt^ iule^r|UAti^ 

proviflon for 4aj:mniflon at aJI intmu^ption*^ iir AhuimoiitH with i^bT nirrafa-rn. 

Prinr t<i liltiiiil ib* 'Mutniny^^ joinl wvi^ iiiiiph ujm.'H, At inM rvftJt* not i-xm-dlng 
rht^ miidmuui for mntrac-liun ^racking iho ooni^rt^it' rro4w AH'tlon b ntiuml 

>iy tb' iiii*L>rtion of u i*l rip of ioini inainrtaJ oxti-ndiDg only pari way thmuith tho fiecSSHjit, 
fit'LiJg invlNifptt^ at thf rKpn^oii bop. fb thr tnrtnlwr » groo^'ntl with A V ttirip at oiir or 
piirfiinv, nr <ilhi;rwL'«t‘ n'tluntl in rrinw b?fnrr tb- CHPiifn^h- lia^f lutnii-ru'd. 

Cmrkjj An- rxpt^rtiHl lo owtir Bt. tb" wi'ahi^niM! A^rlLona, and if (ht- of fl¬ 

ing and ihn hwatiEm j&ro right. 

Tln^ S.HWIN1 joint 13 now (ISh'VR) mpiiHy ropbring iht* dummy joint, I'Ppei itilly tm a 
rfinfru-rtioni joint in pav^^mi'THfl and airntrtpn. It c^siuirti^ of a raw cut to 
in. in width and oni^otirth ti.i otbL-j-^JUfih ib- rUspth of thr alab 

i^iiim? no ifpccini roniniig ia tiMiuirtnip tb' iw of joints doe? not stow down 

thi‘ pki^-mrnl ^pf the ranc'rvte. The weAkria*d isrrtioii atusl providL-d, howpvrr, 
fwffitr nppniptable ^tiritikagi'' sthL-# bw drvtdnpnd in tin* hardening ninmate, ff a. riark 
liari almady cpcriu-nni tbi'anw ctit is tnKt only s-upi^rllnotr^ hut is Ukrfy to produci;' ravnliog 
ill i hr riark aiul saw t'lit nir tu'ar one Bnotb^r. Even with no prior rraok format inn, 
any appn^rjaidr shrinkage tmniou in tb- oonepfte wi]l n^ult Iti rtarking ab^afl of the 
sikW fw«i ihE' itlRf- nf i lir slaifc b ap|>rfMiel]isJ. Siirm^timj*? it ih-simlEh^ to naiv julntu in 
Iwostajp**, limt providing sawi'd ndief joints at intervals of or IQO fl^ foilnwitig thr^' 
w it hi n 2 or 1 ,\ rhiva by I hr a nternyHiuU r- eul s. f mnK^i talidy after sawhig. juintj? an' flusb^cj 
<iu( with a water jet anrl a mawt ie fiHir is forrtMl in lo aJiout Pi tn, nf tb" conorete surface. 
Abiut 4 hr after placcTnftit lb- wuirretr b nsimlly hunl i-nnugh to pi^rmir sttwing lo 
stun af ai»rasave hlnjii.'^ an* naed. It may bi completed 4 to 8 hr later. W ith iliaiuH>nd 
bladt-^i the \tAtm\-mT sawing k usually aretfrnpibb-d Ivtw'i'crv 8 hr imd ^ days, after 
plaptunenL I'lider inilitU wet-tiiirbp nirinK oiitiloor cnneretc dcwlop? shrinkage 
rtn'w mnn' s^lowly than liPfier fttf^tnhraiie roring and sawdng may br .slartH a-s th<^ 
iitlrbp Ls n^uioved, 

4 Vb^n^ sawW loiigil udiruil jEiinls an^ usfs\ In tvro-kih' highway or mo way eomumrijon, 

I hr twielaor wiElth 3? infliifhetent to devrhip appn'rhdilr early tciiifilc atrcw ami the 

HLwiiig nmy Ih' dci^Tnplwhi'fi Jiny limh thi- . . . . ^ plitft.<| it. wirvi™. C.in- 

imrtidn jriht<B&n^ awntUmf^I ulN-'wllcn- in ihi'i/ jvlntiou in (h? [hi'rmul .itraini. pniBi'lit 

in mas's ci.»nerr(v. 

Erpannitm JmHli. FApHTudoli joint# Jirt^ inln«luced lo relievo the ivwn- ihrusl that 
may nwilt in a blowup in a pavemenl, push out tile eurldwR by an adjacent slrlrwalk 
sJafct at right Jitigirs, nr nmniri-st Jbsdf in ulb'r Ufli.h^i*irfihle wny^. Expnn^^i^liJn-jiHllI 
pmetiei* hir e<inei\"te imvi^ments. wb^n’ tb* pn^iluni is aeuti\ varies widely. 

WiiitlLN of join I genendly nmR?' fn>in Do li^ Lfl in., with .^pacings from 40 lo i 2 t^ ft^ 
abiut tM) ft I Ming cnmmnn- Thr-n’ is a pmiwHitniMl tnmsl timard I hr omh^imi of tx- 
iHiieiion jtunis alhigeibT in rurh iHwtruelion aa tiavemi'ntjf and air atrip^ e:^cept in 
the vicinity of inti^rpi'-eiifnis and other aliLitliikg const ruction , hnr aggregate haiing 
a tiigfi ib-rmal n"‘lfieii*nt, bjwrVKfp nr for cuncrute pbch^ al a ndaiivtdy Inw tirmpem- 
liin-H or if the ini 07101111011' esuil race ion jnint# hnvi* not U.vn proja-riy cuiuflrtjclcd or 
iiiairitaini^l, i*7r|ian#ioti jnint? an' iirei.'Si<ary at nominal intervals of tu StJO ft. 

Tb- rrark of mlinlle wbith at pro|Ji r|y M|iaeL'i;l eihnllaetiim joint# permit# nJ an rtggre- 
grtTc Snli rlock ibii wrill tninsfer hsa^l nen^ lh.- imtil, At exTumsion jcnula that I'on^ 
ditinn do*^ not exist and hianl-iFaimft rriiig dowids, wt oia- md unri upL-raiing 
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in Bi£iir>Qfh, lug nk^evif bL ullwir, ejv. numiHliy <iml to hriclj^ jicrtMd ihn 

jd.tit intervftf. insliml, ilip t'kfcjfl mrv nivuti a. unity inrivBj^tnif rd^? 

tlii^knr^ of pcrhftjw lit* p^rconf. Thn lo prrtnoklrfl t^kuitiinaui ntrip is m 

widt iy um'ti nnd jp^iM^mlly mtijifBrtcir^’' form uP iniiit, C<Frk, n|H>iL^^ ruhLH:r, ntitl ptiun-il 
bdjjludt or tar bnvc eUmj h&^n mutb um^l, iht' tnnjor cbjuj^liutin thjiL thiiy 
out^ making &□ cphjt^lii^imtjlc! in€iin'OVL!r. ttiL> ndf^^ tntiti-'riiiJ dixrfl tint Hii^w bni^k 

wbc-n the joint reopens. Dirt and niointiiti? itifiitmttv tlir juitil evrtitmilly Iwi'Qmr^ 
eluggi^^ and itn i-fTe(!tivTni'-£H v ik^^ltuyedr Metal jnlutu with enelnnutl air opinw fail 
to tfurvivo for long tbo efTi'eie) o\ thi+ tvjHrJiled »Ln.^ niuJ eevtirK U-otitig amt fuhiinK tliH'y 
to unJer^o, Alibnui^b afM^ei cn^tly^ eKponalun joinfa for builditi^ ainl bnifj^e^ 
con la^ m&ije to rirnetion with more aaFumiicre of eoiitinui'fl Mati"facton' soniee than 
tion yel provx'd pti^iibla for pavt?nn*iild. It u e^M’tobliRbt^d pmeliee to pruviile pfomold^^i 
otiip iBjiUiriiii or its equivaleiit al nJl juneliocki lietwinm any new eoneri^tu amj a nMirgiiml 
rv^tmining bmly such os a buihling, a curbing, an LiiterMcctiDn,. or a bridge, 

Ci>Fi/r<i^ Joints, The* damm^ jmnt dejwribed under cwnfFtidioFv jm'nfj is ono fcirm of 
sCNcallt^ ropiirof jVa’nI. Others ore joinla plociMl |it>^tw'4^H'n Inr^ p^^wer luiila for purposes 
of iBoiatioR vihraiion tir loealixing pof^ihlo dainagiS jointa p^aciai whcn]i Bppintiiih]i^ 
changE's in cru^«^ Mcctbiui CH^eur {oponings in wnlls, I'tc.;; jolnte nt iitnctions between 
pHirta huilL on fouhdntlomi having dlffen'iir ht'oring values; and joints al angks lo'tw'een 
major pnrljons of huildiikjipE^ as at the juncliDiis in Jj-, tl-+ and U-uhajM- atrncKun''s. 
The locatiofi of OfhiTot jmtd* involves both architectuml and onginectring considerations. 
Current prattice dictates that Sartti*, indiitx'ndiuit, join t less concrete tiniia Mbonld not 
exceed about 60 ft in length- AdiaccJit seel ions of hridpv and buildingK one fn'quently 
built up iiodept^ndnnlly from i*ejjamtci footlugH aljout 1 in- apart, 

Brtd i/inflP JfriFifs; TEii- lotigil udinal cenk-r Joint commonly 

Ui4«l on A concn?le pawcntiril i? e#sr'nt tally a JvinL r>:formed bora bomh^d 
acto^ the joinl. interval at mid~di'pth to hold the a^ljHiyiit ilabt in elotkj contact while 
pi-rmitiing a slight rnta^iem of one with tospeel to ihi^ otfk-r, A Inul-Kmnsferring align¬ 
ment in mrually accomplished by a longitudinal hi^n[|i>^r-shfi^h.^d key within the middle 
tJiird of thv «hil3 depth. B(:indc^tl dow'els can Im' us'd in lieu of (he tip tiors find edge- 
grtitove arranKemi^iil. Another tyjnr of hinj^' or arl IruLatkm is the kind needed for trans¬ 
fer of ht^ttvy thrust freuD one ItcMjy of iioncnste to another where slight tolativi^ relations 
of tla.‘ two may or should aemr, an in a hingi'd couerctf^ arch. Tlie Considen.' 

irarfllli'l-tjar nmi Mi*snager em-uDeddior tiioHcs are illustralive {Prof. Art, vril. 31. 

pp. 

CURING 

Dpfiiiitiuei of Cuiingr Curing includes oil Jm^un's csfmntlaJ to assist the fn-shly 
p1aa»l concn'le to develop the stnmgth atui lianiness pri^rotjui-iik! to wj-vdeu. This 
iniplii's proleetion agidu-^L premature lopufing laecidLmtal or appliiNli and any adverse 
eheiiucid pffitrts as wi II eui t he mainli nanc*^ ctf iiioistiik.^ and U^mperatun s fmvtirahSe to 
Aj^r^i'oa. Formal eurifiK meosunts an? Usually discontinued as the mnenUe got* into 
service, hut actual curing ecmlinurs at a ik^reaslng rate for an iiati/fiidu- pt^ritKl if 
D:inisLiini and tempetaturu (xuiditintw cofUinue fav'oratde. Although inii-rruptiHi euiiog 
(thrcFiigb drying fju! or Inw tem;H fatun-) wiLl rt^ime as favorable conditiorLs iin* 
stort?d, ii Is usually tin" euring prior to ta-rviee that is of nuijur iinp[prtanri\ «Lnee pn^ 
mature service may iM-isine*" physictU dtsniptinn that. stiliMt-iiui<ni curing ejmiiirt r» rriLdv. 

Curing Methods. In Figs. & to II are ^hown repnwn(atlv4* extents m which the 
i-nvlmEi£iM;ntal curLtig factors of mnistun^ artfl teinpumture indmuce the rati^ and 
magnitude# of strengths deveh«|>td id rvlatJun to lime. In practice (hi-re an? four ^-n- 
emJ curing LechiLiqiw* for ensuring an uciintermpieti supply of fm.^ maieluni: t 

i SUflthnii 2F aod 3 or* niA cmcTrllr ^uiWuiO W jui *rkl ft>ibn or oLbef ?a>rifutipi«ml- 
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1. fhml apf^iaiUnn ^ wnifr by prov34iii|e ffiotfl eftvv.titi^ lA burlnp, Ftmw, or 
Mitb, Ilf by !ipriiilsliti|^ al frr<iui;nt intiTv-nls or |x7mJi^kfc liniiv™uii or fo^-wnm ruriiijt 
raJk Ln ttd# cJiww, iu« iImw wilb imptMTifiHJ^ fwluT^ lo iiiioimi*^ esTifwraHon lotw, 

BM*i wpttini; down uodi^r thii p^ipi’r Jit Phort t'noiiK^ to koc'p ifiirftoi?? moist. 

2- Bftrntian mrihftds; pc'tftioirni: iKo niixliiit ft’Bti'r. t« pr^n.^i: tlii^ nmii^ ci-vd, by ^ipniyipiR 
lhi‘ eipi:wfH| horitniiLid Mirfutv fuf ihr* rrthrn^b" with "ftitifiK or sealioj^ cdMpcrtindii Uoit 
p^yp^if flP r^bml lo(i!!is of moij'tiin,’- ljy fvjipftrTi.tjoti. rm-mi'diQt'P applscuti’iiii 

tho luobtuiT fias Irfl the ^urfsre) la Ijpm fully effectivo is lenvinit the 

formH in pk«“, whirh in fw^ihle- 

Z Thr uMf 4 a 0 / drIiifutMfni ^hrmvul* ^UHinlly tnWtum ehloriik nt 

pOxhjI l.Z Ih p<!r phi yd of Burfjwi^). This Is t»ci«Fib]e only on lurfaens more or 

km lioriiontAL Although it <lws nut jnipply watt-r for the concn'lc it docs limit or 
prevent cv'npcirfttioTip it too ii em^iititilly a ''water-retention method. 

4. jff¥iin rtinnfTp suitabW for «?rtHii:i preea^t concrete pnxIuGtR, SJ 

immEioEkt'^l uotler i5Tt‘fwt pftKlucts. 

TermiMtion of FoTm-l Curing; PrecautioQB, Rf’iimvjd of formif and placing the 
eonen'te into M^rvice nee^J to intimately mlated lo tbr progpew of hydratiunu 
with mmutiire nn^-nlp hydration b reliimitHl by low tompeniturt! (we Fig, tl) nnd 
virtunJly hailed n few di'gr^-cs Ndow the fn'i'riiig of Hater. Important ilemntktfl of jurlg- 
ment Am involvinii k^prfLally whtmi rwiiltia from tests on drilJed core? nr otbir form ^ 
iob-^ontml spenrime na uiv not availftblt'. Form ft'BiovflJ can best he fii?cidi‘d on itii' ba^ia 
of a stn-ngih eriterinn; but in the aikiwnce nf IkxuntJ or mmpnwve control tesla (he 
sEn ngth mav U- %arioi 4 slv estinwitiHi by ^iieli device# a? *^hiiU'* siirfac^ hamineia icFta, 
a earhiii^popf fdMiH impact le^t, the Swiss Hakiiuicr, or bond imllout teebi with bars 
haviEig partdeiigth emfiodinonl (?«? '^'iitrcngtli'’), 

Ubi-re widb are to b*,* nibbedn iV ruinbing nhould b* done when the concrt-Ec has 
alt ai nisi a ntrengih of aimul KXl pri, which may n» rariy mi 12 to 24 hr afUf pkdEiK! 
but, in gvCLi-ral. forms nbouhi rt'inaiii in pJan^ from 2 Eo 4 days nt a mimmum^ ami any 
th xumJ memburs #upFK>rting ihoir own or oUa-r Ilm^I? ahmitd lia\-u cmitinrnms 

support as longas nsiuire^l to di-vi lop either full atn ngth nr n UnUrr of wifely of 

2 whate%vr Inml will imiMwl Highway slabs are usually giv^u a mimmum 

of ID ilAvn mnipt curing from tmin of cabling An ordimw^' ridowalk slab rauld tm 
plnct^l iu'uervicc as mfiin na tht nc b enongti surfapo liardrw a? to it™! atiroaion anti comer 
siXTlIiog (pi^rlinijs a ciniplc of daffl); tho ntiignEludi' of Eh.' Umditi^ w ncghgilde; mter- 
nailEeiil curing will coJitinue indefinLEely iluriiiK the life of an outdoor iidewidfc. 

In hiau.H!a4ii rtkld-HValhcf builLling rciiuitructiim ctiwes or heaters ari often used Ui 
nuiintjijn a favoralple tl■nlpe^al^J^x^ It b tcnpoElant that ample mobtuna (by sprinkling, 
moiift cover, or live steam) be in such i™ r, rfimn- nthnrwbe the artificial heat 

driea out I hr concode, hAlllng ruriiig n^gardh'^a of u^mpc^at l^M^ 

In tbr uso of iIh> itnpcr’V'iouB cnmibninc or covoffc if ihi^ro ht #un ostposurp, the mem¬ 
brane should bv of light color; a ilark color draws the beat and may produce sirioui- 
Furfare clkcckiiiK. Anv curing mcmbTane nmy be un-rightly an^l is likely to pEx^vent 
bomimg with plaster nnd/or a mimtic piint fiUk^r. At the dyn^nliEiuanctj of formal ctinng 
iho conemte should iiol hr aubits^ eo thermikJ nhock by expoHirt; to an environment 
greatly different in tcmiwmtaro. thi^ndiy cnNiling ob;cctiotkable diffErenlial alnunw 

WATERPROOFING AND PAINTING 

Waterproufing; Membrane; Vflporprooftng: Condtnaation, The poK^gt: 

of water through ci^knciele, CKCcpi under high hkwb, i» dui- ecilLdy lo a harsh or poorly 
diwgnrfl mklurt^ m pimr plaeemctkt iincluding laitanco or other poor Isjuding 1101^1*1'n 
adjacent poum). Physical disruriEion (cracks) will tdt water through nganllci® nf 
cuneiT!tc iiUAWly. Many admijcturcs have advertbed and sold &8 inJcgra! water- 
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proofing but, howev^^r (tcwkI thr I'qilatly naticfaetory n.'awjh^ 

invftrUlily haw bwis eittiilni,Hl by pWiiiK ihi^ #*oiipn'te Piishyiit luimlstLirv with as much 
ran' m* wa# irn-d with it. The l1iiTt-«hc^liKl but imperrm^jdih* hulU €»F tW mncrx'te fhipg 
of World Whr S, of tbi’ bar@iv ttnii J«*lf-pTO|ndleN| conrretr "canto carriL'n*^^ 

of World War If, find of mncrrlc iMirip'?; op<*raci!fcie (oi- nwiny warn in Jwiib fiall and 
fn.'ph water Kupjwirt ihi^ iitali™«iit if FU|ip«rt. ii* ntunlrtl. Mon^ j^trikbin p^rh4i[», 
FurpriMti^t, u the fact <hnl ihi' world's kut^cst ponloon britlfcc Ithi' Wjt-^^hiuifton 
fkiAtinp briilec al s^iiTllo, IQI^tSb hfii* shown no Sij^kap?. Ti't this Htniftiirt^ Is 
of Hoalifiit boKcsrfu’h S50 ft ]o 0 |^ 53 ft widn^ nx\t\ H ft fh.s.*p wilh the rfiitbirciwl tsuarrett^ 
hot tom Jinii flido vmllr- otkiy B in. in t otal thickniwi, 

Althoiiich any n^‘ionB>>]y ^^ockl unrracku'^i t-Njiierete is proof aipLin.^l isfrcc^obfljt nrtd 
it is nsoTo dtHimU to niakc roncTvtc proof aptinst ]>.wap- of rnpHtar^ tiirO^ture 
and iitft/rr iwpw. The mm of Jnrmhrrtaf wati-r|srttofiii|c i heavy lar pwtis'r or tarmJ felt i on 
lhi“ water flide in aIhuiI the only sun- weiy of |7n‘ventin}( ruiriilari^ dampn^^M tin the 
wrh- tlM" fiimcretc. -Such damtinihss is usually invbitde but cjkti hi* nniilLly 
(fVor. Af't, voL 43^ Pr 914, ]IHT). The memhratte tn mIh*^ j^itre pnitertiun fur 
om^Jrarlion espfwietl to mofslureiui one side atiri ajpiihnt enaekn in l lu' ronerrle- 
Twr and asphnhie matinpi haw lonp Ije^'n iweil on the bnek sidi^ 'ihi' water ^fli^i 
ii\ n!-Lainiii|t wrills aiul nhutnu-ntn btitn for an ex|»mE fati.% ati^ LtsLially unHitMoctory 
in ap|M*arH.ni^% 

Sjmettmifi^ esijeriaJly in newly mnstriii't<,'<l bciseinrnts whure the fnitside soil tc-ni- 
la^ratun^ w fltill low^ eonrrete walls and floors apijt-fir leak, fnim LJv fn'f nuitslua- that 
]!i merely surface cnndcfiantinn frnni (Iw^ air. 

Cament Paints. ^Torltand-riwni paint/* varioitsly known "[wirtlunilnM-nienl 
IwiHi^ iwint" or '^isortlanil-Tf'fni'jit waler iknitit/* n-fern En woti^rHjilutahle ^laints in which 
ptkrtland rement in the Idiuier. ^'CivnnifHTeifll [m\nV- is fartoiy^ nii:[i‘ 4 i, mmly fur the 
lulditinn of I hi' water; ^^joh-mixeil fiointa” are pn ^iJortioniHi hy I he ijx-r, As applied 
tb'y an* i^uiliaJly a thin ^a»rtlaiirl-nL|||LinE grnut^ (be J4>lid rnntinl beinjic b-'J to 100 
pi'rn*nt fiojihuiil cenn'iit. t>()EiMiuii .H-^ninilary' ronstUunots ftic hyrlrateil IIdm' not 
exrectii&f! 25 percent, water retents tealeinm or aliimlEiujn nt*‘araief under I p rceiib 
and hyjtnitticopic satis [cAlcjuni or hodjum rhl^wide not exceeding 5 percent amJ titaniuju 
liinxkde rTifb^ or isinf siiiRde fZn,^) nut exrMiNaJinp; 5 pt!rruikt|. White ptirl lnnd-ci*nu*nt 
jiaint haa a sonki'w-lial difTi^n ni raiip of optional rnnsiituenlK, ihi^ whito-piprttand n^nu^nt 
ran^npe (nm !?t} to {II rK^rreru of the loin! solifls dC/, vnl. p. 185^ It^l2!i. 

Fortland-rtimenl pdm v appiirfihlr lo roiien te, Ntuceo. and ma>rmry aurfaees, except 
flmra and other nroii^ suhjecl to ahrosioTi. Such paints are ust-if for da'corativc effects 
and also to n^flurt! Water pi^imiL'alnlity of laimu- <kpt'n-toxTiirt'd inrLsoTir>' such us bloi'k 
const tllelkOti. They uie of ipii'sl Lonable vaEui* for stopplnj( leakajp- ihowh |sin;iUS 
wn\y cXfKWwl tfp water pressure, when ihc iJaint applied on I he s]dr« awny from 
water pressure^ in spite of rwi^^pini; fidvcrtisiiii^ claims frcriuintly nitule l>y nianu- 
factun-rs whoM‘ products am i-winttiuHy "purlLindH-iata'nE paintff.'' cfimii- 

tinns usually n'^ium* more postl iVL- wateryinsihip^ meihotU such aa an iftiprrviiiu* oicwp- 
hrqaf on tb' Hide of tb: pnessum or *^plu*irrftl <fh** cnatw on iliu sidi! away from rb' 

pn^upp. 

With proper preeaulions as Eo contisisiEion, Tni:iln|t, appliratini!i^ ami cipdojE, porElanrb 
rt^nicELt jiflints tifl' rlumhli' and wttisfactory. Thi- succi-ss uf the joh nfliui hingi^ on 
the doiDR; the wall must la* clean and frw' of nid oil paint ur any n*sidue uf Fom^ oh, 
anil ihi^ pain! (hiMn^ i^-ntially Is^^Tlalld eotnem i niio-l U\ cunul and shnutLl Ik- kept 
Cimtiniiously moist for at leant 4S hr fifP r il hjw hanti la^l enmij^h for sprintlinjc 

Oil Paintt on PhdmalioK roner^ Eo mirfacH.-s with a 2 ts*reent Jtine rhlinride 

^d 3 ^*rernt phosphoric acid b water has ih-vn found tn n^niuvc much td the difliciJlty 
Id i^dling; a dikrati'if,' paint jfj^i with oil painls on eonercte in whirh iln.'jv was anv frte 
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moiFiuiw or jtikAli nt dj- tK»f llip flurffirt-. Of] inifnfji im pwipi^riy jiru(n>flt«i surfiirep 

givi* iw Ionic ^rvKH* on conrwU" s* iJk^y ito on woohI ACl, 43, p. lOTT^ 1047). 

1l IN iIjimiiLfici^ilC nf fi&pfniifirutinii sjni fmnirt«i# i\mi lo ollnifruilt.Nj. 

For fild dry intcfiijr nil iwuln ii.«iiully r?fi?i‘lli^nt n^NSiliN ftithcmt |3fvtru*l- 

hhhiL Any 4|]ijpr>tHfif« Imm k <if iiii uil or uthur im|xfvfnuN iHiim nr^uhs in bluitc-rinic 

itrul nomlurahility. 

A1>MUCTUM&* 

Eh'o ind Coa Aipecls. To an lo'i'r-mrfi'AJttnic i*st*'nt rtj&^rcto urimrcturt^ aw SJ^umfog 
vrarmnlnj impurliiiittr. Wlhjn i1m.‘ iiw ij 4 mi iwlrnkiun^ fit cotitt*mp4att?d rertain fa€'tii 
^hutild, fm- ki'pt Hinafiy in iriind^ (1) Tht^ ajlinjitun' ironBlilutes an estra 

jiiati'riiiJ I hut mm'-t lit* purehuNtHli haiH'llndl, bnlchiMJ and miitrci'lk'd. (2] tor ni4>*t bjI* 
tnfsIunHf viiry wlfjjEhT lii^viatiniiN in amniint poxlunr im^Kirtanl rhan^t:^ in ibt^ wiicri^j.^ 
n ^if|{hl ^mt'tfna'si highly iJttTnuKiiig. 13] Wbi'ii in vwn iht 

iTH.^nik-d fiplimum Aiuountr thu i-kiLnirteiTJTftTi uf tln‘ Mncrt'tt' niay bu altctt^ in variouN 
rwHjictii^, mjt ull nf thrm ht^iv'CTiuJ. <41 rk-in^ uFiuilly ttf a jirojinrloty iiutun- innny 
MinLL^lufra nw tnjTfn nD^lmiitP wididv udviTtiwii with nwm^ping claims not t-aaity proved 
or [|LNpmv 4 ^i. Thi^ fwrfontiuJ shu-p will do well to muintaJfi an altitude nf eoiiATViitivt% 
jtkrpliral olyeritivfty^ 

in p'Ronkl then ihn ha' or nonuA' of uii adnilxtui^ ?huulil Im‘ dwridinl on tb- \wk of 
Itn ftdiied <xwt ami df ^T^'o uiiwrlainty mid uiilntlnnw involwl wE lRhi-d againrt 
thf! imprirtaxii?!.'- of (hi' lieflimd binuhtp and ihu ai^unxl of uiiihjrmity with whirh 

uw of ibe aduibcturu coiiatitute* the Ix-^t or the only praptimljlt- n^lhoii for altuiiiitig 
the bonehlB. I'nifer proper rnalrfiil Tefo|?nited if ihtU raining Ddniixiuin'? ran tii- mn- 
flitleit'd to huve an i^lahlbhrti i^tatUi* jw tio Anne of tb‘ otlwr julmixtiiWs in a Ii-mot 
degnx*- Mnnyp howeverp itu* maripJiAK uofihenrfieinl, nr 4 Infinitely ityuriwis. 

CLasiiacatiofi- As here UA-d thi^ term adrni^urt includi'? any eoni*ti(uent nf pk^lir 
etincnde ntber than n*men(p vthW, and ll muy r™:h the conmplv a* an 

inteRral part of tb? o'jiient—an internmund —or as an EMfuriJlyrr ininHlnftd 

at thi:^ mixfT. ThiN ilii^uie^ion drattrit liLavily vpvti a n^p^rt of ACl Gnmmiitw 2\2 
iPro€. AVI, va\. flip p. 113, Tfth No. 51-5, 1054 IMS). Th? mport covers ilie Nubjurl 
in ronatdenible iktail and iiuppliej^ a list nf 55 i«^ftinent Tefemno-s^. Admixiim's mn’ 
liiuvfified aa: 

1. AcceleraEora:. 

2. BetaTilcra. 

3. AirH^tir ndninic ngenta^ 

4. Giuf^fortni EIK agirritN. 

5. Gmientitiotu ma(erial4i. 

Gr Pijiaoluiiji. 

7 . Alkali-iiiCgregaEo expanalon iiihihilnn. 

8. Dmnppruofinj; nnd piTini'uhillly-rtnhieing URuala- 

9. Workahitity ngi^nta. 

ID. Gnmlin^c u^pi-nts, 

U. MiscellaibCQUH. 

A Ningk niJmixluit' intemied lo ja-rform mnlEipk fniirtintw may appe^m under mofti 
1 lian one heading. 

1. A 4 ?n‘hinilor* are adiW to iiiereuw' the mte of wly Ntn^ngth dv- 

vetnpment (to speed removal of f4»rmj», rmSuei* re*iuin'd jK'ri<:KJ of eiiniig, ciitnperu^te 
for rvUnlfltion of low tenipemture. n?duee '’ttna' oiii^’ for eiiierpmey n|Hiir un4l ottuT 

^ < K©f an rKc^-lhifiL iliaruMiGifl fA niliiiixliiM-jr* I. P4.uaiij Alf.VtM Pw* “Adiuiitu™ 

fwr H«udif-Xlu«l Ctaitrelp/^ NitktfUl) RjendjF’Mliftl i ^Pivtm AriUirlMtKSt 
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work). Often thi' choiw li^a ljetwi?ell UW of Bn arn^k-f^luf ABil tu^ of rithrjr lir|;b-i*arty- 
irtn-n^h or n rirhof tnisturit ii#infE unliwy ceoat'Ot. Chensir^l nrfwlrrjfctflffi 

art* nUriMm ehkijride; nomi' ori^fiiiK^ tompnumlp lu* lrii-lhjiiKitaniiiit>; find HCinar 
Mkluhli^ CJiTSiciiiJitrt, Mliriite?, ami f'riinuia rAff^rid^- aOj) in thr mopt 

widolv Hint'd ma'oSi'mtor. a-^l ooi in of alwJUt 2 ;p rp.^-[k! of The nf 

th^ wnu*nt (Fay 2 \U fn-r i+arki |l ihrrrtiFi^ th- oariy ptm'Ojftb and prevklrt a plight 
proleclion aj^iiKl fitwaing li'mia^ntturi's. In krger HmoatkTii thr Ftnsnisih b hubrlJiChl tally 
itHJupe<ir TaWc *fiif ' SaCI), rvm in phibJI quantitiw, ir lii^triiiamtal to slni'n^^tb 
and durability. Frw DiL>niboF0 of thin j^uup. uthiT ihan calrium rldoridr, bavr 
their rnerit, and JHJtnr niiiy hi^ pwitividy injurkni^. Alumina buJ portloiiJ dvmenl« 
mutually Brci-lntatr ouje nuotiHir itntl in mmvt omc-s pH-otliire fh^h la’t- In RriieraiK 
inweU'ralnrff phnukj f*e iistni only on the Uamu of conipttont tc-ebnirBl mlvipr or a^ 
a result of cxpi'riiiunt or experienoer with thr admiKlure ns Bn BroH|rTBtor+ Sen nlso 
item JL 

2, J?WJTFdrr«- Ik'tard(?rs may Iw“ upwS to oEfiC'l the aecekTafinK of trnip<!tw( ure 

from hot-wi'BlheJ: eoneretiug or hot wnter flows in iircuiting, to iin^vent Chi‘ prenkatun^ 
t<tiffeninK of ermenl^, or aelUnlly to drlny thi- utifl+ninK linrirr rliffii.'ult |ilaniJI|t 

eonrlitioiuc. Tn jtproiit-n nM rU piumifi w\k\tv tht; ^miLl niu^t t»r piimtiefi a ron-^iclLirabk 
diPtHuei'! or when.' it nmy bt‘ murowinry to Toiliill i^rout hoh^s, r^taitk-rH art' fiflen tiindut. 
^im-tiiru?4^ n^tarding aolulioiu an« applied to the fomni to inhibit the of n Furfaix^ 
lavrr of cai«t rtmrrele to that it eon be readily removed by hnething to ex|wm* lia 
aggn-pcate for unmufil iPurfBn'-tt'AtiiJT efIlHMa. 

Among iIhj wide variely of elkk>miealB nllegiid to retard iho n."ttifjg time of port land 
eemi'nl b much vorijibility and uncertainly of oelion. Some lelttnl sonie ceTmnitB 
and Bmden&le E]lb-rB;aomfi retard in cetiain ntnounT^i ami nendrmte In cliETen-nl nm^kUTita. 
The ejTk'^rtH oh llbe pcrtiperth^ of llie coiirrete are nut well knim n, alfhougli mn'w n.'- 
(iiiedcu in strength usualEy aetumpanies the use of organic retardent. Some retanJrrp. 
uw^J in rertaih propoHioiut, a^ipear, howt'ver, to have ne mkerae, awn a beneheial, 
infliienee oil the iUrenglh of the conenMe. fni general, a reLarder should l>e u.ued only 
on rtu" IiafU tif eompi^tent li'clirkienl advice or, la'lter yet, fkf udirnnce I’xpi'rimfTUrttioii 
with the ccTuenr and Other rtLaterlnls under ceiidkioiia appruximaling those of tla^ 
prcppOM-^l UA^ The more commonly kni>wii nkarding mlmixt uni's, ouch an CArbohydniP" 
derivatives (inriudra and calcium lignoFulfenatc, are employed rmky in jtnudi 

frojirrion# *}( a pi-rc^mt by weiglu of the tvnu'nt- 

3. ,liV-c*ifroiPipn{^ AirHErntmining ngofilii have assunitd importance 

iintc about 1040, primarily from ihe stBUiipoint of f^Bveratnl durability agjiinst flHer- 
nationji of severe ci^ld aiartinr and I he injuniHii^ action raf salts usf^i in snow lemoval- 
Thi« act ion id An air’^^ni raining agent ijt ihat of a b^ani ht froth atabiliierr The plwnnnk- 
enon is physIcAl rather Ehati ehebdrol, and the air CEklrainnM'nl III largi'ly. If no( entirely, 
ihrouglk interaclion with tie' wuid mlluT thojE w ith the rtmient. Thi* maxiniunt of abr 
enl fuiima'^nL ur^etim for sand laM wvn'ik thi* 3i.l and 100 mi'S'h ah^vi?a. OiM-^Fiaie sanrls rnanu'r 
llian 14 or Gner tliaii Xo, ICX) show pructicaily no air entrajnnw^nt with any of the 
curnencly tiistv'd aim^nt mining Agt'iits os niprnially lEilrDdurt'd. Thr Gne air bohbli^ 
wi'm ub]i- to clui^ti-r about lutnil grains that fall rjidy wiihiTk a rertaiii liiiiib'd niikii^-’ 
tjf iiartiek' sIei^. Ahhough Lbi^ air ■"nirtkiriEnent takes piac 1 ^ in iIil' miprtar, I hi' preseiLre 
of Colwn*^ n.|QiTi’RaEi^ or Otlu'f noii-air-rk>!a[spnriivo File fraCtioUB Lhcludiog thy Cenu'lil 
diiutc# thrt-^ exl4>nl of, but nui inhibit, air eoiraUimeiit. Becauat' laf its favorable 
elfeet an wcprlcalkilily and textun^ of thr- concrete, air entrainment is taing frt'qm ntly 
cxtendi'^l frtpm iiavcnw^nt conen^te tu cutii«tfMcE.iou whi!n,'' iliirabiEil-y la nm a v^HIolis 
pixiblcUh. rin*pj rciia and Dtfrr^ arc covered by ASTAl 0173 anil C2b5 whi'n intro- 
dueed M "■oddiuons^' inlerground with the elinkcr. hlony other organic compcHinds^ 

t Bh stto "liPealafi ol C<Afrti* Mdium “ 
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Fiirlj ajt rt^njs^ tidlihWii, mud ml-Mj impart air-rqtmimrij; propfrtjis 

if iiiU^rRri>ujnJ in mmuirnlt* ranj^iiK O.Utl5 to 0.05 pt-iri'nt by Ticii^ht nf tly a^m^ntr 
^A mU’rdiwmluMi^ rwinji, fniN, and oik an** not In i hr^np^dvefl but dt'pfnd 

a (Win a PA|>onifirfttinn rT njr*ii>ll Wti h tbi- mlltmli C<iJT?<titlltMltip nf tht" wrai'lll for dl^vi'iop- 
iru^nl Fif ^^l-’ biammfi or fiKiitii-TriAlriliiinH jirorj^Tty; lhl« FOTi^itati.** Intonpinding. 
WaUT-»hjluble n^yMjTji, mrh run "lunitrAllied^" n'^in Ca podium hydrojridj;' i^Eulion 

oF VinMtil tvnm) nr nJkmlt-mrTnl ttmits nf ffuIfnriAU^I oilp nr fatty ariii^, an? in 
fikamioK nKJl'ntfl and ran b^^ rlshrr intf-fjcnniiid ot wlde^i ai tb- nfii^er. 

Untirf pruper rnriind, airH^nl rmining inlnalunHi up- nii mratur^, rat hi r I ban 

ftiP additinim, thn advaiiTai^.’ trf fti-KibiUty in atmmnt m hi* which ift not 
true mbi'ii till- Hgynt cnjivw inti-ri^nMind with thi^ wmf’nt. Eslnmc miu^i bo taJcfii, 
hnm'oviTp tn mvoid iw in osroKs of ainouiita n-nrignixi‘i:l fts pmjfcor, or thi' i«irE^np:th of tbo 
diincri'tt^ foay Iw gn^atly It should tic kopj in mind that ati air^^nirnininR iigimt 

in njmn^eatu wnthnut. nny wnmial oati pmdun^ a mistune that w workable iMvd fat^ 
ha\'in|^ ihi^ mpia-mmnco ai rirh c^norpto iproc- vo|. M\ p. 515, W4). Duo pn> 
e'aulinnp inwt la- lakon to rninm- thml iIh~ juiniixturr is unifomiLv dn^Lribntfiif ihrnugli- 
4 ku( llu’ batrh, siiEOi^ yrry nmall airtniint# of tbo artual nRL'ni haw ptitnncy. For 
wi>rk not under Ri|)i^r\Ti*isoi aiolrunlrnl iho um' of ^*air-oiitn«nir^ coirKmF' (A-^TM 
Cl75 or C^S) bt likely in ia' jdtnpSer and mfer. 

,Som^' ftirn'EitminioR a^nlr luiyr littb nr no offeri an the hydraUnii of th<? wmeiit: 
firhtTH do, iiHilflJly nrlaJ-ibniE It . The perCH.-nlape of entrained air in cunrxete phnuld 
ranp^t- iM twt'C’ii 3 and 0, prrwlMeinii n EtHiuolloil of from 4.5 to !p lb per cM ft id thu WTijtht 
of thji‘ ci>ncifi.*te. 

Hy UHn\i air-ontRunmeFit op lu 30 to tKl pt^rrenL by valmiw for j^tnielurmt rnnf’n^ti? 
and TO eo li5 pt-ra^nt for iofiilLiition twnerirto, wilh both lip;blwei|{hl and conventiorml 
anq^n 1^119, roficrrlt?* i''mn U? pnHJuded (hat mnp‘ ftom 20 to 120 lb per m ft. The air 
is whipped into the liniss by rapid agitation in etnijonelknL wilh I he luldition of tfurh 
air-init raining agunta Jia aodiom lauryl HulfaiVt alkyl aryl anJfuiiatij, and certain Pttnps 
and n'sirwi- The quant itirfl atlditd aj\^ (p^’alSy in of ihe iKjafdijfiriileiiijJCiat atnoqnta 

that result in ihe uifiiiil nirHUit.raiiird confm^tes. *Sueh rcltulaf foam coiierettii have Lmvij 
witk'ly uitfHl in Europe^ Auioeta™! protluirla vi tnghing 35 to 50 lb per eu ft have been 
n^pcirtn^ii wiili istrcngths from 500 lo S5l) jad and eniiiertteH ctf from 70 to W ib ja^r ru ft 
hnv^e flbnwn nimtEgthft up to 2,00(> pid. Amuhef b>am proa-w use? UKents inf such types 
a? Eht' hydrolyso^l w^ph* pfcjleiu nmirntmly employed t<i rcndiat ^EkMilino Hrv*. llie 
fisnm is mhlnd lo thi- mimtuTi^ in plarx* of e<nkvt'tiTi^inal a^tgn'gale. 

4. Gap^fofmmg The li-mlini; Kio^formliig ai^ ni h n^iimiriMm jmjjy/jt, which 

frni ts WLEh tJh' hyrlfaliojt hydro3fiih>iv in cohCTt le to pt'ma ate ihj-: with minute 

kfidro^m buMih.--! noii h mr airH,>nl rpJnioic agi'lils do wiih rnr, Init ihe liminR of iV 
arfioti dilTer>i, Tin* unpiilblM'*! TKivnler^ usUjiUy prefemd^ limw* rallMi grnnviaitfi 
mluuiiEULni, is ihni roinmimly fcir rmlu riling and U^r pyroliehnira and e^pltwives. 

I The bnn ^mtu{»iwi is 11^13 applied to larifiT padletii markettd for mrEalluripCal pUf- 
poties.) Thi^ [M'lh'ts are sphi^riral and frvv fnnn Kn-ftse. For nUmvr actiim (tw iKilisInd 
fK?wder^ Eimrb iim .^1 as a pignu'iit in piiinTc^ nmy bf- preferable, It eoiiwpln tint' l!aki»a 
I nuwtiy -HflO UJ -ICMI medi^ having a high sp'r-Efic surfaCi^ It is nindi^ by a slumping 
prvxrss and is revokiwi in a drum with a lubrieanl to giw ii luskT, Aluminum p<)wderB 
ignite n adily. AmounEs range from 0.fXl5 to th02 percent by weigbi of tlv' cement 
CTUvpl whim larger quant it Li*s are used to produce the light weiKhl, luw-stn'iutth, Kiund 
nr hi ml taHulaijofi filli-r ennend*: known a^i ^'ju^rt»cn'M--" 

WIm'Ii coutmllisi td eeeur thratigh the pruper interval of lime and wiEh varying 
amounls of outride rffllfflini, a slighl Kwelhng can be pneluctd watbout appretiatih* 
weakening, ^urh Hwelling may force the ecuicnd*' to a Is-lter rimlai t with minfnri'iaifi 
slcel, nr it may pmvi^nt upltlemcnt iu an rnicine bloek or a Imst? ondvr an exiBting 
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irtarhirn^: it nwy aIhj pr^v'^-^nl w ri'dtirt: iJ€‘j?ti gjitkin. T^'fcijjt'rttluit' ha om^ (if itiL* fiicturv 
Id bo KiiUml-lecK (hi’ aolioti K^srig ^lawi^r sfi ochjI wc+iithor. Ttii^ n^cliiinE 
HiTiF-d m not to be dimjptsni; tiftei- ii* untli'f way; in Lol wi^itbi'r llir 

phftm" muy oorur m mpidly u to Im“ (laMt'd ^ii^fciiri^ ibii^ tnixttin- ?iifTi'ji> l^rdir. AVI^ 
vol 39. p. 1^. 1^*3). 

At nornml lom|j€^ratLiio§ l\w^ aliiminiini nn&rtiim iHtcirtji wiEh iiikKinv; nnd tnay rfjniinui^ 
for rmm to 4 hr. Atiuvu K tlio n^MCitiuii nhuy (iiii:i|]li^LiN:| in rtiiPi Jtiid xEit^ 
sidonoi' nuiy iicutir prior to tnlliuJ At 4tr"F ihi' n'SE-tiim ni&y not offkH'tivt' for 
rto^i'ontl hoiLTi!. To |]judu!7u ui^maI oxpiiiu^ioin* oiboiil niurb uLuniirmm nH|ij|rt^| 

Ht 4Q^F fit. 70'F. To pn^vi'nl llif fitiaIE iLmEiunt of Ehi' powili>r ^idiH;»ut (nm^ toilful 
pr-r jifick lif OC^mt^flti frivol flojitiEifs on Diixil;i|i; wiiliT it y* uri'li In pn^piikK it a fiTH^ 
i^nfl or |Ki23ii'1iilk. Zilir Bhd tnni^ii'piilni (mwJyrv euo kWi pnxinHoK o^^yii'i'ik in^ 

i^o&d of biyiLru^^n 

Ct'llolar hbirkf) liiniilar lo tfu' foiiiii air-HnttiiiiHHl pron.h!<Ei 1>]o>rlui oui nuolw i>y 
uMng ijp to Ih filuininijni ponilrr rnr hw^k or i-t|Liavjili<iil.. 

5. t*rtm^tiUHt}fUs MfiftfiaU. Naturai tikatoriak inrloib^ tsaiantl nrtn/'fiity 

hfff^rfinite Ittneji, bifisi^JnruJice lUiJ ntiictLin^Si of blitidr^furnttfe *f4t? atnl 

Umfr Tht-w- limy tx^^ubi^titutyil for 10 lu 25 iK^rei-ut by Ut-ipht of thv jw>rtktEii.i cx im'oC 
lfir|p:r amnunlfi wln'n low an- mil olijiK.-lioiiiibk\ ThF- niay Km* 

In inm-fy^i- ihi- workciliilSty fniiin- prirfririUEic^il for I Ur tuin-Sn-r [miitiiin^^i. iU‘rn‘iiw thi* 
hN^^J ing and w-joiri.'jrtiticin^ I by hyat of liyiratitjiu and o-iually di'^n-aia* lla^ 

iffrnnjdhr i^mr contribute to the strength nf the coiirn-ti^ ihrouph iJn^ir own fbyiuittiJ 
mrtiviiy, t^firn Rirh mAleriftlir reciuire fMldiTionaE wjitor and promote r shrinkPHt^' 

of iIh' hArdeniHl roncrtdi- thi^ waU^r eenpomleji. In i^yiii'ral, ihrw^ nuturnl rt int'niinK 
materiftlf linvp liltk jqjeii! firtinl rfTi^ft ihi frost r(-siKliyH7k' utili.w an airH^nEraininiE nRont 
ia pTosent; ttu^y UJoiaJly n'^iuin;: a lonjpT rurin^ period for ihy dyvelnpimHit of (bi'ir 
poirntial iitmtinthH, 

6. PfM*?lrrniV maa/friirffl. fifcielv divisiiH] .iibri'orot ainJ Ei/uaifmjui siuljiSlanH'fl, 
not n'jnrtitiLioui^ ill thenii^dvt'^jf, tomiiine with hydnitini liiru.^ atnJ wak'r to furm ^afily 
eoiniKiutiEh* of n-tnentitiouH vaiiie. Tln.-y may addiNl i^a FulKHtitutkEm^ fur lO m ^ 
prm-til of thr mneiiT in Inrgn' hydrtiulif^ Ftnjeturu:^ to hmvr i hi nt of hydrnUen^ and 

to j'upialy inm^ft/y^l ri-^lFinnoy to walix^ ffulfati'-lmariiiK wdln^ ri'iietlvi^ lut^rKBU?, 
or iifitiirali Hciikl wntem. sjMTific gmvit.y If lower I him tiukt of en'inutii, njkd Ful^citi- 
tulion by equnl wiMi^htii inc-nwH'e t.hj' odntive btilk of fine injEterial^ tht'O-by im|]roviii|t 
wnrkild>iHly and n^EltBrinK idoodinic ami ?M'Kn-[£iiEion. ThE> rflcrfji nn- iiaon^ pethihliiji^iI 
in him mittunu thim iti rich 011 ™. Ttie exlent of thi- iitHLiiTtry on lUe (inn-n-t*' variri- 
j(n-atly fnrdiffen-nt t»0E3i'jlanir infitorialH. The niteuf Ftn^iii^h la^iin iFFlowi-r, but undtir 
rEintinuiiJ ffivotniilo riirinii; eonditkoro the Inter !!«trk'n.K*h^ ate with iiHi^t of the 

po^ilaine adnilKtuo^. Tiki* morr' eemn'LOEk uuitertab in thiF elujFF arr/j^ (fine dm- 
dilnl, fi by-ptmiurt iif power plnntJk lhal tiurii pH^wdenn! fNJaiiib t^dmnir heaE-tn nTiil 
ddj/r'FWinrreUJi warfA^, and 1u>at-lR^ji[(H| rate rUtyt or L'lldet tlie titk* ''CViFnrnt; 

PortlfiiaL PoisEotMiui’^ Fideml Speeifimtinn S.S-C-2Q8fi rc-^|Uin*nui'ntii for oi'inenEK 
iTimlnininK fMiziiiltni];. atro .\i^TM C340. 

7. . l^tofwji^f(':pTiir IfthibUom. [t Juiji W-vti found I hat ft-iiain TiatLiraj and 

urliliriaL |Krtti>1iuiF w.h\ an cH-miHit repInei-EiumtiF iFrom 20 tti iiercenE liy vn’iithh jxivi- 
piwllent jiiN^tti'tiun amuiLHt di^teleririLiiJ rtlkftlj-n'incjnt rt-af^ioii^. Thin ds yiei' hi\fi Jmm 
iim-d for Fevenit of the Laj^e dsuiiF eoiulrueled jiince liktS («af *^U]eildi4 ritkrl ^iuhtitilii- 
tiOffcH")r 

S- Dfimj/pr^Mtfin^ rrnd Perm^tilaHtif-TeitTfria^ dpcjitjf. In conirfte yxpOK>d to rtuPtHtuit- 
on one furt- find Eii air ur dryint? on the other, thi^n^ will f>e a nlnw moi^itiur travel fotn- 
pnrable with ibal whieb fM-rnm frum «uil to bLt in Inm nml vi^|^lariu}l. 'rkkr air FtrSe 
may iiecni dry but tlie bumidily oiliactnE to tLw- face In raiFi-d. <H>jecUi rei»liiiK on a 
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bfimimi'Tvt HiM»r lysmJlv rrini^turo cm the? mitlf'miJD—sui innlirrilinfi thfl,t 

moipluir did lielM'tmtt? thr 

Pro];K*rly prnportioni^^l miirriHir, widl tm»l fTUmi, ifl hiffhly rMdsT^nt to tbn 

fmpfirifjir ijf walcr uiidtr prt-A,^jn'. til ki'EhtaI thi' cif wiLtiir fnnt nf ihe copdbtr^’ 

dunipm^'^ itLHt will Hp^jn^fiabk- dnly ihrisiijili rrarJcj^ or disiMMSitirniilw^ii—* 

Hinif'lhinK tv*l 1ii4|H.-<iJ hy vaU^r ^pl'1l^^^lf4^ nr fjthi-r rMn^flllt'd ihtri^tnl wniiTprotifpm. 
IF H mislUfi’ is harwh iir turkkijg in ■nitH'Pof ihi." Gmdy iJlvidiHl tiitil'cd&lji feitlw^r iTKTt 
nr wii 3 nntiT.kiii.“-i may imprnvn tki' irradin^c lutd w'orkjibility, thnit-by rontrihiitin^^ lo 
w'alnnijtbiniwsi but in ^^t^sn’rftl Uw? uddiikui of a link ornifnl would niNHmiplish list- ^^nnift' 
n?Fi!ilt. An>'tluii|{ ttuiT driTt^iw^^H thv iiumhT, Jind rimlinuily nf tin- mplllttrii*?! iift 
iKTH'firiaJ, Thin im"luiii'S di^rriu>iii|f ihL‘ wiitt'rHeviiR'fU ratio, air rntmitiuiLUit Jtlw i^nmll 
air bubbby: ant durLmtinumiit), UTid favondiSw curing t fiydraMoii jmxluclti rloiMf tuiiL aid 
off numy nt t hn capi llaritfl). 

Amnni^ the morn cfFct-riv^^ of tltn intcKral 'VaterprtMifprw*' am: nnaiP* tinorganic^ 
mils nf fatty aniii- such iu* dakium or ammomiuri sltamte or oli^fUn) 0.2 |.icriviit nr \tss 
by w-i4jLht oF itn^ oiimnnt, butyl stnariitc' iJKiut I rri-nt, heavy tuirLiTiit nil ifnt' of 
fflity or %'nKi:‘Tabtiwii1 comj>i>nenti'l, hivI put^^u*lc tuiphftliir ojL-i up to 5 pcrwul. 

Othi^r p?oprrf?tBry jvjwdpnt, tawU^, and liquitln induiln variotL-i mtnlurulkuL^ oF (\} 
bariiirii! tnilfat*', I'alrium, and nuignii^iuiTi Hiltrale^ ami fntty adil; t2i lonely gri.iuni;{ 
Milim ami naplithalem^ (31 (Njllnidfil silira ami a HiirHIinati : p tiviburn jelly tm.l 

time; i5i reElijhwi' mu[priitts< am! wt* 3( in an anirunniaml copper }•oltiHH 1 ^; Hit pnlirfl^ 
tinif% and aliimt t7i rsjal lur tfut with la'tisriie; niid MHliutii r^ilicaEn with an oqifiiniic 
nitroKenous nmlc^riat. Motd of ttn' timtnriiiU of thin paragraph tht: .^(renj^tb 

BoiiKiwhrtt. wiihiool particularly effertivi' as ilanippmsiforti- 

Cakiiim cbtonde rM^ins to bt^ aj^ a wntnn^rtKiling a^ent rstx pt In fnr an 

il ftmlenitcfi nflj-ly curing or temLi lonffwt frtrv'nKib nHjurtiom^ froiJi oihiT awi-nls- 

'‘\^'aU‘rprf»oriHr' ptinland ti^nwotsf and iiiawnry r!i.uwnliif nantairii waler^iHiiiflhnt 
matpriikl^ infill an efforl to deerttm.*’ ihr rapilLary or travel of thjH nMn‘'tury 
that prudiior^ liweoloTutioa tmil eflltKTvwncv PiJon ev^aiKjnitinn fnmi jib'll i^urfacta. 
In auinuntiR from 0.] to 11-2 by weight of wmmni t he rtik-lli-nt--^ iurfi*aso the w^orkabilky, 
liven™! the Rimnglh. and dven-aA! t^npiUary' alworptioii but piirnioubiljty under 

higli head. 

Q. Witrktibiliiif A^nh: Frrtrh Ithpidfd: Ait Enirmmti^- Workaliillly agmSs arc: 
uriiaby vtnployi‘i?l to deliidtndtH in iputling that tend tu produev har^hia-ii!^ or 

ei^gn galioii and jiKspartEixe ^mrei'^Hful pLiin'Ujent under inamiwible dil^rult ciindilkin.M, 
Ofk-n a sitisple riHUi>iKn of the niixtno: nntli AiKfiai atleiuino to The ratio of fim- 
gnTv to eostnf^ aggri'gatn and (H-rhapn to the gnuUnK (tufa-cially of ibe^ fim* aggn^gak'i 
arconiplkhL^ all that h nmuik'd. IHhi^r linn«a the uw- uf mom eenuitif an ailcniKiurit 
may \k this hig;icid aolutinn. Thty advaurag^'ii arrnjiag fmm Inen ft« 5 l n™ ni 
am iniprov-i^tl w'urkability, incn^ftafnl Rtn ugth, irnp roH abiiityt and frcwi msistanee. 
Ih^dvanl^M^^Ji are irtvriaht'd hi-at rk velnplueriEn ilirn‘iLH*'il volunw rhanKM, and ini-n™.<iJ 
5 Urfail^ enuiing, t ?<rM'i'ially if lin^ plan'll tolivn te mueli surfam nitmipnljilkio. 

Finely dividnJ materials nwvy iwIlIlhI Ui rnistun'^ ih-fieit-cit in Tira'S qmrtieularly 
the nwti'rial pa345<inu tW' Xn. ixi 7«ievet. hi it ■iii ral, tbi- highi'r the f-udnn' 

of I he uinTtrial ihe W thr amoutil n-tjuinHl lo prrHlun' a given i fit’l on wi^rkability, 
Whi'fi a pni|it r ftiuouiit of the mim-ml jiowtler w usiiHh ihim! pIiiouIiJ Ih^ no iiam.iia- in 
tiUtti Water nintent uF tlhr eoufn-to and JMiuie itterma* in ssreiiglh with Utile i^ffi'el ou 
drying ^hrinkiiKe and filwffrptivity irf tlw iLardiiifint ecmrn'tp. Adding nurh a ntirii-ral 


I Wtitrt Uw wjI ur iinruturr iMlf i* fwltr tJuin itii- air isi hi h ItuttiuieaU Tiwbl? i* Mfcdy 

Iu hf* diip J>riiii*ri]v t-j r«HdniiRlinfv fniHi iLr mtliri tlish U> tlirf’ iBviiihlo (^ejlkry frai-’H'l inmi wrt 
ftidr in ilr> piit Aa liNiHinmJilr nipJatuh^ t*rwr will l4nrlc ilw rsni^rS' toivri hm will Hnrn-^- 
Ur'ikM.lkin nilb le itiP Mailt tlui-l i-t tlir trnitreralyie iJllfinTinillal btumeti tfcir iti.pfifct'e SEuJ 

lltc! Ukr liljBiircEii ti> Ll 
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powder n not dirSckiiit in fitaw, pArtirnlorty if rich in cornciiit, fpnr-nUI^ de- 

creAtiCA %'ork^ility for a pven walcf runk-nt {niiffiiw thi’ luui in wurb mixtunfA 
the iiicrpAK! in lotil wattr rvc^uinxl imy i^ult in nn inen-iut- in drying Ahrink&go uid 
iibiwptivity and a deerL'Aj!i? in stri' iJItEb. 

E\ 2 kinp]i^i( of n'lAk-riiilA added in amiHjntHi not 3 to 5 perconi by Wright of 

cemri'ht mrv ciiiif and diaiomaciXHiM mrik, juitkil in larj^r amounts WTt illiJn} 

ath, Jintiy dirided Al/iCtf, c/ny, j^fFia wnd, AydroJfd hme, /n/c, anrl ptdjferiwii JtUfng, aomn 
cd whioh muy he luJdtid in junount^ up to 2ft pe^rcent, 

U oj^rnl-f tiwketerl un^fer pn^pTietAr>' natpif^ infreeuio the mIuiup cor- 

reap<mdinf[ to A Water pontent^ fkcTLwinjt ikto wator-ci'mi^nt ralio eorti'^ipotidinic 

to A in von ^lump. Thruo niaEorittli> nmy {Kintain naifottakHl nrpuiic cocnpoLJnibi pmdi]{N 
injt jiome air entmiimu'iit w[ib the rmresiifKndinK improvi^ workaljility* ly^pecEally for 
thi' li'ariiT mixturfp. contain rariyihydrale «aks in combinatLon with otbiT oo- 

tive or materiak, caUM* qo air n^nlminnient, do not n^fiJL'v l^kittinK, and produc^r^ 
mrav mtartljitEon of set. When advantag^:< xm tiiken ud" the possible whUt roiluctiun, llit! 
hardened ronerete uaiuiily bup Romo fiddiMl stn-riKth and imperiin^Jildlity^ and for tln^ 
ty|i™ that giw iomi air {'nlndnnu-nt there u itietnea^ rc^iRtnnee to fr^^'iini; and tliaw- 
init. Am for other chetnicaJly arlive ftdniistlUfi-M, the tfpi-rilie v(fvr\A vary with crmool# 
and, before use. t«lA Hhotiid be made with tlio cetni^nt and luateriiik that will b' nat!if on 
the jab. 

Ri'KiiW air-entminini; aipjcilji no markedly iinpren'e the wcH-kability as tn r^^utre 
ffienlam aM a workability A#.'iit. 

10. Gfauiinff (See abio "Oil-well Ce^nu'iitd.'') IticrvaMingly ititM|lji uwd 

over a widely diverRifted ranine of appheationB to intfit i^TcaetiiijC and hijthly Aporiabzed 
(■it uatioFia. Some t>f I he ncpri'suntiit jve TvciuirrniciitM are; 

L l^ujHlainml rohmvenew—freedom from K^Kn^j^iiLinn (blecdini^placiii^ rtiuility. 

2, Aweteratbn—rapidity of Jict or early lijindLitiiiij^ wi^rre pLoKRing aelioh in nM^uirefi. 

3. Retardatkm^ability to remain eub^ively Hue! during Iona plariiig. p^tHoils and/or 
imik ‘1 ejtpoaurea to jtn'at heat and exLrenu^ |wewurl^. 

-V. ^trerjffth and waii^rtightnesef of the bardernnl powluct. 

6, ExparuiveUEna a^hen required as filler in poroua forrtmlionii or maebini^ setliog 
o|j«>niiionjii 

Sen^Tiffth. wateriighEiuvia, and colhstviMHaa promoted by nminLaLtiing extrecno 
earT! that the water-eiMUi'Ot ratio lie the bwiMt piwibk' fnr thi- eimditiutiM of pleorement. 
tf sand is Ei^ in mbturv, the irrajIbtR ami amount muat both U- Hght. Air tiH- 
tminment eontributt'e Kreatiy to the tohL'aivooLiM^ and ikiwability hut k powble only 
if wind k present. For either nunl or ment ffrout^ nurh materials Asi fly 

jwh. bentonite, pupiicite, and dtatomacx-otu earth may b‘ naed to improve pumpabihtv. 
Bentonite aid? in bolrling pifu-lirleM m ^Rpiatfinn. Gel.s rlaj-a. sovlMnn protein mb 
sodium bydreaide, po Kid«tinifi?fJ Mlarnb. methyl wlluloae, and miiturefl luioR clay and 
feme osodr* liave al«j boon i^mployi'iJ. Aee-di mtum. rnfanlers, ami j^forminjt nnenhi 
may be w previounly mi ntiomd In p^^ru^ral. eaeh lernutin^ prdiletn calk to an 
uauml diii^riM' for ezperimentntion,r and se&soneii jtiduttoimi. 

11 .Wiiwlfanttu* .Mwirf»rr*. Calmina fngmtftt .iitmlii »lvftv« of inurt mincTHl 
compoMitiim. 

Cil«um fWonrf* or ottwr «||» may hf jiiliniw^d to lower the fnwii™ hmi^^lUTw^ 
the i»ni«u»ip iK'.iuirMl Tw fhi* p.*rpn« nvifeciiinB mhJ injunoitf to thi> afflcn-te! 
ki>pl wilhiJi the 2 iH-ift-nl uperiiied for iiw ae bo accekmtor. ulrium ehlodtie buten* 
tiur hurdublOH of lb. theivby t|,Tn.|l«lnK tb- p. ricKl .Mner which Kn eiHl pr»i- 

ierucin w r«|Uin.d- Grt-Bter perwntiw« thjui 2 p.*rwol ebouhl m.l I,- u«.,J flrhrr 
wtti jw likely to lower Htrenetb And Fhould be um><} only on the bAele of TOiafH.U>nt aJ- 
vice nr netu&l exporimonl. 
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VAnPU-4 fillipt mJcnirEurtat aru nvu-ki‘ti?<i inie^al _ff«rf hatdtner*, to incrijii^^ nv 
jfi)fiA:n>rx^ tn wpat, ciocfi^Ew iliuTiiiK. and m'rvv ''poti? UJli-ns.*^ Amunn mch ntv fiu^ 
ifilkatrJi iif ma^nfjfium nJnl wiik^Ur, tunl iranf^. At bfet Hli'W? itiVf 

hut rt'mpcintr^' n^lii'f for a. Jitxprly lii-jtiKIlttl ^lt3^1^l^ep WiirkEiifULdiJp, or a. |JCM>rty 

f\*'rftT inHiJir^i to liiwt. T\y* dPtniiMPii pirariiw cjf tfciifi'i'liiii^ in twai EH^nu^nt io 
u|/' they AKirfeu^^ of n. flcH^r tit walk for fllJ^t^T Ariiphln}^ pfonnsioii elOftiUR and Biirfa™ 
cnueinfi;. The pmrEiot^ m iSotnknootal anil HhuuJd nol pL^nniOrd. 

Am ^(ripuliiij? ftida vi'-ty Nmal] punfHinta of Irtilow or n'^inouf* mati^riid unrli tut T1>A nr 
|(H)B I Ar^-TM ClSOt arF? jntt^rppoundf with E^i^turiit rlisik^^r. In ihn^ nuantitiiw pTmitUHl 
*So not aUor I in^ o*'mtKnt o^ri^pt indSniotly hy faciititalion o{ fim-r jfrLoEiinif and adding 
ali|;bily to tht* air-ontrainiiit-ni tondonoy. t^imilar in (?li|cht|y atnounii 

ftn.‘ iha tusuiil air-t^ntmininif **Air-t'ntraifiini< Ag?!nttf''L 

EFFECT OF VARIOUS SUBSTANCES ON HARDENED 
PORT LAND-CEMENT CONCRETE* 

Sw aim *’■D»■fl^^:Eivl> anil tU.'atti^'e Aypt^sfatw*’ 

Sinrv ttjaendt if ofton a lojEti HJ or crjavniirnE nuiiorirtJ Uw iho coa-itnintiofi ot rtw- 
ervnint, vntj*, and tsntflK d w iiii(airtufjt to know juimr'ihinj^ of iIa vnlnomhiUty 

to TarioOia aubi^aThrt'fi, 

Add^ and MisccElfin^ns Substantes. jpxai «>nrn't^' k otil aflifrUNl mlvi.-raely 

by pH^Lrolfitm oilfl niid w n!mtr:E ininniiu- to -difthrar ilifOillflioj*, hui tht'n' ia ffomo Um 
from piitii'trntiun hy iJh’ liitbbT or inoir i^olatlk^ ftiol oiU sijrh q 3 k^ron^no, henaine, 
naphtha, and ifn^iUnr. It ta iibrttn*‘tLv vtitimnihli' to fiiii'h inofKanir arida a* p'lalfiiric’p 
tkitrir, jqjIfuitMiB, hydnw'htnrii', and hydrofluoric, and for tho/si' mnrnMo n^nin^ spt'dal 
lininip'- Concri'to dij^tnt^^'grH.k^ ?3owiy uinlrr aet'lir, carlH>nic in lartip or taitrue, 

milk I and Mlajp* juirtip. It ip vi'Fit' ifliKhlly attaeki-d hy fipb oil, laoth foot nil^ 
reflin, <wooi|t, oli\*it'| rnitoiL-t'i-d^ atmoniJ, poppy wainiit, ^^yhcait, 

pt ani]tp rhlnriih-n of iron, mi^rrury, roppL-r, and amnionin. ffuJfido <wort anil pyritn, mu- 
3a<w^, and Jiulliln li^uorL 

Ctmrnoo b« aWi Ai^tlvt^ly attarkH b> njlfatt,*# of onlHum, fHota^idnm, aodium, nuij^- 
copper^ nme^ ahimituint, nianRarim^ in«n, nirkol, rulkali, ami nnimoTkiu; hy 
nitmii" nf ammonia and iirid rqlfatc. Tlit^rv h no at lack by chlori^h'* of rfmlimn, jju- 
laj^ium, mJrtnm, i^lrontium: nitrati*^ of calcium iNOni^Lirn amJ r^Nlium; -soluble f^ulfidt*^ 
(csri-pt emlhijf of Ainmoniikk, iwlMiimtitH, fliioridci*^ anri idlicftti«». Then- Ir nJ ^5 no 
attack from ammonia wator, wm>fl pulp, tainiiiiK (iqnom {n-nnaclih, aiitl aJc^kbnl, 

Salts (Ajclinm and Catdum ChUidtii'^^. The |jroffrf'i«:ivi:! i^nrfan^ st-alinji ilial w^imlly 
n-BullB Frum t^alt cunt act p with conm^tc (ct^|icdally nrnmirnmirmin'ii njnrn'to or coti- 
crE'Ti^ ha\ni^ a w'Eitcr-fiTwmt ratio in cjcctk^ of afniut 5i^i? pd per sack, or which h homy~ 
rutnljcLl, poorly enii^didHtci:3, or insufliciciitly nuiifltH-ti!n*i|) in i^wnl tally a physical 
nitlu'f than a rkkrEnii^al pht'ikurnunon. ^^'hcn drying ctcfnirt* after Milt in mpUjEioei hup 
|a.-nclrjilcd ttic HurfacCn ttu* aaJl cniitalliscii! and ejcpanih*. Thi' cinnual csimivdon b 
niiiiilar to that of fEvt'^dnji; wutcr aikJ itw n'i=iilf w the ohisrrvk'd MurFnci' Kpallina “scaling), 
f^altp do cornwk* metah, atktj incalfick nlly jiroh ctt^l ndnforctnnimt »r witv tiiM nr iiH'lal 
chaim will mM njid ^lall llw cimcrctc pnigivwivcly along the warfHct^ of I he niclai- 

Sea Water. What bait Im'i Ii fzik\ nboul m\t» in KcrwraJ hppUcTi tOw^a-Wntor capowjrc, 
ivjHaMally for coiicn te h»caf»ij in I hi- wnTt'r-hnr' jnoc or Bpmy art'a. More often than 
ffcr^t I lie ibinkuip^ b I'ia the c<irrn^*kin of rcinFornwnt mtlkcr ihnn ilirt^tly an da^mical 
damugi'' li> llku doncin.‘Tc- AH incla! in conch'tc to WikL^'r ■•‘hotilii have a 

iniikiiuuiik cikvcr of 3 in. with 4 in. near n>rta'riii. 1i\'hcn:^ frcph water for tni^itig ip not 
nvaildtplc, sea water can be iiacd with a prol-Mihlc tO percent or pki ri'iiiiclioii in nlrength. 

3T4r2p tiTlO, ST4, &T0. mmi SfT|.|I fair a nEntolVi^ vi lam ami 

rEb tFi) lepiim 
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rEMSN'T AND CONTRETE 


In RDoU njnrrotp iht' mixing vfatcr hoM nnly a, linuli>d nunreru'u'jililr roniurt with itK'tftl 
fiiiKanv jicitj tlw‘ s?Ti-wAttr curttMciftn hiunril tu ht’ . VVb^'n ni'wsrtAri', 

WB whtLT ran Iw twwl suwi-wrully for mirblj^ tht< ranrrttj., whirh nhuiilij hr kep! fO«- 
tmuiiiL<ily w<-( lidrinj* thr ix'rifw!, mi her ihjin f]i'riiiit(p><j io U- iilTi<rniiii>ly mt nnrl dry. 
tliffvby prcmiiiinK rurmniiim in'!' t’CA 

Sugifi ISry ^iiuiir [r iwI" hnrnifiil Io hDriJip|K>4j (xppirfp'ti' pthd only n -HlillhE jvlyrl^p 
tfft-rt nmillpi from Hlt. rnfltr m tlitiR unil ilryiTif! with JiiRnr wiliitioru if iht’ >^iacfi-k- U 
()f jfiNNj qindiiy, iru'luiJing low Bbsorptinn, Ak II n iimix'dit ni nf rilBjitir roncn-U; BUjpif 
u aiLwt lumfiil, «s Jiitlr Ju I ji pi |w‘r sni'k of i<i-nu<ni pn^vniitini; hjiTflrninR allii|ii‘thi<r. 
Limited ti<|K]rti.d ti'stf have itiiliniiii] ft KiTvn^hi'iiiiii; of n liinj> tnnriiu' hy b rURaf adfli- 
lion bill fur ixirtlnnd-ri'inttnr. iiiuii)re>fl thcri' in n wry ipi'rioLin Wi>iiki>ninK bsntrfit 

(Mif ‘■[>idtTlivi' Bnd Htut'liff AfiKnjpite*"; also PCa Tieftl!«-t ST-ia', 

Oistnie: Manure md Other Farm Westss; Ttnnie Add. Wbrn prcsi nt in f hip pbiKtir 
mistuft' piBli-riHls nn- highly injiniuun, ri‘lanlms or mjilifyins tin- ImnirniiiR 

Artinn and euulribijtiniif to diniiiiturAiuin. Thrir i-defi on liafdrxHd eonenftc of RiHsi 
c|UBliiy u nlmr^t lll•]EllK■■>l<^ it in inBd^-inabiLy huwuver, to pLiru mamiri' or tiwn olij 
.'t raw .JiK-stiy on tu-wly pliuvti outirti-tc ne i# eunn-linien dirtto for tomFiumliirx' anil/cir 

rouinture nU'iiliuit. Tf surh covurinn ftj nrt ituu* t bo tjcnl prutuction t hat o. tinjiiumioftl] v 

jivailahie an tmfn-rvii.ui. layer nf tar papiT ur nitilvdent nhuulii bo inturptmd- Fn^h 
ronrrrti- in tn VArUtiiv mun* ffulij^t to Btlnrk thim that which in wi ll rund jnui mwtontd, 

Effioresceoee; Stains. AVrIof ptwrinu ihmiiRh imoHinry and drying Bt ihi' nurfant 
invariality IituvC'S thu dLnroInrinjt (iupimit of whjlt- BAll rryxtitfl known an l■IHorr?wl!a^ 
DiftL-e coniwtc pmtei'tod from wntur rirrulfttioji in Iht‘ bc»t provoniatiw. Tt'hi!.. ilw 
ralH-inm cArhonAte crywlAh arv prafticaliy in-sniubk- in wntor, the efflurtioTiuT id eiuiiiy 
reinoi™! liy a wa-di of l part bydnwblurir fniurLilip) nnd to 5 or !0 fiarlA of wafer, 
\\alls Khuuld he th->ron«hly welted bofun- the waeli in npplkd nmi ihotoughlv nashed 
imirndiatuiy thrreAfur. Tlie first trial nhonld be on an inTOUBpicuotl? netiion of llie 
wAil or other eurfac- fPCA fA-aibl .'tT-ti eoven efflort.nwnft.; .daiiw in ifttLerd are 
ccjvrri'ii hy i, 

Contact with Ferrous Metals, l^hi o. ia no riKnificanl rbemind h-Hction. adv-erw or 
olhcrtrjjv. between portlruui-rerneMt miatuna ami the ferroiui nn-talr, Under nirtain 
eohditioiiH B thill a4lhen>[ii layer of neat n^nn-nt pimte proei(li.‘)i an oarelk'tit prufcctive 
eatfare BKaiiLd rnmiHon. ami ae a lininji in a rastdi^tn pipe, a leiueni grout nduiee 
hydraulic frntioo ftn.l the fotmaiion of (dKitrueiive liihTeulie, fkrlAin favomhle 
pliyjiieai inlerarticiis mmlnni.d with I be biek of aiJvewe rliL niieal nlaliniwhiiJi noiio 
n^infofwil wmcn.Mi* (lomihltv 

Tn a moiid or oltww ironwee environment rermiij. nieihla are vulni-rabl.- to progn^ive 
rufliioK iliH- forniafion of iron osiiira of varioun w«npo*iti.,ii.Ml j,. tavern ihd are not 
HolTir,nj.lly Bdb^^ rent to protert t he nv tnl agairurt ever dwper [wnelrniion and evirjtunl 
ih,lm^|on. GiwdwiUfthly. w.n.plae..j eohnele Rupplii^ t>ompk-te ptolurtinn Againat 
The »m.- envelopitig eonrn-te through the eombinnfion of a-iherion, frir+inn, and 
lug aelion known an hofld eelAhliHJw-e the unity that Dnaidi-r ihe ivinen te to in»iiefer 
n rwile and eunitpnwuve sirain to ih,- Hli-el i^e .stnoigth If lin. taver of pn*- 

tertive eoneretu M infenor or too thin In pn^vr^il arnw of mowture ihe- will nwt. 
tn nistinK It rweiu, t lefeliy erackin# and f pal ling off niuftp of the protective layer. Tb.- 
del^oratiun of lemforei^l ronen-lo un-kr seve-te evfKMHim m^h m that of water 
tauten due initialiy to H^Mue one small Aha of iniKbpqiiatort<et prelection "SBltA;" 

AgainUfuicr eapuaun- to iiuemv. W the«u.eJ is much l..■ws reetstont ihaii theceneivle 
Ih*^ BtviA sitrb nifth rlmpptnn off nrpiJly far ti-mpi^rHt Ufi^ SOD^F, UltK A/liiJUiitJ 

eonerete cover, .^y J.B to S,tl in. (doiamciing U|am lyja- of member and the fin! hasanj 
uaiimedl Btwl CM eijfttimie to functinn tor «niriilen»}i|r perioda. 
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Ptioprrly roonliiiBlMl in llhnr h*peftiw ruhcllonr, rtnitri-U' Bn<l lln' formic nii‘Lsl« 

jM'rfcuTO HJimiriibly nikt\ tit- fm- frtpin mitw* of that alU'nti^m 

in thp rjwf^ nf h'ailaujt tisinfi-moiui mrEatif. 

CoDtace wTlIi Nouftntias MetJlJB. t'iipprr, Znir, .-l/ymfrrurrp^ ,Stn<'t i^nppcr 

ft nil IrAil ujv^fl for (U^hiiigTip niolinf;. arnJ nr dwfpbni«Fii*^ in Jtibt*. J-t-iyJ 

nlHf ftif nTlirvp^ i>f tantF or ^ht’Slthanfi. and tiucli^iu- ahiiddinic. 

Shwl lint (ir fKriU'pinpis«l) n-ntniFt siliii-l \w usT'ti for ili!wa*<pout5, 

ftiai <-av«i trinigh^. Aluminuni in omxI for iankri, pipolinttii, Tor ecnirn'lo 

Killing, pAnrlinK, anil ftindow and drinr fniitu^K \n many nf thos' flAlapla- 
(iorw ibi^ tni^Eal Lk rintiiNldiH] in niiiPFi'to, whdly or in jjart, «r Ei* in (‘ontart vnih it. 

t'^ppcf. (jraetiraily Enimuni-! in miL-ilip alkatii^, ccppi.aT is 111 tip hy 

iLmp nr ralMLioniH of nilcium hydrosirip and iji l ilt Ip flfTrr n'it Itv i-il hrr r-n^sh or harfjpiiwl 
rEjiiiTulp wki^lhur dry- or f^luratpii^ pro^idod IrarhiiiB cltic.» not hriEig chlnridps in dPfi- 
(art with tb- ChbridtK pan pri^iauii in niormli' cinJy ihrringtk tb’ nf an 

aiimi’duri^ havinR a cldoftrip Luiftr ^Siieh admiitim*? -•^IujuIlI avoidwl wlirrt^ enpiit r 
and ^jtrarndp an* to b' in nmlart ly if titey an' lu Imi I'xpstwtl id niPiiifrturp. 

Lrnd. [ci mntact with tonc'retp thp inni!*t ralcium hyditixldp ifrtv lliiU' 

inrldpntal to banlEmingi will romidp thp lead. Thb hapjwnifl only sfurirtg thp eijjing 
pi'ricHl and Ui not ierioiia if thi" Itwl w sufficiently thirk tci allnw^ for (he £iligh( ilepbEbn 
f\f rmfH* N^ction, that is ID tx- iu etmlact wiib ifn?t^n ecinrn^tp tt^ill last ^n^ pmtee(tNl 

by a prkiiEing oF pytpbaltp variiLdip pi I eh. or n wrapping nf jibe saturated with bituton'n. 
Cunnl iw tH^jtwn^-d runrn'(i' randy retieU wilb Wml If, howi'v^T, a nlrip of IrUil w but 
partialiy enilatided, aitli a port ion ej(pi>§4yl Xn (be air^ n form of elis’l rolypuM knowti ok 
ib^enmtiftl lUL^rmtinn ocenra whirb tuadi* to the gnulual ill^integraUun of uncoated etn- 
K'dderl Loatl. 

SrdutifUH iif i^u^^*tJe alkaUL'a sueli aK the cniriiim hydmside of gn'n’o mnrnne 
anil mortar will form a i^ipart rilnnirti( of caldmn Eineale which firmly laindH the line 
to the mnrnrte. The atlhL'nitil filfii u* thin and ptDteels the titideriying uirtnl from 
further uLiark. A e^>a(ing of Hnphnlt. vnriiitihH or piti'b will pn'vent the arlion^ hfiwever. 
Pt(tinK may neenr where the rtirnw'inil prrntncEt' fnmi enntart wrtih niuist Ultet^yHJfu-d 
foricnne an- n^mev-iHl by such fuel nr? a? rain or abraaioir. Unibr such eDtnlitinoa the 
melnl shoyhi b*' prckti'otiHl. lii ennlftct with diTi', jM'a-'Wini'^l eoncmle sine doiv eedE 
rofle- Fhir nr mmtgaiisi sheeEtf nf gaJvaniseil irr^n (nr other linc i shimld no! h' 

lesetl fur fonn lining finee I be eemen( lau-U- will ailhere, Ipaiing a roORb autfan' on the 
eonrri'le- Heavy’ pnlvaniEert abi^i'l \a Mljj^factory for paiv. trowel-i, and slump 

eones If alwayik washi-ij Iw'fDre tlie eolim-te IlrtriliTlK iUl them. 

xdfnmIlium. Caustic alkali, ibi^ rwlriLltrt hydrosifk^ rt'tiels to form raJeinin aliiniiiuiEi^ 
Aluminum in ntiaekt'il by rreah iinseasoiird eoiirnHP nson^ rapidly (han w ItMui or tmr. 
The eoirmdvi^ products are noniulhi'n'iil niid do not protect [he umlprlyiriK metal. 
Thi.il n^itkac rtu' a! tack progn'isiii eis and of el I Ilf r a IdiiitiT nr pif-forrninK iiaEuri'. ft will 
Ih^ miwi in dpfonni.fl ari'an wtien- ihn? melal ha^ tw.Yn bent* tw i-isti'ii, ur eold-w ork^d. 

Aluminum mixing pans are short-div^Mi -lhey lJpVf]l^p holn^. Whili' dry ^4l^ai+^>n^‘^^ mn- 
rJrtjt! dm's not eorrodi' aliiminuniH Ihi'ti' is uj«ually a |j«.is.dV!illty of wcurnTirL' rf the 
cDorrete wpl. In |fi‘PH’ral it is Well to pmteet coni act .turfaei^Sp tmeh ai* tbtMU" 

uF windovr fmmtTti, rts widl as pnilie*ldt‘d portaottH, liy a hituiniiuiiei paint, a-spludl, ear- 
nirb, or |ijleh, 

NfcDtKt Cneoii(js| t!|s.iimitttr mi''tals should not Ifc plawNl bi contael or vaabialdLal fn 
I'lorti'' proximity in m^^isl rtinen?ip unk'tw espiTii'ince has shown that no di^itriieEivp gnl- 
vimie ftclion will cpccur, 

High-aiumina cement coiirTi>i.e is more eM^Ktatit Iih siimp Ril.ifUan«« iban in |Hjrtland- 
riiment mnende (rw*r' ^'Alnmlna Omn'nr'), 

1 LuxUKEnI Ovality roOlAPiJl tVqictil Aiiorkalkiai EiteffctUfBv 
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By Mc(iuiaE 


IHTRODTTCTIOH 

Reinforwd eoner^tc Iw bwvnu* om* itu.' moet widely used mAtermlis df ctig^MffinK 
rdiv^lnicEion Ijecituw* of tht" ettw wUl* w hieh eonertite And ^fteei can be fabriented iiilu 
atnicturttl ineiukien*^ ulifixing tin* di'^flifBble atlHbule^ of both nmtc'rialB. Ctmerrlt i# 
H'oftk in tendon J eteel w v\i\ em! tubli.'! to cuJTtM^iciu. and to tempenitdow in e^Ciirj^ tif 800 "F. 
Tf attvl bars hto embeiJiti.^l propt^riy in the crcew ifle^tiofv* ttf FI<*xuJTal ihi'ihIh'iv, tike 5tetd 
can be madn^ to carry ihe tenaioni while the eonerete reawt* the eoraiitTermon on writ an 
pir(kU4r<iiii|^ the irti.'el nkirtiifldii and fin-" damage. MEj|>**3Ver^ la^eaiiAe of tbi*^ 

adhr^km tjelweeii mncrete and niwJ, mid bciezm&e of the iniMiThHiiieal interlock l)elwi.*'eii 
di?fiiTmiitLons on ttn^ uleel t>a«i and *tirrannd][ig conen^te, the condrete }iufiplh'« the 
grip or niiebonihgt'! rettuiretl to ennhki the steel to rcflisl teiedte roeceffi tsU'e! ia n!^ 
iiHtil Id reinforce concede cumpnwidvely in tijiumnp and near the rdiul^reawioti of 
sHiiiie bcanks, to n-did iJm- iltaRuiml tension iJint accompanspa ulieftf in la^aniij, to jserve 
a# lief Hiai spiral rciarorxx'iiM'nt in Cdlmtine^ and to minimise or distrihnte cracks which 
lend to form htT-aiift' rd tempi'ratun^ etmogt s or ehrinknm;^ in rnncrete. 

I n thh^CEHintry I hi- brat ronci^ttefl effort tolnifti ndikforcipd einicruto ae sti rngljteeriEkg 
material rtenis from iht? format ion of the finsi Joint Committee in 1130-L This coair 
mitlee was compcm^ of repruwritalivLi# <jf the A8 CEk ArfTM, AKFA (iben A A)^ 

and PCA (then AAPCM), J^tnartly thereaflcr thr^ N^atiotml Asw^cintion of C^nu^nt 
H'hich siilT^wcniit'nlly iM^caiue (hi^ American Cmen^te Institute^ wa*^ fornu‘<l. The 
en|riTnH''ring (levelopmi‘nt of roiiifurced wnen^tc in the Lhdtt?d i^tatea haf I teen piidiHi 
hkJiady by iIko first wnd ffxjhfie^uetil JiMnt C<»mrniEtee* and the ACf. In rertmt years 
the ACl has beenme prcdomiiiimt in the field and mewl of the cum’‘nt activity w gnidtsiL 
and inflnenmi by tliat Erotip. Other prnmlni'nt urguni&ations an^ ihi* Htdiiforw^l 
Gofien^te Researrii Comiell, which sponsor.^ a pent dcill tif reW.'ftTi’b, mul tfcu,' Portland 
Gcnn-iit Aswiciatiiin, wlikh dues n-search ami Imn publishiii a niiml^T of vnlmdile in- 
furiiuition hnlb'taiefl on eoiislruction ami ilcffipi proei'dun‘s 

In building or tiriLlge eoiisl ruction ihi^ lia«if elefmmts of amnerete slnietun? normalty 
fall into one of thnv categorlL^^ flexund nK'mberti Oa’Ains, idat», and eojnpri'#- 

sion mefiilwrs (eolumns. laiLring waJls)^ nr tia-robt^re iuhjcrt^'ii tn coinJiLOtal flesun- and 
dirc^el fltreiw. OrcustDru&l tension memberB khangers o^r tiifl) are U-W, hut in iIh'W the 
reinfom^meiil rarrit's tt!l ikn- Intwl atid Ehti conen-te Is nwlvly for protection of the eUvL 
The torvloim] uremLa'r or fthaft ia nr nta imporliuiee in ci]i3eri''ti’'^ although there are cmm 
where provision must be math' to reeiat the torsion in uuHyiniiWitrically lofuded benms. 
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RUlNrORCEl) CQr^CRlTE 


the f«rm uf a cuiicrete iftruetLin; Iult^ llM?efi iJeU-rmtncd, llic^ cJeji]}^ pnimlarp 

Lii: flJ to bn^ it ilianrn inm iiji eli-nh-fir^; (2) to EleTeroiim- the iiiirnuil thjuaiifl, 

AEid i^h4!Arpi by mnttJym? or timpiriml mEe#; atrI (3) to i^k'ct I In- profti*r iwirtioiirt nJid 
n uifijrei^iiKtnil to n.'swt the inUrrml At nil (rriliroJ of tbi^ atjiti- 

t^lSy imitit+'nnipittte of niont n<irifEirti-iil symslruelJoo nuti tbr- fort I hoi 

in >-uph jitnjeEnri*fi theill^tiibulupii of inlerEi&i ft>fn‘^tih^|JiTiEip< oei the p^lmeluni] 
rrniA!t-iMH-tko3i(U jiTi^R, of iTHTtm), it if fn^qiienlly ni'ei'wwtrv ton'jM'-al tbi' iinnly^fiji 

ami pron^dore two or niiirr timofl iintiJ satiBfaetory stollotiH have lit'i'ti obioim^- 

Ouf of thi- nictft ranwicm pmb1i*ini>^ in Tf-inforn^l f^nitrretc, AtiJ one lhal 
tlK^ ^Tiriety of furm^ □btaittablD, in ihi? Elfc^arEn qf n fUwr iyptem. Its itmiinitT, m 
Iranied to tecLatmcthm wburu atitl ^hafiee of j^taoilarEl iriie ami 

form muni the iluniRtu^r Llil^ much more eEjntrol over the form ami mio of the 

ninieiural ccmpi^fR’nln. Jii additiou, muiiv nmaJl rvf it^iuforciaJ rancreln f’h^■ 

nK-riit^? amJ eoswtructicnk iwceftitirlt'a rail compc'tv profltahly in thw nbin" plant ami 
iituipme-nt wta lue nol ho high iw (hey hfe m thi^ stwl Imiuiftry. Thk luu in 

the HilpvelopTTM'nt of a few more- or has ^tandHJij nu^tloKLH of ronm-tc flftor co-tiatnicIliQii 
ami nwny flptwtEl or pmprie(itr>' nu^thiaiji. The commonly used ^yslcma nod the hasic 
Fh'xural elomrinta of whkh Ifiey an* riiinpo«4 Can cLumifirti a» follown: 

1- thic-way Ti'infoitrlng ayatciiLM (the main npiiiforci^mciii in each atruetumJ element 
nl^L'^ in unc din;ctionb 

a. lx*am.-nniJ-girJcr flooni. 

6. flnc-wny nhixd flp>i:irF; concrclc jojnlM with ntccl-pun, clay, ur wncrctcNtilc fiJlcrs, 
Cr Steebjoi^t flnomi (pommonly (iscd wi(h ntwl framca]. 
dr Pna^iij^t-cfinrri'tc floor flyist(*nkn. 

(1) rnicaj^t nlab nr deek. 

(2) Pri'CAHt boaiTu^ nnd 

c. Oitu^rclc nlrtb nfiEkfdrcnJ ^nth light-pige ptcci kfindc. 

2. TwLvwjiy n*inforcing aysEemn (the twon n'inforctiiiwiiit In at least one atruttuml eln- 
im'iU ru-ns in two dirertions). 
m Twis-aay w>]k| jatBikS with b(?flm iUpiiOrta. 

b. Two-way rilibt'tl f<lalaE with tflc <«■ nlcckpan fillers and PUpprprtF. 

C. h^at-alab floofS- 

la. Sdid-slab Baam-and-girder Fimsr. A SKilid-sWi, fk^ftm-and-girricr floor com^istF 
t»f H H'd(« uf parallpl IjMftirui cu|)i.hrt<?d al thnir Litti-miiips by Ktrdi'r* whiih in turn 
franuj int« (Si^ncrfU' mluiunn pluenil lit tniiri.' nr Icnn r'KnUu- itil.rvaLi ovir tlu" ^■n^in> 
floor ann. Thb fmiih'Work i» cicivwijit liy n (jin.'-uny miJorn-d eoiif<n>U' yliili, tbi- Iuhi] 
from which w rrwmitiii:! (im to thn* N'lim# and tfvoniM' lo th,- Kinli-ra juid colunuui. 
Tin- tu'ftnift #n* uKunlly fo ihu! (hi‘.v cotrir at the Riiil-pnintf, Bi till' third jxiints. 

nr Bt the qaiirii r [winlB of th-.- pnlcts, b« i-hnwil In Hif 38, The BmitiKi ment of iBiiliiii 
OJul FpBdnit of eotumrifl Fhanld U- di-lcrmtnwl by t*«irioiujeal nud imirtiral poruiitlirni' 
llfjftF, TImw will ix- aETcrtcd by the uve to which Ik- huihiinjt is [11 pjt, thi> !4?f and 
chap, nf iIh’ J(rt>IITIil an?a, ntid ihi' Joibil which rilU!4t be rwritid. An (he kIbIm, liciuiij), 
and Bimji'r!* an- built tnonolitidrally, the fwanu Mild ifitiliTii jim- dcfifjii.d ax T bosms 
MJid tulvMiitiiw' bi taken of Hifttimiity. One-way iwiid n'inforcvd conen-te aluba an- 
hIwi uitcd tiviT I hr ■‘fct'l beanw of n Flcid-frami; buildlntt. 

bkTttu-aii.J-itir.icr flooni, aa ik-y lift* tuiially calliTl. an- mlaptci (o any luailm and lo 
unv *Tn»fl* ihal nduht W .-tiruunti'rcd in orflimiry bijildiiiK ctiUBlnieiion’ TJ.,- nortna! 
maximum »ptearl in iiv.-|oiul valmw b from 40 todOO lb jxr p«| ft, ami ik- nurnuU range 
ill nduEiirk ^joirikiit hi fnpm Ifi to 32 fu 

III nfMTIlMl kum-Bnd-Kinl.'r roustnjrlion the depth of a JuTim will be about Iwin- itjr 
fllcm width- for light loads, howio’cr. it may ki .'rontiniical to umii iIh‘ intertnETiiaU. 


IXTRO|>U<1T10\' 




iitiici tii'f'p girdi'ni radrtly and ia bavt> thr lint'-wtty FUpp<»rliHl 

by ttVuillow' is^hiirh nw on ihr f'lalumii \ia^ mni whii?b fnucu? diMtly 

iriio the roltuniw. Tb' wiiiti k^-p th^? effect ivr* span of tlie ^hh from U eOMing 

eatowvive, tJie iiumlx^r of fmiuiitg nwml5cn= tcny rcdurwi, and, 

most Imporliiiid shallow lumm permU a n^duct™ in tbo riii'pfall heigbl of thi? bnitdiiig. 
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Section 


Sactian 


Flo. :t&. tVlMiLiiiccif bewoi'rtikiiHliTdi?rflOiiffi- 


Thb iyjw of rnuniriK ie null^l sUb-hnmi oansimelhin. h haj* bivn ii!»ed of ton in imiUi- 
Ftoty apart nv’ni nriii bnildinfl?. 1 n Fi g. are ^ihown cumpeinU ive t ions tbroiigh 

a eonvniitionia niid slnli-liaiid type of flwr stnti as inighi Ik uyeci in a wing of no apart- 
iikjiit building. 



FtO. Seettonn Mnvplit innal fiJrd *labtwunl Swirs. 


lb- One-way Ribbed Floora. A riblxHi ff^s-r tHnrwstn t^f a rt-riea of Mmall, eluw^ 
t'paci'^l T>.'iEifMnti‘Kl roiiifH'^te T iMrama fraiuiTiK dito licfiims or jprrler^ w hiili In I uni rmiiH" 
inlo tb- ^-iiprHirtinK i ohnnnfi. The T iH-anw (eji3]i-<l Jnisis <»r ritwi are foma.^! by plaeing 
fowa of aili-rta in what wimFI ollfcrw tn^ bc^ a soiid pinli. Tin- ailein may Ih^ jija elai stwl 
jHiiiH, Ikidlow eSny-tiJe cip liuhE weight foiien^ie-tiJe bloeks, or orcliniuy wood fonus. Ti»^ 
(dnfen* whirh sup|>ort the jtiusts an* imoally built a-^ n^^Ear T b^aoM. 

Sinn- the strength of oLUieR^le in teiuiiioi b <nnnll, atui is eoirnnuiiily neglected in de¬ 
sign, pIj tiiioation ^^f nitjph fjf the tensien eoncin'ti' in u slab by tin' iitM^ filli-ra tt^lb 
in a saving i:if weight with litfk mltermlioti in tiip slnnMural rhamMeri^lics of the sMk. 































7-104 


REINTOKCED CONCRETE 


Ribbed fkicir& ait- erdnamlimi fdr buildinipi mjcb hpartmfiTit bouM'#. buteU, bii 4 bunpi^ 
UUn, wbi'iiT tbi^ liw bwda wn fiUrly Jinuilil pmcl ibn apanti mmpAmtiv^ly kiiiit- They aJtj 
ni>t fullftblo fot- fchmvy ctinjtrtieE.iuti Mirh an in wnn'-houw^, pnnliuit plAiita, and ki^vy 
mAnufaetmiri^ buitdini^. 



FlS. 40. Ribbod fllKKr with nlwl tlteeu 


FiKUfe 40 U a cutaway view of a typical ribbed flihpr with aU^\ tilea ^homng tht? 
woodoEL formwark which nuppoft* tbc tik« liMrinjc ijiLJnFt rucliyn, ihii irinfonwnwni-, and 
the Dfliftal tatb which ta huicwliinjaf Lisi*d to support (he pliutk^jTcj ffl’ibng few ihe room 
ladtpw'. The lilt# m* abowEi in the ^urv afv diswijiiuHl to rcmjdrL m pfac^ m part of the 
compLeU-d utfyetuft?. It U morv eucafoou to n^t rt^movablo tilttfl which ctm be mu'tiHl 
many lirm^ arid Ihu# n?cluM^ the coat of forniworli- The Hlab alnivu lln;i corra h wmolly 

2 in. nr mctrr tbirk. The girders which nippjrt th*‘ joists art n.-etiuimilar or T beamp» 
with A maximum tUoRi- thiekm^ I'fiual lo the total flow thickiicj»», m shown In Flgr 4to, 
Tjle pieces which are tajwrei.1 In d^pth are al^o avaihihk^ The24L> tJlim are Eisnafly ahout 

3 b- hm In di-pth at one? end ihan al the other, that, if one hf^th of aueh tile is luied 
at mch end of imch raw^ a iUb from 5 to D in. thick nt the €si^ of llii? Kinlur ia nhifunecl 
aa nhoa^n in Fitf. 4lh This thick nw Is often siifflcii'nl tci fumb^h an adequate ftange 
for the girder. 


*!■ >*■ - .^V-ry-.:‘^ 


J ' 


Skiter--' 





FrOi. 4U DetaiLs nf airttrrii for ribl'^ flooFi 

tliptfr -42 jiliiiwR A littbe*! floor in which nlmclura! clAv-iilc blocks wt uwd aa fllloni. 
Th.- hlnck» An< uhuaII^ 12 in. AqitAn* amJ cah lie obtaiticii in ih[ekhe«es vnryinR from 3 
til 12 in. Other rim* da well u. Apr-daily fortm-U bkicloi nn; doo auuiurAtitiired for lue 
Ad form Hlloiv. The ushaI rlear dietiuin bctw«n rown is 4 in., thiu nmkinE the cwnlrr- 
lo-rctilcr fUftAnre 16 in. ConfPrtc Li plneed so a* to lill the spaw bctwin-ii the tiles 
Amt tu MVrt them to n itepth of 2 or 2t^ in. Thi- resultiDit coiutnicliiMi CDiwiiitii of n 
Aerie* of omen te T heime, or joiirt*, with tile fillen umier the slab in the spACea betwei-n 
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tb? Btcmn cf ibf iDifft-i. Thi' ji.MvLrt ri^mn inlOv nnd ^tv tbi? ^tndcrm, piJkI 

En turn nJ^' !^up|^o^tf^cl hy thi; pditunuis- Tin* iHi? filluri rcmAin in pincse, 

AnrhiiTf^ to thi' ccmrn'te by the projections on tbe flurfajci* of iht^ tiUm. Tlit^ t'nliTP 

ftiiUn^ is iiijqmliy pb^tfirucL The uC 

reinroreemeEiii h* nimilof tu tlml uwd in ribbed 
^MK u'itb #ti.c]-peJi 

HciJioii' conen-le^tile iceoie in mitny Hhapic 
ikfitl mivf. tbe mintl cnmtwiti bi-ing S in. by ICi in. 
in p lun wiih depths of 4^ 6, or 8 iu- They ore ubu- 
nlly uiiule wilb jxjrtlftnd cement and a Eli^hlweiiht 
agj^T+'^^tt' of rinderis, sla^ bimied chi.yi or tojnend- 
ijfed sub^toiice. CoTreTt!U*-lllc fillers are 

imni in the same ffl&nuer as tluy-tile fillers in fliKir 
const niction+ 

It Steel-joist Floor*. A steel-jotst floor conjoirtB 
of D serieti of clwly nphced^ paralU'l, ebaltow joists 
or trtntseft of the Pratt, Warren, or diHihlo-lVamm 


Ftn, 4li. IJet aik of a otn^nrny tile floor, Fio. 43. Tyj.iirflJ nteel j olmt. 

typo, mppcirted at the ondf on steel or roncrelo beams, or on maioruy walli^ and 
with a thin eonerele sliih. 

A common tyjw of ntetil jiwfft is shown in FtR- 43. Tht? t.nnw b oompneed of aniftle 
chords and a ronUmious bar w'cb, awi-mhled hy the lngh-pn.*«uji:\' ehciric weldini; 
methnd. Joipts are maniif art lift'd in dcplJis of S io JG in. and with span* fn^ni 4 to 3^ fr 
flonEiT ?pan and dw-per primarily for ™ts, are also availidjlel. The joiats arts 



Fio, 44- 8loel joist, floor cotwtmclioin 


spaced rrom 12 to ^ In. on centers, depiMiilinK on the load and ami are rovered 
with a tO' 3-iTi- conrftto slab poured on metal r£b lath which rest* orip and i* fastened 
tOp ihe upper surfaces of the joints as shown in Fik. 44. The fl^re also shows the bridi;^ 
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RBrNFORCEl> COXf’KETE 


in^ Ut hran? tbi^ ImnU lrttC‘ni]l>" iiikri ihi’ fon5ir«ctipn of a 

Wkow. Ttn- mncTPti^ iiSiih whtch jvflt* oil iht' jowm lu-K^ afl a oivj^way aIhIi H|iciLiiiih}( 
bolwttn jfipsLK. Tile iHitftl ri1> Liilli on wliirb it Ip plariHf nj!i furntwork for the 

roncTolp aoil rT^infonLViiK'nl for liw* hanli-^nwl Hliiii. AiliJiiioiial win'-Tiii‘:!‘^Ii mriforn’- 
Itit lfcl iff fn'fiilL'rtlly iWL'd, J!t50oi an* oL^unom^ral for W^^hi urfrupunri^^, hilt 

l1it-y tiisiiiijlhhlt for hmvy or vihratioK liHwi't. 

l(h Piecaat-coDcrete Floor Systems. A Kjoat miiumit of work Suw Imvo on the 
dc^Tloptnetil of im^^jipl-oonoFt'io iLrutituml hjiUh in rm^ril yi-sa^. TTii^ two K-pt^i of 
umtJK huifiiifttrtuo^J art* the jouft jFiK. 45) and the i^Lttb or dock (Fiij. 40;. 



F[u. 45. Crou HctiiDa# u/ typical pracant raoirrrlc joLfta. 



■ -Z?f 

Flil. 40. Typical di«ok-ty|H preoiiat unit. 


Thm^ iinitft an* tiPctl in & varioty of wiij-^t niioli sa fur roof dork? on HlovI buiJd- 

injp, nr oa pfwajft Ix-aiiJB tiiip|M>rLiaR ciut-iri-pliictt or pnH?Mt elalM. Thoy 
by NULiiilAnl foiiifortt!tl rojicrolif ihoory. Tfk- princ-ipn] ji 4 Jvai]Eiif;i*i claimed for preojwt 
roomlion* im- ihewt- of i^iikrdixatiiin atiEl vns^ poxIcic-Eirin: close control over ikKiicn 
njitl manufftpttwi?, mPliipk n-w of formwork, oliiniimtloti of DXpc^£L>nyf- fin-tho-jolk forni?, 
and BptHid of Dft olioii of tlii> Hlnioturc. Ri^Fi^n^mv 8 conmiiij, utanciard? for po i jisl 
floor ijnitp. 

Mi»t pn-coi^t i*|i'mental in- diniiiiiN for n‘tiiliv{<^y light lIcKir Itmilibg nr for iwxf loiuli, 
Becviilly, huwtiwiT, hcftuy prMthtvki'd, pn tfwt flt»r Ih umi, «in<j jprdi'iB !»%■(■ ix-tm u«h 1 
b indturtruil Utrurlunw. 

1b. StEcl-deck FtrHifs With Comcnte SUb. Cnoxidi'nibh! use hit» bi> h mnri<> of light- 
gaRi! rtOTjt dKfk eoviMVit with a conrriitf ^IaIi fur in ntcid ffAiw- nffim- nntl nimrtutiftl 
butldinKit. Tw<i «XAinph.« tpf ihU tj-pe of roiwlnirlion tibowti in Fig. 17, Thi' ihi'k 
ui formwork for thi- fiwti cuncivU' And rvinfom monl for t hr lunlrnrd KUh. FlRUiif 
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^ 7 fi ihi' kyiiifl of & conuifatrHj ift45di ihxk numufarmrud by Ihp Ornnwa Slisil 

Pnufudu TnutxVfnh' win*# wt-ldc^ to thp ridjBc^ ciF tbr shtet provifh? bufld 

tJip jihivt AJid tbci fDiinwt* alflb, u WL'lt &j) wrvmj5 hj * MhrirLkitKr And tpmpeniluiT! 
frinfirtTt’tni^tit for tbo iflob, Tbc^ coiTii|falpfJ rttorl Hh(wt wrv^ 14* p«t*itLivr mnforppmcnti 



Fid, ^170, PlBcuii ^>maeftted Iibwrt (CcifftT iwinel) rainfapciDK for flow *hhr 



Fia. 47?J. with tU-ek rpinforrmA. Sirrt rn.) 


fnr till- Mf mild <iriti[uiry ibiiirini'd tiaiw art- ftir m.ntitivf T^Jifoiwmcnt over llii- 
Fnjiport?*, ThrN' ATP ImJly otic'Wmy nsniiftw'n^il ■!mli^, TIi*^ fh kf ad vunrimi-ii pitu nu^L 

fur ihi* of i^jn*t nir^ lori qn^ tilut it i?) fa*! fttid ttjji! It pllTllifial^'# fiiriuwork, 

2a, Two-way Sotid Slabs with Bpeliq Supportft^ ^Srdid conm'li* wlahj wlijch an; siquan^ 
or riiwly i«niarp in plan, anJ whi^h aiv anpraiTtpd by lasniTK'tp or strcl b^^ani* or mn^oTiTyT 
walin uq ail four should lit rciafotciil in iwo din-ftiunji io tnmamil tW rotal 
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lout! to a]] four iklj'at. tliMitu rtf thin typp BUT Bfuitablp fnr inb^mki^liatr Jiiiij hrnvy 
nn up to aImiuI 30 Ft, lln' mnjp* oF wim.'^ppinjin |5 jC-'Ui'mlly to ilml of 

f!Rt fllnbt", Thf Icittor tyf! oFtrn pn-fcm'd heimupp of the romplcte f-lintitutiun «F FM<jinuf. 
The twciJ^wiiy rfLab^ eh DHunlly bjwH on ompdri^ftHy delermlrii^l mopui-nlji tmd 

flliiw?. Thk-^ EiiUinlhii^ Luvi' wshiai Iheudu in Ibt^ elftniif ttu^ry of but tlM-y have 

bwn mudtStwl to hfcount for the fart, that U'^Ik on show that tlujif acLuaI 
utn'nuth h greater than that whith HhifuU obtain from tbecreiicikl eompulivtionip. While 
tbi!- twofis for the dkfTEirendt' ati^ koown qimlitativelx^ It 18 liiffirult lu ohE 4 un quantita^ 
live e^pn^oiifl ivhifh n’ould fH^rtcLkt a cEimpkMely ilpwrettral nppruBcK. 

2h, Two-way Ribbed Slaba with Tilft or Stoebpan Ftllefi Aa in one-way riab syptottu, 
the dtwd weight of two-wuy can Ik ruducod counEferably by tho use of fiJTop blocks 
of b^itwin^ht cuncrele or by using rnmovable steel-pan forms whirh art squart in pkn 
itnd impart a waffttUkc ap]itwrBhcu to the undenniJt- of tJll^ rlub, A typiral iilujitratian 
is abown in Fig. f8. In ibt illuHinilinii the supporting bmuns rw ^tt*3^ but eonrn^te 


FkO- 4fi. Two-wBOf s^ab tiHiELK block fi I tern (krpubllt 5!|nghlnk)« 

hoam-H ntid ctilumiH nm be tieod juat wi ^e\L A cftiR-n-U? alii, (.r fojipiQj? nmv be pouwl 
*iver Uii; blsrka. yioort of ihi# typp may be drajgnpd ju. ortlbiiirv iwo-wuy 'Blahii. U ia 
(iauflll> nt^twoiy' IQ make a rihlml nlab aamewhat tJii.rfcff (hnn n eompiinihlf. wlid 
aUb but an uvtrnll ■tvr'ight [^ving can be acciimpliahi!!!. 

He. Flat-glab Ftoor^ A ftin-^bb floor conaldts of a retiiformi cuocn?tc w>lid or Hblw^ 
♦tab BU|ifW>rM diresily oti ronriele roluimiB wit.lifwi the oid of or ifLnJpf* Ttu 

tniii^uiuii betwEHjn the eliib and the mIui.ui U uxiially nmde ihrouBh ihiekwied tKulio.us 
of the slab called drop panel# and enlunH N-etuMU hi the lop* of cduinns called cjipitats 
(eee Fig, -JU), Jn Henernl, Hht'alab const rue lion i* minoiuienl for live loaiht of 100 lb 
pr aq ft or more titid fw sptns up to about ») fi. For lijihler luml*, wch as nnt uwd it. 
apirtnii.nl hwws. bolels, awd oflire liuildinKH, wHue other form of ribhed-floor rtni- 
hlTucUoh will inrmHy U- chraper Hut., a ftal^Lnb (ioar, alih.WKb in rerent year* flat 
hlahH have Ixctt tiwd cconoiiucally fur a wide tanite of Irjj.dini;. Allhnuijh liaBwlViH.rallv 

on plate theory, the deelftn u h.rBtly ompirli'jd ui.d is ircated in consiJcmblc di tail in 
most rwlw. 

frucrr^ftil in a numlari of nppUcations, One type, 
the Gnd Sj-stem, u«., removable domi-sh»p<d steel pat.* which form ronetwle HImi 





FiQh 49. Grid fl;h-Eb«m buiMuiK, 



FtO.^- Flat-pJate npiMimEnt bulldilliti 
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m twE3 {|iri<<<tiEiiiA (w Fijc. Thi' promlurp Tor Um type, floor 

in the wim? that for the Drdinfii^' Hjvt fish. Th*' ssiw? type of fnmi may ftb»o ho ii^rd 
Tor riblMHl twi>way ulatw, 

(lofKrft - Hfit ^Ia^m uilh ilmp pEi,!ib-l!« fijlurnfi umiIt^-iJ —liiiv«? h^i\ 

ikvelop^ni In year^ for use in iHnlitinK)^ w-Rh n'ljtrlvrly light loiirliiij^. Thv 

gj|nh \a iuniply a pinte of uniform thiekiiesw liupporlMi ^llreefly by the i-iKlijriirLs. nii- 
only hmnw wseil m iiiiis type of i'lmnlnietirin nre tIum*- til thi* exli^Hor wnllii and urpiutnl 
Ijirne opimioip m ibe slab- TliEn nn example of wtiicli b aIidwu iti Fjk- M, 

provi*!! vpiy aiifN^ewsful irt n number of aparlmcDt-liouH.- projei-t#. DuTtiipi prn^'dufv 
ifl nimilar to that for ordinary flat tilaf*, hut the bek of eapilnb uudflmp pani^b ur>d the 
of Uiin skbrt fTHiuin^ that jpeeml aitention Ito Kivi^n to iiiaiiy of i\w iioLailii of itrmlyHMp 
iii]d ranAf.runtinii. 

CUJUmUT STATUS OF REINFORCED COKCRETE DESIGN 

At thn preaonl tlim* ihorv im* in aw two clw*tine't metfioikfor tara|]orliuiiiEk|E; ndnfotwd 
cuniTrifte ikft tioru*; tho rlnJlio (nr Atnujcht-line) theory^ cimJ tlu^ |da.itir (or ullinmU^ 
aitretLicth) thectty^ In iho firat oiMtliod It is 4ni^unieil tfint both conrrete and jiiLt.'l nn? 
pt^rfwdy tliwtir mntortahi. LhuK^ on thpec oA^imption^, formuiika fnr prudietiii^ £trei^^ 
are ikvelrjpeph The U made m that, anibr workiikR louda, the £:otiipuled 

from ihiw formuliu^ do nut exceed the altowaibli^ far tia* tiiati^djita. In the tatter 

lurth&J it i# ret-o^rkiml that eonenete b not a truly elfwtte mateiinl. Foriiiulnik w hit h 
pmiiet the ultinmie HTn^aglh of conctirrte memhern arc upi^d. It “w in developiaiE 

sueh foriTuilsui to n?!y heavily on empihral evjilenei^ and I'^jimbumtion. Thr de^lf^n if 
math^ w that, uikder workiiiifs lotidu timew appropriate load fneldrw, thi^ ultimate Atreni^h 
of thff members will not be excefsled. 

ALihoii}c3i the ulUmjkit^RtnokiCth di-wi^ roompt \» at \ea^t um ok| tht Htmi^ht-lioe 
th«M>iy. ilw latter hjo* lieen mmt widely ujM,*d in (htw country. P^ewnl-day rodes are 
on wimip^lit-lior prindplea pKoi^pt^ uauakly^ b the of minmnw and eooipn^ 

don reiiifanH^I tseama where ultimaa^wtrengtli rOfLdderatiaiuk nre n^rnitnized. 
thii^ fituiitiori will prohabty nbtain for 5ome time to eome. Kit'uter elriptuLWiH will be 
plartNi on the ^iraijtht-Une iheory in thw tvxt. Honevib'r, it w umvL^ry lo iin lode also 
mme toi^atment of u]Eimole>wtrenK;Lh miUiioila #uire they are eunuiiK into ittesaer 
wn fhpy an* devi-loM tind perfeeted. The pn'seiLl ACl Code tAC^J 3l^^6d), alihoijKh 
prinwrily ao I'la^tii^iheHuy' rrHie, diww contain, for the first lime io any widely upod 
Ainerii-an eode, provMmu for desS^^ii hy ultimate sln.^tkirtli an shown in the ftillowin^ 
eXtraeL (}M.¥llon liUlnlwrw refer to ACl 319-i'iG, lief, H). 

" GOl—Dest^ methods 

' (n) Tlie dewiEo of leinforet-d eoncrete meintHTw shall be maile with reffn-oia* to 
idlowabU* working loacb, and Ihe accepted slmightfim! theory of flexun^ exrepl 

OA pemiittciL by Section (^l[b). to dt^terminiiig the ratio u for design ihit^kkra, thr 
oitMluluA ikT clartlriiy for the eonen-te phall be aArtimed nw RXW/,', and that for sUvl 
n^ 3O.WXJ.0C0 It is afflumnd that the atepl takPA nil th.^ lension strewea in flexuR' 
eomputAtions, 

"tb) The ultlmjhi^^ strength iiiFitbod of 6en\gn may UAed for Dm design dT reinforced 
ennerrte meniljerw," 

Allowable Stre«ses. The fallow itiR nolntion Iiela become Jitamianf and will be ujhsI 
Unv^uichnul thin text: 

Jt ” iHjoipreajqve uidl Bitvia in t'xlrpjne filler nfennercte in itesurt^ 

// = <- 0 ttipreB«ivi> «rsijj{th .rf toiu‘»U' ni UBP of 28 duy. unW otli.-rnfau 

/r “ t<itii|itTRMV(* unit ittrtm ii:. lln* ffipijil mrp nf b rtiinpotiiti< ralunui. 
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w tiHuile unit mtrtiaH in longitwllnul r«ii)l<Hvnnent; notninnl nlla« abli> utTraD in 
vurtioA^ column 

/p • iiTiit fltn'iw iii wrib rfonfQrrciOTttt. 

n ■ ralki of moiJuiiiJ* * of fltwl to llutt of eorvcret^. 

y • honil iscr iinil of nn^a cif bar, 

IF u ishranrip' ojiit 

tinit Ftrrfw prnustlMJ nn ihf winrrT?to, 

Alluwdblp vaiy from codo to i>ode, but It hw b«?n dbi^rvod that most huiyinie 

i'inip rommittcwi follow—iwmT or luU^r—the leod of the AOL For thlR and 

jfinri* the AC I Code fcprt'wnUi the modi u|j-lo-<liite pnietiect iho relnting to 

ahimiible j^lrt'wps m ACl (HwF 11) nro rppToduml belo^^. the ACl 

Cotie *^ill be n-fermi to frotiuently, ibv ?*Etian fmnitieriiig thiTn?m will t**? rctAim'd. 


Table S06(aK-AlJowab!t Unit Stressed in Cooct^te 


£WrriE>doq 


Fl£>xurF: /r 

fiber itxttm ip 

^ 

Extreme fiber #tfTP*i b ten- 

*U>fl in i>lBm eonerele 

iwtkaiia...- ■ 

:^ear] f a mrwure dliia- 

Tiiiiil Gnubne) 

ll«iiiii» with im web mw- 
tfHTeinelll , - , > - > - < 

llePPPi- wi|b latiiCitmiiiLxi 
tiiPlx ifrii with nthrr *ldf- 
nip* nr |(irt>fp*riy 
biiint honi.... . 

Be*m* wkib IqMi^iuaijkAE 
hunt mnd M n^MibiniPlhun 
fff ^Lmiin *1*4 bent brnm 
4i3h leitcr b«nl up huii- 
Ahiy tij rarry n1 kt**l 
O.CH//J.. . 

r ... - 

1 For flAH. ilitpp. IH>(» ClMEKlnr 

lOi 

Bond: M , ^ . 

LMottunl bars {■* defined 
in lOil 

Toe* Iwm t ■ - -,.;«■ 

In twu-WlA):' fMVtUip |rt- 
pftit tnri bnrp — T.— - 

AJI DElki!»ri ......... 

PUuB beni defined Ln #eo- 

tinn IU4J- traiiMt he 
tmvkedi 


Top hare.. • h -. . . 

1ft Hfii-way fcMlirUA <«- 
H>e|jl lQ|i |i«riU.i.--.-^ ‘ 
AU uihm . r.+ . 

1 kwriii 4 > f* 

thi EpU arMi — I P 

Ou dne-third art* uF Irm | , 


ft 


ft 

u 


/i 

/* 


AHflwwtil*' ftnit 


Four Ofty 
■IrenirUi of 
eiHirrrtr In 
WPrtwdiUitw 

will] Hvrtiioii 
303 

30.UIJI1 

ft * ———■ 
// 

Mft^i- 

itmfti 

■minis. 

iwi 

Fur xiTwiutli of rtsnrrntr 
nliQWti behrw 

A “ 

2000 

pfll 

• 15 

// - 

ft - V2 

// - 

3000 

ft - m 

A"- 

3TM 

n IK g. 

A* " 
AOQO 

n * fi 

0.1 AA' 


900 

11:35 

IS30 

IlS^ 

^250 

OMA' 


00 

75 

W 

113 

150 

OjffiJA' 

HI 

m 

75 

00 

tWi 

UO 

u.w/ 

LTiU 

lUD 

3D0 

710 

zw 

i!4D 


.300 

Z4C 1 

500 

3dU 

300 

3150 

Qm/ 

73 

fiO 

7& 

75 

75 

75 

tjM/r* 


MO 

175 

21D 

215 

145i 

O-Wr"* 

12^ 

lOU 

JDU 

LMO 

280 

280 

nm/ 

3.IU 


2.30 

dna 

350 

350 

u.oi// 

1(15 


75 

w 

105 

105 

OtfWA' 

ILJfi 

7^ 

Wl 

ipa 

m 

, 120 



00 

lO 

135 

li^iO 

1511 

0^5A' 



fi25 

™ 

U3fl 

1250 

0,373// 


730 

930 

, tl75 

M05 

lE}7i 


t boiiwwitjd imtm W* idflired Ih*! tSMtrP Eli^ 1^ in. uf iSiflCtetr ll CMMl 

tonly wkten lire twit dlitph™ brineen Ibe riij^ vf lift* li^diftd •mi Ub- 

. r^f tbn E-rellei^din^-^P nf lire TbeaUj^Wabt 

Ipearibt lira UD ■ Hrejsmixljly .?ft^iLric ortW iMilw Ibwa Xmi Jap* UIWB tire Eidl are» ilinU Ln 

iiL|Kni>liih4 Iretwreb lift* vkliu* «ivm 
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llCriXPORCElD CON'CHRTE 


'*S06—Ajtgwabifi lutie str«S5g8 la coacrgte 

"(rt) TIvo unit (itn>»»c*i In pouitilx |»it !K|iuin> fumJi un rnni'rc'li^ to he uw^i TThfa draiicnii 
fi» ni fltror.l4.iif,- with Sectk... t)0|(ii) „k,j| ml tl.n vitlu.-. of TaW,- SO.If.,) 

whm-/, r<lii4jB thr n,it..t..um *|M.H-ifi4-,| comproAiivt. Htnnjitli at SS.Ijxj b. otM thtt-arliHr 

at. whirh uici mnrri'ti' bf r-sipeeltxl lo rw't^lvp it? full Imid, 

“ 306~^ALI&wablc nmi stresscR in leinforcameDl 

olLcrwi* provkie.! i„ thi* eodc. far ranmi,. n-infom-meiil «h 4 dl not br 

■HLrasH^I in L*XW3« of llif Tnllowbie 
"(a) TrUiimi 

(Jt ^ U-iMile unit fltrr«8 in lunjdtuclitittl n^iiiXdn-i^nicnl) 
fl-iid iff = nil]'I tflAw ii; wo'b TF]nr'0ii.''t5iTM‘[it) 

20fl00 riri for niiMwJ eotim-tc nrinforrinii twn-, hillp(.^itw3 eonrtrtr rrinforrina 
tan- uf mtrmH-dmte flod hanl ror.tr^tg mhforrinR la™ of 

inll-rtiudii.t4- Uhrt hflni RrHtlw, b,kJ TOld^niwil .iti-rl win, for pohon-ln reiliforrr- 

meul. 

iLwi for bl1le!Ut<i^l roorrot^ n?lnfortkiE h&tv of j^lnicluml etmff', nnd jsxle- 
jftee] i^LKinrote n'lnforcinK bans of juniL'tuiml 
TtUMtm 10 of n/A hurtr thnn gp^n 

^ (/i * t^nrik" iifhit in inmn n'inforoeoitiit) 

of ** in .liwnftor, in oflL-way «laL#. 50 fK-rwnt 

TpI^L W 7""^ r ’T"" of the Airtri^n ftoclrlv for 

™ K “■ '>■“—«■■« >»< I" i-» 

“(c) i'trmjtremtm. vertital iolutuH reiuftfrctnteni 

(/. “ nominal nliowatili. »tn«» in vert if al mlunu, ninforn-numt) 

xJZL^ yi-fd paint ..piTifiwJ in th,. i^ifieatiomi of the 

AiHiTtrsm iw-ifty for Tialinis Miiterifll, fev the fmrtifuJar kind and jfTBde uf Ix-infam.- 
nw-nt u*Mj. but it. no euM, to exeecd 30.00Q ]wi n iniom. 

C^l iruii eoctiofl? _____ - I0,00ri pt^i 

4Stind .. . ' * V -I li* /' ' 

-W . ^-l.™utlo„»of Secnoii JiOOib) 

"For rompn^ion n:inforn ,n„,t in Ih-xurai ioorahtn. mn.- 706tb)." 

..(P*T 7^**** '‘W'y "b< n ,«[ivti.tjt,na1 KtrwRht-Iine thcorv i» iu«| Wllb 

ultiumto rtiwRn. fl dtlTrrent nppffNieh i« hv^ui^d. a;- >l..>wn Inter ' 

Reiafarcement. ACJ 31«dit) .tat« that reitiforearmini rhall k « follow,: 

McIaJ rduforc^mfiiic 

^ confumi to the rwiMfrpnu ntj, of "Plpt-cifientian, for Bilht- 

Slwl Iittn> for Ooirtirtp Ki<inforct'im<nt" f \ST\I 41 ^ 1 . "si_ik „ V 7 

UiwN for Conen-ie npinforciTOrnl" f\<TM ‘ 

IW t« o™„«. USTM iim, 

tilwl U>r or Rod .Moir for Coorrtru- Krinforromoiit" rAoTM T].f 

tin dtrformwl bttj» ^hn[\ rnnfomi Ui ^ Kf«M-ificaitiniw for * lX-foi™tiotw 

^(6) Cald^n,wn win- or w,.|.W win- fat,rir for eonctrte rainfom-menSl eonfor™ 
u, th,- ix-Hiun-nu-ht, of ".Spc-eificmloiw for Cold-Drawn Stool IVirr w 

fom-o.«ftl" fA-STM Afi2i. ,>r "SprrifieatiPM for WolS jS uiTlSnwTt^ T' 
Ri-iidorormonl'’ (ASTM Alfi5). ‘IM - t«l Vi ug ]<nfana for Coamrto 







CtnUtENT STATC13 OV llElNtORCED CON CRETE DESIGN T-il3 

Wlnictuni] ithaSl ™riforni U> iTil^ ri*fiiiin^iFwntji ftf fnr 

for Btid Buildings" fA.'n'M A7). 

fltcdorif!' for rOm]Kwfti' CE^Iumn.* fha,l\ mofomi to ^'Sprrifiailjonfl tot 
Ciiit Iron Pn'swuri! Bijst''' C\STM A^77)/^ 

SUt! ronjqriiung to AJ^TM AI5 may be of dtii' of i\mH^ gniili’flj film*‘lurHK ^Mtt!nliel^iMt4^p 
or {mnL The mltiimiim yji'kl poiuu for ihe thm‘ gradcsi ar«p napcclivdy; 

33plW>; 40.D00' anil 50.000 psi. Tht. ultimate litmigtlis im ^poirifu-d in range*: 55,000- 
75,000 pet for strurturol ^dv\ 70,IXX>"llO,OQO iar inl^j-niciJinle grade, fnid niipi- 

rania for hanJ gnwle, QtlM r requirements nrc dc^gtird icr oblain nw^sruihly unifurw 
cbrmical echtout, and sleel 0i»t i* duel ill! eauugh JHi tiiat it will withstand notm^l 
falKicaLing prncwJunifl without eraeking. 

^SLartfiarti UaT Hiitts-p inothiHl ot di'«i(tiait ion, ami miniErtum defonvnitiaii requircirTwntP 
air aa shown in Table w^hieh U taken from .4?^TM i^pedJiifatinii A305. Talile* 2 
through ip taken rrom i;rc|uhartp O'fUnirke, and WinUT. ^ of Coom-to Struct 

tureiip" Gtli cd. (Rid. 0> give useful data for pfroupt^ tif httnt. 


Table 1. Diic¥sS!?-jonai. REtii-iKKitii^mi roR I>i:ro3iMEP B^kxu Bars it>n Concrete 

Hia^ircJliCEUENT 


l^dnrmed 

bar 

do6ig£Lat3on 

number 

Unit 
wTiuhtp 
lb per 
ft 

Xomitiai dimension.^ 
round seetimiH 

1 

Defuriuihtiori reuuire3nent@ 

Diam¬ 

eter, 

in. 

Gfitaft- 
aeetbirLal 
nn^4i, 
sq In, 

1 

Perim- 

i.dfrp 

iiL 

Maxi¬ 

mum 

ftvemge 

F|j«LdngH 

in. 

.^^inT 

Ilium 

heiKiLt^ 

In. 

Masimum gajr 
fehoni of 
pefrenl of iionii- 
nal pc^raniotitr?, 
in- 

3 

0,37h 

0.375 

Oil 

i.m 

0,202 

a.015 

0 143 

4 

a.iXld 

0 500 

0.20 

T57I 

0.350 

13.020 

a.u>i 

5 

1 M3 

0.025 

0.31 

TU03 

0.437 

0.023S 

0.231^ 


U502 

0,750 

0.44 

2.350 

0.525 

0.038 

0.2841 

7 

2MA 

0,875 

o.tia 

2.740 

0,012 

0 aw 

0.334 

& 

2,1170 

1.000 

0.70 

3,H2 

0,700 

0.050 

0>3S3 

e* 

3.-I00 

1,128 

1.00 

3.544 

0.7^K) 

0.05t| 

0,431 

10* 

4 .305 

t.270 

L27 1 

3.SKtCl 

0.S80 

OOtAl 

D,487 

u» 

5^313 

l.ilO 

Too 

4.130 

0,087 

0 071 

0,540 


I Rmr ttiimbm ant *ni iJi* nintilwr M ei^bitiri ol in inrti l□c•^yll«l \n ilic diwkrt^ tlw 

tm. 7Ti» iwpnipal dl-inEtcr i?l H tieroJUietl ti*r I* wjitivdcat Hi Uwi liiacrarter ul m. l^laui bar iCig lltr 
WWW k^t nrr fimi pw- l‘h^^ liar. , j ■ i r - 

» dtaicnMlHfia No* a. in. mad 31 ?^i™pDtiii tu tlw fflnnEf l;Rl SiVHl. *Flrf I \iMn^ 

Him HHlHie lo Il» toniwr ttnmlaul liar *ia« la wEi^Li and uiMbwaJ erM-MrUaEml 

inwi- 


Table 2. Abiias or Gnoura of fe^TANRAaiP Bars, S^qirAitK f>u:iiEa 


ikif 

dnillOis- 

liijil 


Na. 
No, 
Ntiu 
NiJm. 

NOr 

No. 
Nd. id 
No, n 


Numbtr oF 


a 

3 

A 

5 

* 

r 

jf 

ti 

1 

u 

12 

13 

14 

OM 

i IK^ 
1.2Q 
i.ar 
2.00 
i.^ 

a.ia 

oja 

OlUI 

1,32 

l.Ml 

5.0Q 

a.tn 

4,Bn 

O.TJ 

1.23 

1.77 

7.41 

3.14 

4.00 

tiJiS 

0.9$ 

!.:» 

2.21 

3.R] 

3.113 

am 

7Jii 

l.l» 

l.H 

2.04 

3.«1 

4 71 
o.m 
T.sa 
0.517 

1^7 
2.1 A 
3.13U 
4.21 
^.50 

r.m 

14X04 

' 1,57 

3.23 

4.«l 

n.2S 

ID IlS 
12.60 

1-77 

2.rrt 

S.9S 

i,4l 

7.or 

U.0O 

11.39 I 
i4.CKi 

i i.m j 

3.t3T i 
4.42 
0.01 
7JIIS 
t0.{i0 
i2.i« 
Li.n2 

2.10 

a.^r 

AM 

aai 

H.64 

IS.™ 

17.111 

' 3,3a 
3,*ft 
5.;« 
T,33 
9.49 
la.DO 
U.IU 
1S"fl 

2,5J 
3.Hf 
a.71 
T.83 
1D.3I 
. i3.no 
10.45 
30.31 

2.T5 

4.30 

fl-lO 

».42 

li.m 

I4JFW 

tT.T3 

2l.ftr 
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SEI ^rDHCE D CONC KETE 


TaMLK PKHlKETEa?; Of OUrti PH OF STaSDARD BaRH, 


Bftr < 

(luf ■ 




NuDkl>Fr of h«m 

rviir^i 


3 

1 1 

£ 

fi 

7 

s 

0 

iO 

11 

12 

13 

14 

Xo. 4 
No. A 
Xo. n 
Xo, 7 
Xo. « 
No. 0 
No. ]& 
Xu. ] 1 

H.l 

ti.-o 

i- 

g..3 

k'o 

Bvli 

74 

a2 

Q.-i 

10.45 

is.a 

13.3 

nj 

7J 
li.^ 
II.Q 
13. A 
14,2 
Ifl.O 

1 i . 1 

7,J^ 

V.B 

n_B 

13.7 
Sfi.T 

57.7 
30.D 
22,2 

0.4 

I1.B 

14.1 

l(Lfi 

21.3 

23.1> 

20.0 

uja 

ta.7 

ifiji 

111.2 

24 .a 
27 .W 
3I.Q 

13.4 
lA.T 

18.5 
13.0 
iw.l 1 
38.4 1 

1 

3r..4 

14.1 

17.7 

21.3 

24.7 

28.3 
at.o 
3A.0 
3U.0 

1X7 
L0.A 
33,0 
27^ 
ai 4 
W.4 
ao.o 
+44 

17.3 

21.4 
2.1B 
30.3 
34.0 
3BjO 
43.A 
4H.7 

18.3 

33.0 

33.U 

3T,T 

42.A 

IT.O 

43.2 

20.4 

25.a 

30.a 

33.7 

40.W 

4G.U 

St.O 

07.6 

23.0 

37.3 

33,0 

1 384 
44JI 
4^.0 
53.0 
02.0 


Tahi.fl 4. Ailra^ or is aii^vas, SQrARii TnSCiiE:i^ T'Kh. Fwjt 


HjPtn'itip, 


Bar dL'^ij+nntlnh 

m. 

N^i.3 

Xf», 4 

^ Oi Q 

Xo. 5 

Nsi. 7 

xVo. 8 

No. tl 

■ N«, in 

Sit. LI 

3 

3H 

!- 

SJi 

ti 

0!4 

7 

ID 

12 

0.44 

0/AS 

0,33 

0.2i] 

0.24 

0.22 

0.2D 

0.10 

O.IS 

o.r" 

0.15 

nj3 

O.ll 

0.78 

0.07 

0.50 

0.52 

0.47 

0,43 

0.30 

0.341 

0.34 

0.31 

0-21+ 

0.2i|3 

0 24 
0.20 

K23 

l.OTj 

0,02 

0,82 

0,74 

0.57 

0,01 

0,57 

0,53 

0,40 

0.441 
0.41 
0,37 
0.31 

1.77 

1..51 

1 32 
1.18 
i.m 

0.88 

0.82 

0 75 
0.71 

a. 50 

0 53 

0,11 

^-^0 

2.00 

I.SO 

l.iiO 

1 -44 
1.31 
L20 
1.U 
1.03 
0.1N1 

0 SO 
D.72 

D JiO 

3,N 

2,fiO 

2.3^ 

2.0!1 

1.71 

1.57 

1.45 

1.35 

1.215 

t.is 

1.05 

0 114 
0.78 

4.00 

3.13 
3.00 
2.U7 
2.40 
2.1S 
2.00 

I. S5 

J. 71 

1.1X1 
t..'i0 
t.33 

1 20 
t.on 

5.041 

4.34 

3. SO 
3.37 
3.m 
2,7ti 
2.53 

2.34 
2.17 
2.02 
LSI) 

1 . m 

1.32 

1.27 

D.25 

a.SH 

4 08 
4.17 
3.75 
3,41 
3.12 

2 SEI 

2 (i8 

2.50 
2.34 

2m 

1.87 

1.50 


H,-rt.in1v. tht^Fir iKxift H«n,f np^iat Tolllns ^ infE,?. bsrt fnr JippliailiDii k h.nvllv 
nrHifoHi^ **l,ons .hiddinK n-nct.-r., hul ikavniklnlitv « 3 itl pitirtinU .itilitv 

n( iiirh Nuv U. liinit^, (Xh.-r hir* .jf biiitu-f .tn'iiKth Hi]d difftrtnl ,Ji-fornm- 

turn imttiTiii^ jut^ lijimJ i4> ti litnitied 4 >xti?ht, 


D&StGN FOR FLEXURAL LOADING—STRAIGHT-LINE THEORY 
A projN^rly d.^Rnrd minlwctil knm w one wKi. h liax tt nuirdiT of 

^fft.v faiUir,- in any fornu yi.ldin« of tbo ti-n-ioo nonfonvim^nt; 

mit of Ok- HI rompn^LiJli: dii.^ond |„win„ ,lip 

Ifws of liond kK>tn(N-n (ip;!.! kthI o-jiiwfIp! op t-si'i-sjiivi- (b'lJiTtinn, l^tc-piil Im^ kltitjc in nti* 
nnunlly n fnrtor h.H-mine Ok- nnciioon in n-inf«r«Ki nomwUy an- quito »liir 

II m «,ni.‘wbll mMi«K to .owdw Ik dimn-nl cotidilionn «njnifal..U- 
h«^n^. Ik-n- I, d.fi,„ti. mtomrlion, tor .-.ampte, a dui^onnl ti-nnion cmok *p^.duiK 
into tk ron.p«^K,h may pnH-lpitnU-« ph nuiton- ^omprnnMon fiMlup,.. Altl.ouirh 

p^-ognunnK .L-^itt.t.ooK. 0^ oUKtomnpy approK.h of ln..ntin« p^n- ... and 

jdipai and kphd lati-P a^ n-iatratp mnditbipin, will Ih- fotlowi-tl hi-n- 

An^ioniqt 4t™r In k JK-didMi- „xkI kind pi^iKtonm nd.^p^t,., ain- of Iwo thiliRK mav 
hnpp.... If a kum n. <^rl^>d«h ( I) Th.- ni in On-.!« ] thr yiold and ifnS 

to floa tilaalirally. The- hnirlini' rmt-ka wtmli art pn-sni ai working kaid.. ow-n iridor 

MOO amt tin ppcuanK tbe o^pn-^ivt- pIp™. until ihn uHitnnti-!» fmeh<^, at tpliiph point 
thv orthPTok n-dJ t-rudt. Thti 14 pninrtPtly a «*«! failutr. Far prei-ticnl puppweTlhu 
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]uid u whvn su'd ifTArt# to yiolii, iiut| Iwitire hhinkinjc, \aw^ iilH^lic 

an? it'ftliiipd. Tlii# ty|j<? of kum ip «iM \*> b<> "tind('T]Tiiifot™|/* {2} U 
thrrr- is c<lid41f;ll Plwl ill thi' Ufutit td Lli-V1^ki|i llin y]tlnuiU^ nin'lliftb of thi* rnncrpU* 
yii 4 illnp :4 smidi'ii [Umpiring of ilw wtirfftc Diay remilt wiifli lit tip or on foninrarninit iii ihic 
WBV of visihlr Sudi B buon L- PWid to be “ovorreinforwi/" WlHim puh-I 

yipkiint|[ niiil roiima*' rrusliin^ htp rpaiptH'ii hiiiiuJtjiiir«uftiy, tJv' is "h{ifiiii™d." 

By the straiRbt-lioe ihpory the Ijtttttoi-eil fminl in ooiupub^^ to (M*«'ur with fairly 

email nmouiilP n-infafTriiM-ol —tlw^ rat in of the ndufonfii'meiit area li> eofien^N^ f^ra*! 
welioQ bt'iup? of ihf- order of (I.OI for ordiitarj' nialjerinls. Ultimja.l4VHtn'i3gth iheorite— 
whicli allow thol the real iTompif^wiciii rt*?5iHtiiin^' of Ertisereto la i^?i'jiter than ASRinif^ in 
I be atnuKht-line iheory^—phow rotisidi^bly higher t«ilatn\^ dreijtti ni tlop—of the order 
of 0,03, Swut^ it ia upiuilly impniirtirail tti iilaiT aa laurh etwl aa this iu d beam dml al ill 
haw rooiu for pladji]^ of canerele anil fMoper IwiicliriK of atwl to i-ooeretfl, miwt bt-am* 
an!^ lu'lually undpm'itiforetMJ even thlHl|tll^ by pimight-iine tlieon-, muu- may appear to 
ovem'infcjrtvd, 

Thi- notniicm in ihe pi mipslit-litip theory Ut 
fa ^ unit Oiler airvAi in etceir 

ff “ unit OhfT aLn^ ill eoneneteat tls eKtri^me flixTi 

// - ultimate i'om|irpsKii)n ftirenpth at 2S day? ronmU? c*aL in ^t&tniiird O-in. by 

ejiind*'r. 

At - area of eros? wlioti of steeL 

- area of orosi? m'tion of eonereie. 

- tpudgluff of elaptieity of atol 

* tfioclulua oF elftPtieity of eonrrete- 
ip » unit Eieformalion of itii+el acting under/*. 

^c " imit rfofermation of concrtie acting under /#. 

li * E JR.- 

r — total tendon in enwa stTtion of eteel. 

C — total compreswon In I'nm jieetion of conpreto, 

A/ — total exterottl bi'tiJing EaminMit at a eros? section, 
ifp “ internni resirtting tnomeiit of sU'el in ii'mion, 

- intemnl n-piatinjt nmiin-nt of concrete in e^nnpn-siiiioii. 
fi — breadth oF n-ptanj^lar conen^te liearn. 

d ^ diHtaaci^ fnim c-ntnpri'^iwcin faw to plane of n iitrvid of temdle stuelp ht rrafter 
njferred to on depi h/^ 

k — ratio of depth of neutral purfaee to efftirttve depth. 
i « ratio of arm «f iT#litJEig couple to efferiive depth. 
p — etcc! ratto, >lj/be/. 
r « ratio fa/f^ 

For \h\B mid all olhi-^r lypisiii uf wlioiis, dwign formuhwi are obtaim'd by applyicig llir 
two ftVHiljthle equalticiiiB of atatii^, TheM- mni lie stalls*-! ns followsj (|) The internal 
resisting mcmvpnt iTim*l equal the lnuidtiig moment; (2) the net tntefiial lonpptiidinal 
force muiit equal thi* ihrurl (Kern for pure lleKoit’h 

Ttius, in principle, the dcfsigo of maicrete elrinente w ven (simple. However, iieeaune 
of iliA* two^mnterial avd^tem and tlw fnet that tin* shaties of tlu' poKions of I he tiicmlder 
ill U^tudoti and comptrwion afo aoQietimrA awkwarti lo v%ptv^ inatb.>miilieajly, the 
algebra fann^uently beeomrs invulvcd aewl Miiiplafying eharta, tablcfl, and gratihr^ are 
praetica! ncceariities. The ptiiieiple?] will hv illuntrattaJ for the simple section below, 
iK'iivatioBi for mom rfiimplicated conditititiM will not be given hcFr but enii U* found in 
moat Htaindord lextbooka {Hef. &). 




ZfEINFOltCED CONCBETE 



Fto.Sl 


For pujTC^ fleKiiit^, idnicp llio iitl lunp^tiidiniil thmit zero: 

C 

. AJ, - pfM 


TftldnR ahtml thc^ tesnuioti 


- Cjii 


O^f titki[i|5 mortii^nlji abcml tho mulluiit muiprt^ion fonci!' 


Wi'lirefo K = ar pfij^ 

From ll|C. o I: 


M, » Tj*i 

^ pfAjhif ™ K^m(^ 


>/ 

J 

Abid, rram SI by edmiliir trbLii)(kHs; 



<2) 


m 


t4) 


Si^lvlrkf; k; 


Fnun E(p tl): 
m 


fa^ ft 
d - W * td 

A I 

“ k 


k 


n 



n -j-r 


lifj^ - pf. 
h £ 

T*°2p 


BuhatilutinK this th Kq, (A) kml for ik: 


C&) 


W 


t “ V"2pfl + (pn)* — pn 

l;^iwtk>ti f7) mny he uwd ftt fi^ A if p uihJ h ure* known; tlmk ic, if ihe bttnni hu d- 
RAtly hwn. (tHigneii imd it i* ilreimi to check nr ‘'mvipw" the ilcAisn, Knowing Jc, Eq. 
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(4) ui to Knd j nnd Lb^u K^ii. (£} &rkJ (3) to ftcid the in thf^ c^onfrr^t4}' and 
fEtfpcotiwIVj for Bn>' tpvi^n twnditijt 

Iji whom- A liAlftn?^ [hy ihi'drj^) condilioii if thu allnwnbk^ 

fitrrjwi^ fd» BliN?! and i?OlR*reU‘ iwiy \k ^bslillll^ in Kq. (5> to fitwJ iho qllanUty 
ihvn bp foUiiHi from liri. (2) and appropriott^ vilIuiw of h and d Vdny^ ihvfv, 

tv|. (3) may mpd ia dtl^rnuu& the Anvuuni of nti-^td ivijuirv^^ TJiijf priH'ffjLjrii w 
j^T'iNiUy ffimplifiiHl by Unr of tlie followintE fh*rt» mid LabSe*, bjiMxi on lln:!» equntjonBp 
iMi llllMt^tiil^d in rsiimpli'fl below. 


Tapfj; or HECTAxoriiAR ano 


it 


n 

n -h r 


J" ‘ ^ a 


p 


It 

Mn + r) 


A" “ ~ftkj or p/^ 


i% and 

ft 

A 

k 

i 

P 

K 


is.ooa 

1,00? 

o.aij7 

0,881 

O.OIIkl 

21i2 



2.000 

0.400 

D.SU7 

(>,U™ 

347 

6 

(S,IW) 


2,250 

0.42U 

D.8o7 

a.02ii8 

414 

2(1.000 

l,O0T 

o.aaa 

Q.m 

0.0130 

2*7 



2,000 

0,3T5 

0.375 

0*0133 

323 



2.250 

o.4oa 

0,800 

0.(1227 

3U3 


18,000 

1,250 

a.357 

0.S8I 

0.0524 

J07 


1,500 

O.dOO 

(1,807 

0,0107 

200 

s 


LG&S 

0.d2il 

0.857 

0.0201 

810 

{3.750F 


tp250 

0,333 

U,B8^ 

O.OlOt 

1145 


1,500 

0.375 

0.875 

0.0141 

240 



1,1188 

0.403 

o.m> 

0,0170 > 

25H 


18,00S> 

1,000 

0.3.17 

0.881 


157 


1,200 

0.400 

D.S07 

0J)I33 

203 

10 1 


1,350 

0.428 

0 857 

O.OIlil 

243 


20,000 

1,000 : 

o.m 

0.88^1 

(1 , «JS3 

14S 


1.200 

0,37a 

0*875 


107 



1,350 

0.403 

0.8lkl 

O.OISti 

235 


US,000 

833 

0.38$ 

0 . S72 

0.0100 

NO 


1,000 

0.420 , 

0.857 

: 0,0134 

(31 



KI25 

0.457 


, 0.0101 

218 

12 

18,000 

m 

0 35T 

0-881 

0.0083 

131 

1,000 

0.400 

0.807 

O.Olll 

(78 



1,125 

0.428 

0.357 

0.0134 

207 


20,000 

m 

0.333 

0.380 

O.OOOl^ 

123 


1,000 

0 375 

0.375 

0,O0iF4 

m 



1,125 

0 403 

0.8fkt; 

0.0118 

100 



WT 

0.335 

0.372 

0,(K1H0 

112 


iiUV) 

0.421^ 

0.857 

0.0J07 

147 


l8pOOD 

W7 

0.357 

0.381 

omm 

ia5 

15 

800 

0.400 

0.307 

0.0080 

130 

f2,000i 


000 

0.420 

0.357 

0,0107 

105 


20,0011 

liOT 

0.333 

0-330 

0.0055 



800 

0 375 

0.375 

0.0075 

(31 



uoo 

0 403 

0 . 800 

O.OC^JI 

(57 
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RE[NFOKi'&D CONCltETB 


TAiilJ: Ij, Hl;vit;w OP Hlctan'CiI'lak 8i.-^ji5 

k = — ;jrj j * | ^ 


1 

p 

Pi -■ 0 

n 

- 8 

1 n » 10 

) PI - 12 

- 1.5 

jE^ 

J 

k 

J 

k 

> 

k 

1 / 

A- 

/ 

O.OOIO 

0.104 

O.mia 

0_U0 

O.lWO 

0,132 

0.050 

0.145 

0,1152 

0.1.58 

0.047 

0,0020 

0.143 

Q,LP.\2 

O.liH 

0.1(4.5 

0.18L 

OJHO 


0.035 

0.2J7 

0.028 

0.0030 

0,173 

0,!M3 

0.1'Kl 

0.<>35 

0.21? 

D.028 

0,235 

0.1*22 

0 258 

D.0I4 

o,otm) 

1}. nm 

0.^35 

0.223 

0,1*20 

0,240 

O.IMS 

0,200 

0.011 

0.292 

O.IKB 

0.0050 

0.217 

0>L12§ 

0,240 

0.1(16 

0,270 

a.tiio 


0.1*03 

0,320 

O.S93 

o.oa>t 

0.224 

0,!>2.5 

0.23( 

0,015 

0.270 

a.iioi 

0.300 

0.900 

0,32*1 

0.84^11 

o.OO.^ 

0,231 

n.<)23 

0.2i;>2 

0.013 

0,287 

0,904 

0 30!i l 

0.807 

0,337 

0.888 

0.0002 

0.23!^ 

0. \m 

0,2011 

O.WIO 

0,21*0 

0.90( 

0.317 

0.894 

0,348 

0.884 

O.OOki 

0.24fl 

O.SIlSI 

0.270 

O.fNlS 

0.304 

o.m 

0.325 

0.892 

0,35t'i 

0.881 

0 0070 

0.2J^1 

O.DlIl 

0.263 

0,000 

0,31i 


0.334 

O.Ml 

0,305 

0.878 

O,t)072 

0.2,^4 

0.015 

0.280 

(y.!i05 

0,314 

0.30-5 

0,33S 

0,887 

0.800 

0,877 

0.0071 

0.257 

QJiU 

0.21(0 

0.1M3 

0.318 

0,304 

0.343 

Q,88ti 

0,372 

0.870 

0.0070 

0.2GQ 

n.siui 

0,2113 

0,00(2 

0.321 

0,803 

0.345 

0.885 

0,370 

0.875 

0.007H 

0.2fcK? 

0,012 

0.21(7 

OJIOI 

0,325 

0.802 

0.340 

0,884 

0.380 

0.873 

(l.OOHO 

0,2l!3 

fl.yi2 

0.30Q 

0,000 

0,3:^ 

0,801 

0,353 

0.882 

0,3^H 

o.gr2 


0.2(18 

o.dn 


0.80*1 

0,332 

0,880 

0,350 

0,881 

0,387 

0.871 

o.oo&t 

0.271 

0,010 

0,3CHp 

IK 808 

0.330 

a,ss8 

0.350 

0,880 

0.300 

0.870 

0,O0St; 

0.274 

Q.mt 

0.3OLI 

0.807 

0,338 

0.887 

0,3i>a 

0,879 

0k314| 

0. MM 

d.OiK^ 

0.278 


0.312 

{S.S'Jii 

0,3^11 

0.8811 

0,300 

0.878 

0,308 

O.Sli7 

ci.oouo 

0,270 

0.[M17 

0.3M 

O.S05 

0,3t4 

0.885 

0,370 

0,877 

0.402 

9,80iS 

0.001*2 

0.262 


0,31? 

O.SOi 

0.347 

0,884 

0,373 

0,870 

o.m 

0.855 

o.oom 

0.264 

O.tXln 

0,320 

0,803 

0,350 

0,883 

0,3?0 

0,875 

0.407 

0,3tV4 

0,0U^M^ 

0.287 

0.iw>4 

0,322 

0.803 

0,3-53 

0.882 

0,37L+ 

0,874 

0,411 

O.St}3 

0,00l*H 

0,280 

0.tl04 

0,325 

a,8ii2 

0.350 

0.881 

0,3SI 

0,8?;^ 

0.4U 

0,802 

O.UlIJO 

u,2l»2 

O.ilClO 

U.32« 

0,801 

0.3.58 

0,883 

0,3R5 

0,872 

0,41S 

0,861 

o.oiot 

0.20(i 

O.tMJl 

0,333 

o.sso 

0.303 

0.879 

0.301 

0.870 

0.423 

0,a59 

o.oicwt 

0.301 

O.llOO 

0,-330 

0.887 

0.300 

0,877 

0,3181 

0.84x8 

0,42^1 

0.857 

00112 

, 0,303 


0,343 

O.S8tS 

0,375 

0.875 

0.402 

0.S4U1 

0. r44 

(l,a55 

fl.dllti 

0,310 


0,348 

0.834 

0.380 

0,873 

0.407 

O.Ji4Vl 

D.440 

0.853 

0,0120 

0.314 


0.353 

0.882 

0.384 

0,872 

0.412 

0.8413 

0.440 

o.a5i 

O.C)l2-t 

0.318 


0,357 

0,881 

0.38ii 

0,870 

0,4(7 

0.801 

0.4.')! 

0.H50 

0.0]2g 

0.323 

i}.m^ 

0,3ti2 

0,870 

O.a^H 

0,809 

o,m 

O.a50 

0,4.‘'j7 

0,848 

0.0132 

0.327 

0. Sill 

0.3Cp(i1 

0.878 

0,3SPS 

0,807 

0.427 

o,a^ 

0.4UI 

0,310 

0.0] 

0,331 

0.SEI0 

0,370 

0.877 

0.403 

0,800 

0.432 

0,8541 

O.404J 

0,845 

0 0140 

0,334 


0.371 

0 875 

0,407 

0.8G1 

0.43rt 

0.855 

0.471 

0.843 

0.0144 

0.338 

0,S87 

0,3711 

0.874 

0.412 

0,803 

0.440 

0.853 

0.47.5 

0,842 

0J>14» 

0.342 

O.SS0 

0.383 

IK 872 

n.4U\ 

0,803 

0.444 

0,a52 

0,470 

0,810 

0.01ii2 

0.348 

0.SH5 

o.m 

0.871 

0.420 

0,800 

0.410 

n,a50 

0,48:1 

0,839 

O.Ol-i^i 

0.3(1) 

0“. 88-1 

0,31W 

0,870 

0.424 

0.85LI 

0,453 

o.aiy 

0,487 

0,838 

O.Oli^ 

0.353 

0.883 

0.31:11 

0, MM 

0,428 

0.857 

0,4-57 

o,aiw 

0.403 

Oh8;VO 

0.0170 

0.301 

0.880 

0.103 

0, SOti 

0.437 

0,854 

0.107 

0.84.5 

0.-502 

o.m 

o.oiss 

0.3>() 

0.877 

0, 112 

0 . 8413 

0.410 

0.85f 

0.470 

o.aii 

0.513 

0,820 

O.OliaO 

0.377 

0.874 

0,420 

a.84w 

0,4.55 

0,848 

0.4a5 

0,838 

0.522 

0,82*1 

0.0(200 

0.364 

0.872 

0.428 

0,85? 

0.4413 

0,840 

0.403 

0,83rt 

0,531 

0,823 
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XUiistmivA ExiinpieSr 1. m fu'clitiiguijit idmpk- Ix'Ani lo caiJT_y 1,200^000 iru-lb 

niumcm Ih ni^tMmkner wilh iha At'j lnS<?miKllttt(^^du atol {f* Allowabb - 

20.01X1 ^ 3,000 jid {/# allirii jibli- ^ L350 psi)? n ■ 10. 

Krnm Tiihli' h for n -i= 10,/, - 20,(300,^ “ J.350j K = 0.^03./ - p =* 0.0130, 

^ - 235 

^ M K200,IWO ^ ^ 

¥rum l-kp (3}, {htP} miuin^l " JC * 

Many diffc^iT'nt valuer of h ftnd d mti^fy thw n'liuEreniPnt, If I here H ri? no litiiiliiticKrffl 
m to do’ijth or ftiiJlh, it wiEI lx ftiutiiJ most ('roanjmlral to meik^* frntii to Jii of d. 
For a iv'idth of 12 in. an i'Jrwtive dirplb of 20.d io- Ib rhi^u.in'ij (12 X 20.0^ — 5,(X10)+ 

From Kq. (1), d* ^ ptd ^ 0.0130 X 12 X 20.0 - 3,33 jh| b. 



TLrw No. 10 bar* lunii^hini; 3.70 ftq in. iit thi' mofft pra^lic^l rs«infcir« ment for ibip 
fMnim. Thf ffnal wohs of thi^ beam with albwnKut- for mvier and wt^h rein- 

furciMni'iit in ft.huw'ii lu Fl^c^ a2. Xhr efftn^livL* dt'plh in iilKJtil O.i in. shy of tliat thtort^t- 
icnily requinyJ^ but this U inmiatt'jrinL i ~ t ^ 

2, Hvvit*w I hi* litwign of a iM-nm bivioi; f j « 12 in., d - 20 in.^ reinfurerHJ witli 3 
No. 8 Lam, ii cstiiiiiiU.HJ at JO. Ih^li^finine the aLressn^ in atoel and «:ontreu* due to n 
bending; monn^nt of 7(X>,0O0 in.4b. 


p 



2-35 

12 X 20 




From TsiLk k 
From I4j. (2), 


From Ef|. { 3 ),/. 


- 0.35C,/ -0.881 

2 X 700,000 

“ 0-350 X 0.S51 X 12 X 20^ 


ftaSprt 


700,000 

o.otxwf* X ossi X (2 X 2CH 


10,850 pai 


0 357 X ^^128 

or, from Eq, (OJ./. - 

Quilt' often tlie sitxmlion ia met whthn* the tii'nirmJ ertie^ Hwtion of remcrete is set in 
advunee (snv Ly eftiarunet^ arehitecturnl ttunHitlrmtiyiin^ or by ntrurtuniK re'cinirernejitn 
at rtiioElser neelioli uf ft toiitimiotis meiiibt r). ff ihi.* smtloii l-i uiKlerrt ififoreed, ihi* 
demgii preblein U nimply bi Eiral tin* rtn|iiirrH| amount of teiuijoEi nlet-L ff the Mhethpii 
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REFORCED CONCRETE 


» i>^rrdiiforw4, ihs problem b to indreiuit! tho rn^rtiiiit tiibmirtit with naptfirl Ut the- 
m iluit it will tint bp Q^pratir^sefb If rt if u:ndeHinkblo to inen^nw tliP diniiMi- 
sioiK of tliL^ MMTtjqn, tbe ff^liEkf^ niutopfit may jnf^rnuiecl by pSihi-r of twis mpthcKii: 
(1) Piwicie u-iwiciib MwJ aliovi* ihul tatxMlifJ for baknecd (2) .\fhJ ctinipr^uti 

FbififdrppJtiPiit. Thp ti*i' of mjni|irD^ori ninfanxtihGbt will Itc trimtixl Jjit^'r, 

Fiflxure ta t T BeAii!i. Wh^n a ivrtAaKuUr bpsjii is ciurt. iitutiQliihiriiliy with a 
ilftb which it iuppurtu, th^ dlnh wil] aet latPgruRy witb tUv beam. Iti tfn? cjf 

pcmtJVP moment Lise alub luu tlie effect of ciklarihn^ ihu comprcsBion anjii (ivailabkv ibw 
perforniLEig the fiiticLjon of mktliiK the flhear and of holdinf^ and afiehoriiii^ the 
LribiECin fltcfl at tlkn pfa^ier dwtaiR-® to produt^ the necpM^- feehilinj; f^ouple, Tliuj*, 
\n Fir. 53n, the flfaiuJtd tuvn, mn«tktutc# & T bRam. UTki n? there b ni-jcative inonieiit, 
at the Hiip|i<iirtH of a eoiilmnuita bHins^ the a!ab is on ihi' terLFvLon siJe^ irtet*! munt f* su^k 
plipcS \n the top to oaJT>' ihe tcipion, ami the b ilpidj^if I lut an ordinary- nf‘taii{|^lar 
l»am with nidth nquid LoaLeni i^-idlh andcIYncU ved^pih mwuredfruin the itarhL up tq tho 
lap Steel The stem must ahto be odeciuiite to take the shear at tlic Mjpjwrl.. Fn'^iui^ntb , 
T beaiTia an? detdgned u bataumi btfitns for porativu moirycnt and uorno or a]E of the 
bwer BLi.>el iR mil thTOU4tb the nipport to serve as eiuoprHiFioti n>iofoFcemjejit and make 
the metanf^far s^tfoD ijapable oT re#t^titiR the DC^tive i^ipporl mnm^mt. 




^ limitji of fUntfe width which may jwt^uinf'd u» 
by the fohowihic AC I Code aeetioh; 


aetiiift With ths Stem are sperihed 


"TD6—Renuh-euieats farT-beama 

JV V' 'f"- "'■‘l' ''"d »wil lie Imilt iele«ra1ly Of ntlienii*. 

^7 W ‘■JfiJ’tiuT. The i-ffeelive fla„jp, widti. to twed in ihe of dviii- 

Mtnrai l-bpo™ i,hall imt i-xl™! one-fourlii of the span iefijtlh of tJ.e beam, and it* 
ovet^jipni! wulth oti rtthi-r side of the w*b shall not e^eml eiRlU iim« tJir thirkni-s* 
Of the Hinb nor oiii-^liaEr ib? vlmr dutanee to the next bwiin. 
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For 1i>irMmuh fiavinf^ n llnn^ on otir eidc uti1y> tlie HnJtir 

«ridtb nliall uat txct-cd 1/12 tif Uu- iipan liiHifth of thi^ b«im, nnr ws X\tm» tlikknc# 
of tbud fllali, tior flijs-littlf tiii? ckiir to fhp iwxt l>HkTfi, 

"(c) UTicrc ihc* iilifirilJfll mnfurreniml in 4* pUb which Ip eoisfldrmJ thu fUnKC of a 
T-betira (not u joint i« rtmm'tr joipf Hoorp) in to the luTira, tmnifverRi* irinfoM'#^ 

fneirt nh^ll lie provided iti the lojj nf the Thin rpJtifontinaeiil nhtiU \k^ iispijtrvrd to 

the lond on the fnoriioik of the dob roqtiiretJ for lhn» of the T'beain. The 

llnti^" jf'holt lie to act im it cantilever. The npneiog of the hare phnll not est'eed 

five liEOM the ihickibw of tJic (liwijp% nor m any cape 18 in. 

^■(d) Proviffioii ahull be made for the compreanive rtrew al the jiupporl in eaiitinuoua 
T-b^tii cqftatnijcthiiit care mken tliut the proiTaons of Section kMIS rektiti^ to ihe 
apadng of tjftCH=T nnd 404 fd) relnting^ to tlie pliicinR of concrete ahnlt be ftilEy meL 

"(e) TIm? OTCrhnniinif portion of the Hnn^u of ihe Iteam phaH not be coniodeird a# 
effective in eomputing the nhenr nnd diaijoEia] utoainn reiiiiitajiee of T-^afatner 

"(/) [polntcii bramit in w ldeh the T-form in iiW only for the purpoee of pravidttiit 
aJdililorkal dompreaeLoD area, sfiall have a thichnepp not !c®f thiin one-Wlf the 

w idth the web aod a total flani^p w kith not more than foot times the web ihirkneiin-'^ 

Tile neutral axip may lie in the Han^, In whieh dtwr the flexilnU chtaign ii made as for a 
rectani^uliLT beam of liin fidl fkiiKe widths of it may lie Ui tJip Htetn, q case reuuirini^ 
rinaly-Hui by the T-brjini fomnkB or sai[s5factoi7^ appro.'dmatkm?. The BavendugE factors 
lire tile ratio i/d and the pereentaBe of Ptoei 

It ts cUMtoitmrj- to ciegtet ihe compressian in the stem. RePoKtiiiB fortuulnH are de¬ 
rived in tno^L BiULndard t^xtliooki and are eui folSowa taws Figs. &3fc and 


npj-m^ 

np + (f/d) 

fl - G<f/d) 2(tM^ -f (mHl/2pn) 
^ " t\ - W/^ 

fltl - k} 


(S) 

(B) 

( 10 ) 


^f.~AJJd (11) 

Aft - /*(! - (12) 


Appmxinutie etjimiimin (or rmUting manustiiii tJin bo developed by tu^EUhiinK Uip m- 
ijultqiit roiiipiptBAioii priiial to aiul fti'linn ut the inid*deplh of the flat. Tliua: 

M, “ A.fM - Hf) (oppio*) (13) 

Kf - - Wi (approx) (H> 

[i.juntiofm (13) and (14) art- aatirfurtorj- for dle«ij[ti in all praelioil =*««■ Figure &4 
plotted (rotti Eqg. (S> and (0) -ihould Iw uswl In reviow of a beam to fiud lb* actunl streww 
in steel and eoucrele. 

tllujitrctjve ExAnipks. 1- Determine the unit fflrews in wltrl and ^ricrete in flexure 
tinder n f^miiiiB nionieiiL of TUO.CKlO in.db, for a T b™m havm£ dimenbitoiu of ( - 2.5 in.; 
6 ~ 30 m 20 in.; pn ■ 0.03; a - 10. 


From PiK^ 


i/fi - 2.5. 20 - 0,125 
it - 0^45, j - 0.044 
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Krotn Ol)i 


KEIN FORCEH CONCRETE 


,1/, m .i JJH m pfjtxfi 


From Bq, <10), 


A 


700,000 


0.003 X 0,IH4 X 30 X 20’ 


, QO.i’iOO X 1) 245 . 

A “ —r::—- 070 twi 
to X 0,7iv) ^ 


- 20.000 IN 



!')□. S4, T-bM!ii rsvipw. 


0.38 
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2. Divijpi u T iMifwm to rfHwt a iminirnt i>f 1^^12,000 in.-Hi. /* — 20,(XJO;/t - 1+350 
Siiidr thr slab thirkruRw, pflfc^Uvp flangr «idth< ond dopth arr u«iinlly delrrmim^d by 
tilher factor mdi a# bc^iu :9padii|{ and ^lii-ar. It vr\i\ oHmiurti that tbu dUiiPiuAuntf 
1 » 4 m.f. ft » Stft inrp d ■ 24 in. have ht^a rslahl^hi'rl. The* nH^igtln# nwiwnt of tlw^ 

i^inrivtc ftiU h<» rln*irk«l hy hrfi- (14) BtuI iKp utrt'l nn^ fnunii hy Et|. (13): 

1/, H X IA'W xmx 4(24 ^ 2) 

- a.milOO iii.4L ^ Ipill2.ll0n in.4t^ O.K. 

1 012 000 


tiavk tlin gtnw in tint aUvl hy Fi|?. 51. Tn uvnimilv tlbO uct-tu-acy of Eqn {13) unh" ilw 
Ihi'^irf^ti^il aiMttiiil of At^\ rvt^uljfuil: 


From Fir. 54p 


tfii = 4s4 - 0.107 
4-34 XJO 


pii 


24 X fW 
0.<I30 


0.(»02 


/. 


LOl 2.000 
4.34 X Dr930 X 24 


IHJOO pai 


Flexure in T Beuns it the SupporL VVlicrt- rurRntiw mnmnnt occun^ in a T beiim 
at Uin gupjKun, the ^teiu alone b ugualliy too fmaH to ^any the Tnoment &s a iicLRly leLo- 
fomd niad b ftetfidraHy atn^niirtheued by one or more of the foHoHing devices: 

1. The eietn is iiiciiituKd In depths by the use of n grsdu^lly iDcUned hmmeb. 

2. The v-ltm is Incrraged gradually in width. 

3. ^?teel b ^iddeiJ Eo the compresgEon area to provkle additEanal cnmpnsaiqve rewtance. 

Tlie first two t-aaes ait» degi^ieJ ta rtM:'tiiiigular btiania relnforrc'd in teradon. Tlie 

thinl alieniativo rei|U.ire# gc'panile eonfidemtinn. 

Rectan^loi Beams Reinfarced for Compre^^ort^ l^rb a bimni may he a T limin 
rwfrtr the eupjrmrb or It may hr a rr^^rnnpilnr \w^n\ of limited pbe. The nviatin^ monirnt 
of tiu' muy In? tlmiiithl to Ik- made up of twn nmn'ifintn na follow at (1) n Mnfcly reiii- 
fontiset [mini wilb Ijeilaitc'i'il fetiiforn^nirfit w^orkirijt at the aHowaMe stnwa [Fig. 55b); 
mtd (2) compreMiifin stwl and additiikwil tenmiin et 4 .*r]p n’lni-b tni^’tlier form im nddi* 
tional eouple (Fi|;. ifcV). In (H>ntlnmiui^ hi^ama the rampr&ssion aU?el nmy be an extenaimi 
of the steel lwwI to regbL in tension, ininnent of dgn at other of the 

member. 



Fin. 55. f4> rSonhly rtdnfnrnrd hearn. wt^^mted intn (fcj a .‘dnaly fWofoT^^wl Iwm pltui (r) ofldi- 
Unnid top nnd Eiollam etork 
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REINFOR€EP CONCRKTi: 


Thf rQmpnpfisbti mcel plaw! ili^tAnl rf' from Itw? i^otnprPMian furp of tin? bpflm 
EliutleAlly, it wmild work iit a (rtres? rqual to n tinwa tlie utrrw in tbf rontrrto fit that 
depths and, oHifinaUy, df^n TormulA^ hjii=efi on thi* stniighHinr tlieor>' made that 
a^Muinplioii. It han eoiiio he rH^ognised^ however, that ihi^ ^briiikEige and pltuclic thiw 
in Uw* CHaiiipre3!#iva t^'nd to loafi (lie ctmipoewion utt^d mitnh omrt bi^avily than 

for by tho promiw of eliwtio Htmlrin in tlio oonrit^lo. Tfmt is, icincc ttw? atraiiii in 
the fiterl nnd surrounding concrete insist rs^iruiin eqmd, the tendency for the concrete to 
flhrink and Hnw umhT eiofluitant sir™* thrown a greater portion cif the IcMid on llte com- 
prriuion ntoel, FortuTmtely, the enn take thU fidflitional loaii if it is aJi'tiuately 
mp^Kirttnl figaioat buckling by ties or stirrups. An idea of the order of niAgtiiludE? of 
cumputial fltntfw’s in compre^winii stt'^d nniy be had by Eu^iiming lypii-al dcHigti prop^ 
ertiw of ills [iiatj?riida'—aay ft « J,350 \m, /i ■ SQ.OtiO pni, ft « 10. Jf the be^ U 
doelKiicd BO that the aJlowable almsB in reached in the p^tn-iru? fiber of the eonrrote, 
then the etmigtil-lmo compuLed in the concrete a nhort distjuico in from the cJttrerni^ 
fiber—at ihc levcS uf the cojiipnii^tioii atoel—wifi lx* of theonler of UOO to 1^200 paii fn-y 
],000 p#\ for il!lLiilratiuii. By the Blmigbi^litu^ Lbuoj^^,, the steel BtrcBs would Lhen W 
10 X bEKX) » I0,000 PbL TblB would Lndicatc, fobsely far the rra#[|iEM BtaledI above, an 
iuefficient UiN? of steel. The 1056 ACl Ccwle coiilainfl Hie follow] ng provijdon wbirh 
rerognirea that coniprewioB steel la actually more elficHfnt than IndicaLed by ordinarj* 
Htraight-lioe Uieoiy' and accipunta for thi^ gn^iler clEcicticy in m>nievrhfit urbitfaiy ffiahion ^ 


^*7081—Compreasioa steel in fiexunl members 
*^(d> CntnprewioD steel in beams or girder* ?dml1 be anchored by tk* or Mtimjipa not 
IcM tlian Lei. Lti diameter npnml not fartiuT Jitairl tlian 10 bar diiuncteni, nr 48 tie 
iliainctcni. Such stlmi^iM or tmn shall be used ihroughouL the distiLncc wlvem thi* eom- 
presfion steel is r£?quircd. 

To approxiniale lli« effect of nrep, the slre*a an compreseion rcdnlorcernent 
nwtini bending may be tahi^ri hi twien the value imiknU^ by UHing Lhc Klraight-liop 
relation betwwn slrcMi nr^l rtmin, ntid ttie modular ratio given in Si^Maon 601 (a)p but 
not of greater value thiin the afiow'jihlc SltTiBB in lerwion." 


To develop design fomiulaH, coaradcr the doubly rcinfcinvfl beam nhown in Fig. STi. 
Let Ifi lUid Ml deMKiupte ilie two ri^rta rtf the total octtdjiting murticnl; let Ai nixl As 
be the atun* of the two fWLrts of tiac h^nsioti stwl referred to; and Ud A* ix the nn^a of the 
comprcHdoB steel. Thciip 

Mt = Hftki^ - A'W- ( 15 ) 

and 


Ai 




(W 


Tlic Vailui^ of kj, and K an' computed from the LVi|Uatinns used for rectangular liejima 
|pftlanr!(Nt ihsiim ITabk- 5),^ Tiw' inomi-iit Jf- must provide for the otrcft* of dir totn! 
rtfquind reaisling moment (M) over Mu i*-. Jfj - M « Mu The fon,'# in tlu^ two 
quantities of st«3 A* and At form a couple with lever atin {d ~ i/'). Thus; 


^ft - \j/A^ - d'J 

FnMTi wliirh 

,4. - 

Ud - d') 


07 ) 

tlS) 


Ttie total required Umsion ateel then eqnab 


(JQ) 


■d* =*■ i4| + .4|: 
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tite net tongitudEiml force in xera. 


47/ - A^Js 


(30) 


udiere // lit the iitiiL *Xtvm in the eiimiFrtiHidnii nK-dr Followirig the ACi Code In 
»4i«uDniijc ih&t // lA ivkict- the value t^jJtifiiuU-^l on llie banU of unit nireH^iet^ vitr^dng 
direetJy ra the fftiiii the tieiiUml Ax\»y 


SubfiUtuUnjg tbifl in Fk|, (20)^ 


U 


= 2/. 


Jr - tdVd) 

I ~t 


ds I - fc 

2 k - idr/d) 


( 2 )) 

( 22 ) 


From Eq. (20) it is item that, if A' ia lene limn 4^^ // in llion. /». Flovever, the 

ACI Code iipc>riiie« tlwt the ntrew in ihe s nmpfejiniun Ati*el/i* Ahull not cxcewl the ul- 
loumble' jvlre^ In tennion. To irutke nure tliut It docn not^ 4^ munt l>e nt lesjt as liirifi;ii' 
jin .1^ cither ?]<ir (22) or tin? requirernoEit ^wrufi the selection of c^iDipresnioo 

reitiftircemerit. 

The Hlxive fnrmuInH nuiy lie iii*ed for i^ijco^ FuttnuliJin fur m^vlewins rectiLni^ltir 
bcmbij reinforred for enmpn^on niny be derived in ihe ftunus nmauer iw thowe for beams 
^^itheiut nueh reinforce men Lp i.e.p u^ing the two iquiklionSi: SMm of the moments and sum 
of ihe thnnd^ eijutil xero. The rtpsulting forrauhta pju 


A 


M 

0(1 - fc) 


2/Ak-drm 

“ I “ * 


m 

(24) 


* - '/2n(p 4- ‘Ip'iVm + M*(J» -i- 2p')* - Uljj + ipT (25] 


4.4D'Hri - -r/rf)(i - •I'/di 
e + jp'M* “ <iydi 

where 

p' - A'/hft 
nnd 

Af i * 4 i/^fd 


(m 

m 

iW 


TInw fomnitiiJ* osiEnme n dmiFijed Wtie nf thr eompniesion sieid eliroi und hence 
are oot Bppl icRhle if I he iillownble slress In tension. A itinifniiii hwstvl on Eqa, 

(25) and {2ifi) ia plcitled in Fipf. 56. 

\Mien the critjrrd aXtwst. In the cOrtipfCrtlive steel f/ ii* to the nihmable 
or // * /pp then this. (25) and (26) tuNVime 

k -• V2n(p — Jtf') - p*)' — alp — p*) 

nnd 

, k* - -tni - (ri7rf)j 

^ “ Jt> +ap'nfl -fc) 

VntupH of j may hr liHermintyf front H’ifi. 57 nml k from Talilr fl, umn^ p — p’ for p 
rin™ Rq. (29) ia oUii'rwim' similar tu Kij, (7), 


(29) 

(30) 
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i- IQ. 5G, liortiixi^lKr hcjiinji reinromHl for PwiipreiMioti. 
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Iltuslrtti« E^ple. A nvtflUjtuLu^ k'«ni iit t<S in. hixI X> in. dft-|j ovi-falt Ritd 
>» to rarij 3itiOO,Q(10 in.-ih, Tllir fiPMii di oT d'.nao pdj coneit!t<> (/, — l.jJoO hihI » - 10} 
htMi Ihc n?inrori^iu<:nl B intwimjiiiHln (trodc [/, - 20,000 pni), IVumiinf^ thr 5l«»l 

rtNiuir«-ni4-nU to ncHraninner with AC'I JluiMing CimIp (Ri-f 1|) 

■ f"*!" top Itnd l^ltom to ei-ntrir of «t«.| 

n l,& + 0.25 (I:lu) + (I,S0 (hiilr tip|rth of Uir. jiasiimPtl I Jn.) - 2.25 in. For tb» aww* 
nfiAiiy Kowu uw 2.0 in. 


AlflOp 


Af| « 

- (235J(Hi)f2«)* - 2,ltj0,0(ia in.db 


,\ri« of tpiisilo #lwl fur bnbiTim] r«iiiforQi>mi'tit (to prtMiucp oi^Rn, of 1 350 wi 

i.-n^ti5 tnl^oEd ccuniprffififian jitoli), ' p 


in nstn- 


41 ■■ 

- (O.OI3dKHiK28> m. 
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Valyas qI 

Fjg. 57. Rprlniini^lAr ItflutiiSi nebrutwl for winij-pcwiiitjii (twiipod nh/i' * AL 


QiDnii^nt for which su'd Rmi itiiditiunitil arc rif<|iiircJ^ 


By Kii, (17). 


.l/i - Jf - .V( 

- ;t,liiOO,OaO - 2.!iiVO,OnO - IJiiO.lXWi in.-lb 


tiM.ona - 20.1101).^ ;(2K.o - 2.0) 

1,25 in« 


ii.Vl,l)(MI 

“ iao^rtiflicaiy 


ANfmiiiiiK/, - f/ - |wi. A* - Aj and Lhr cDiii|in.^iv^ - L25 wf m., aiui 

fotut tciiHiJi.' sitiHil ■ (t.lD + L2 p^ 7.3n^ io. 

o.-WS - (2/28) 

/: - (2)(20.0G0) 


1 -0.403 


22,200 [>«i 


TbiM eKf^wi'? the 20,000 \m pertnu^bliL Tfw fun'-jt^Hnu £u[utiuti m^iis iwrrect^ and thi# 
Htcp WB« 


If bocflui^e of liiniMiljDiu^ or othi-r im^gulariliw the anus of utivl f4upplk>4i 

fliffcr rorw?klcmhl>' from thoi®c rFili'iihilc^i^ the iiu*v \w- ehi'^-kni milltiml 

hut I^iielk ft irt nin*ly O-crfwain. 
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REIXFOKCCI) CONCRETE 


ShfrAring Stre3ie« hi Remfwfied Concrete Beems, The luech^iik-ft of lioin^J^neouf^ 
lM?ani!j i^hovn tirtt the wtreMPH duE' to moment and ihear may bt combined nl imy pcuiit 
in K beam to produw a teriMon and a t‘omprL‘«rion aelinj; iHfpeiiiiiculpiLr to earh other 
Ttiew are caltcHl pHooipnl stroswe^. Figure 5S fhova the dinsrtimoi gf Ihw prindpd 



(a) Futfi bending 




Diat^^hbted koad 


Fio. AQ. piu» or pHndpeJ tendon and eojn|iKM«ion for narirme loaeUciif^t, FuU tiqim art temion 
brokm hoM comprvfl^oii. 

strww's for wniP lypi'^wl ntnw of Inmliiig. U iijtftifKamt tliat, whrn r<h,?iU in piesonl, 
tliw liitw bKonw ht-nt ami at cvilwn fjointn in u brooi are dknjpmally incliitod. Mon- 
over, in ronorcU?, Ihp prineiiial leimilv jitrEnsni may pmiutc irai’kiiitr. fiindiitn of 
thf enurJ: fteiaif the «imf ot iKt ifinrcirfla of iht prinripai romprniatm wjrtm itt the point. 
Hi™- incllDcd teiuioiw ttiT coniinoiili' rpfcnwJ (* a* Jiagoiml Unnimt; nmi mnn- ihey 
atf inoUnod, owinit lo ihp pmiL-iif).- of shear, tW leinfom-menr hKnin.il them i« mIh a*- 
soeinled rtith shrnr. Apt mil |.hnir is seldom nn tmpmtanl faetor In winforoed eonewte. 
It in ttie diajfoiuil lettKion nhirh ncroropnnies shear ihut n.'quin# n?itdorremeiil. TKr 
lerni shear is uniTenmlly l«l towdy used U, indimle |}m iluiKOfuil letudon Ihal results 
from Ihe Jibear 

.\lthnuxh the rorvKoiiiK u only ituhlilatlve, it w suffipienl la show that in nntny rases 
it is i]eof:<nBry to provide rvinrDroemriil mmsiiiK diaKondt-tunnion enrks mid seeurrly 
aurlh^ bb each side to rany the duLKOim] teniiim which tlie rgncrele is lacBpable of 
resisting. Tim nctoal imi^lmhira of the fnirnalion of iJinKotkal-teiiifon craeks and the 
manner in wtioli the strol osstunra the kwd is irtiil nut rompli'tely understood, Jt ii 
nimplicat«d by mam' things, antniiK them the shape of the eroiM secthln, iht type of 
toBding, and the nmount of longitudinnl ste*l. The rormubu in eutrent me an? based 
on vory aimplifieil saeuitipllnna. euid atlhuuglt they me norimiliy adt.'quate, recent lent* 
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and, pei^pa ttmrt ^Kh^ieiuitp retiSQt failumi CRef. 12 ) nf stru^tuM wlilrii utmv 
►‘IpiMi AcrqrdLnK I* Kt^tuL'Emlly pm^ticc yflt flhowwl dini^niil-tenBjDii ffvjliLnr+ hnv^ 

pointed up fbe nmt for a morr niGcmjil proccdun'. U in likely timt the near fmure 

will see mdicnl c 1 hA^gI^i 1 In ijr^g:£i tetethDrU for rt^jling diagiunnl ictinidn. h it uii|Bo^h1r 
to ovcrtniphfUQEe the impoitAnw ot diofconnJ-teiiflion ruioforinrJtieiiL It is^ perlmpf^, 
the subject of the mevt important laIrfM-atpO' rtsK'-aficli in rr.inforc#d ronnirvle tunnir 
i-iihdutted hi present. of this unsettled ntatej mnpy deiiignen! belipve ii a-ipe 

to bo eofinervative in providing diagonfiMeTiMon rrioforcetnent and to Include fit leant 
naminal web reinrorcement thToughont the length <d » beam, nvm when the conven¬ 
tional appitnch iiidieAles that Lt in uontMTeiPary. 

The copvenUonal formula for the sheiLr as a mcamre nf dingoniJ tension in a bt^-am m 


r 



(m 


In T beanie the stem only in avaitable for nh^r reinforcement; m b* the stem widGi, 
rather than e<hould Iw tined. ft b norlualily miftidently ueeurate to a»qjme j % In 
thia formula. 

Reinlorcemenit ignin^t Diagonal Tensiaa. The ^taL OMeihtial in prev^enting diBKonab 
tension failure is adeguatep weH-Hnrhored, Icmsitiidltiai steeL Sinee^ in genemi, the 
failure would tnke a direction upward and toward the center of the apatip (1) vertical 
Htirnipd or (2) diBgomd Bllrrups or (3) inrlintfd baniK or a eombliiBtioa of tliescp serve as 
loeafts to rumfo-rre ap^insl such a failure- Pigtin' oO nliows lypieal bar amuigeinents. 



I 1 
I \ 
f i 
^—t 


t 1 i 

1 1 1 


^ r 

> 1 i 

11 o 


•-1 





Fid- 5^1, V'ariHtriti bar arranRernrnl* for TroWUna hinptimt and shear Htreewea. 

The 105(1 ACi Code requu^meiita fof dLigonol-tension ruinrorceftietit follow. ThfSt' 
account for the fact that Uwts bav«! shown thst, in anme ctuiftHt iho coiimle w^ill roBtsl 
shear even though the convenGona! formula wiTuId iodicaie a cracked section. 
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aE[NFUitC.'El» C'ONCllE'rE 


" BOl—Sl]<iuin£ vidt Atrc^ 

The ihe^mng tinK i(tn*zw mpajcujt? flf tlinROikhl t^udoiin In n-iftrurc-vd raiirn^lc! 
;Af3£Uitil mehdH?!^ hKihIIi I}4« cdrq.pulHJ hji' formula C^}: 


V 


m 


'^(A) Fof iK-jjiinp I- or T’^tUuii^ &■’ hIuiII tir *iutMtilul4xi Tor b in rormiila (2), 

**{c) 111 eonertte joist floor construttiont wfttre luLniixl eby or r»t>ucretc tile oir urvdi 
h* may Ilf tnkcij as a ynthU (‘qunl ta the lliiiikiit^ of ihn coRrrrte vt-h plus the thLiekinw 
ol tilt vcrticiil shfUs of tbo fonrrptf" or l^yniiil clay tile in with iIia) jai.il jui in 

Srs lien 70B(b). 

*'(r/) Wicrever the value of tlu^ Nheariiig □nit stnvtfi E-ompuitHf by fcirmula [2) 
the shruritii^ unit utresfi rr iM^rmitlinl nil tbi-concrete of im iinrH nforctti weh tsw Set t ion 
wuli reinforremient rIuiH be pmvkltd to mrry tht uxetaw. Hueh rrhifarrement shnh 
nL-w bo provided for n difftAnoe oqtml to the iteplh, of Ihi^ meiubor buyond the point 
theorctinJIy rec-iuin^r 

"(e) Whore rontiiTUou-i or renttiuiii'd hpsmii or fnimrs dn noi bavo a, ahib m ohjtI as to 
provide T-ijtnin aelion, the followinjc provisionsi sliall apply, W eb tt^mrorroment ttlkoll 
Ibf prnvidcil from the supficirL to a l^eyond I he ejstronkp po^itiun of the ismiT of 

infiectioQ A distnnee ei|iial to dlher l/IA of the plear spon or the depth of the membej'p 
whichever is greater* t'Wti ihough the sluing unil sfows does not exceed i^ Such 
reiofotrement eiball be desigaed to cEiny" at least iwo-thirrbi of ihc tolii] shear at the 
nection. Web reinforcement ^11 be provided sulfieifot to canTi' at le^tuit two-think of 
the total shear at a BCelion m which there k negative remrorceraeat. 

■■802—^ype 5 of web reioforcemeot 

**{a) Web reiuforeeiiieat may eoDsiel of: 

"1. or web reinforcing htfu^ peqjemlic'ular to the longitudinal stecL 

"2. Btirrups or wtdi reinfornng Ijtirn wiltlwl or uthmiiio rigidly attached to dte 
Inngitudiiial Steel amt making an angh* of 30 deg or mon- lhen*li>. 

■■3. Uingiludiciai ban? bent mi dial llu* aTcis of tln^ tneliried portion of the l^ar luakin 
on Angle of 15 deg or more with the pjck of the lurigitudi An I pnrdil^L of ihc Ijiir. 

*4, ispeetiii arnuipEftniifttM luif* with ailiijuikte provkiotiP to pn-vent !iU|> of \m^ !«■ 
splitting of the rnnerete by the rcinfori-iitnfiil (see Seciinn 30-1 (f)|. 

*'(5) StlmipA or other tmrs to lie eonsklerefl uffeeliw as wpb ndnforci-meiat s^mll In* 
annhoreti at both ciid^ acronling to ihe provkiorLS of fksMion ‘KM, 

“800—Sdmips 

Tlie Area of steel rr^tiircd In atirmps |iljirf>d [H-rfHmdieulftr lo the Jnngilqdinal 
reinforcement mliall i‘fiiiipufciJ by formula (3). 

'• -B 


& 


*'(i) iDcUnnJ iiimifm shntl 1)** by rurmubi 804 (d)], 

*'(c) 3Mr™[to |ilat«J m tln! lorbgjludinul rpiTiforirnii nt kIuiII imt >* 

iiflpj alone nil wi'li n‘inFort'rTiM!i*( when llu- HhcnriiiK unit ntrt'mi, i., t-xmtiiiK 0 0^' or 
240 psi, • • t 

^■8lH—Beat bara 

*'la) Only Un* rtinlri' tluw-fourtlw of Ui^i inriitiiid portion ul nny loiijtilttdinAl Iwir 
(Jui( if built up for well mnfottrnu'rit HhniJ fm I'OusidorEd oUective for ilmi iniirrMn' 
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iukI iftjfh harp aKdII bt Ijenl a pin Utkvin^ a not I™ Lban i^u! timi-s thi? 

dxp. 

*'ijb) Wboii thp wt^b rtiiiifon^cnirHt roti^wlfl of ft Pingli' lit&l Iriir or of p ip^up or 
pArjUlrt bare ^11 Iwnt up at thf’ fy«iir cJifltuntie from ^hf^ supixirlp the rtqwittd arei «if 
pucb bira 1111111 be computed by Formula (4). 




r 

fw pin 


(4) 


"{<^) fti formula (4)^ uot 0,04 fii^p or 120 b>jfL 

*'{d) Whcrti there w n eetin* of panillrl ham or jcrouri^ isf hum bent up ni diffemit 
diptauccA fmui the support, the rw^uifi-'d jut'a »\m\\ lie ilelemiinoti by fomiub (5)» 


^ /pjrf (sin o + foas Of) 

**i€) Wlien bent hfirs Kaviiii? a mtliUfi of lieml of nl least Ats bar aiiiinetem an' uphI 
ftWe as web n'infon^nmutp they *\ui\\ bt« f*o #piw'wJ tbat the elTeelive ineliiu'd ponioti 
[iFs^rribcd iu Seelion Si>Ma) tiseet^? the n^quinjiicirU of Hwdoo S®0, iind tlie allewabk 
phtMiriiip itnil alres8 ^oll aoi e^t-ecd 0.0^ f w* insr 3240 p,4- 
*'(/) Tlw phrafinR unit str™ pemiUt^l wlii-ti Ft'^'^iftl amiiijot'menta ot tmm are em¬ 
ployed shall Iw tiuil deU'rmiiii^l by mahioii eomp^initive to dr^tmetion, of sped- 
menii of the propo«?d nj-stem nud of s^indlor speeimi'iis ndtiforeed in jxmfonuity with 
the prosTMons of tbia code, the t^me fm ine of safetj- bejpj^ applk-d in both 


’■SOB-^oiubmcd wab reinforeemcnl 

”(ei) When' ttiote llitiD one tv|je of n-infon'eaii’nt » used to reinforte the sianie r«jrtton 
nf the web, the total tsbearinK nwstanee of ihis portion of the wrh hIihII tie ttSHumed ae 
die sum of the flhiaiiuft reflistniii't's eom|Htti^ for I he Tonuits t_vpr3i W'pnnitely, In njeh 
romputalioiiH Itie ahi'aniiR nwielaiire of the tfocien'te stialS be irirluiJt'<l Wily once, nn-d 
no niie type of reinforeemont -ball bt' os^uuied to more than 2rV3. 

—Maximum apacm^ of web remforeement 
“(ii) XVhi^T^ web reiiirnrerment he m|uired il shall lit mi spaml itLat ever>' 45-deK 
line (rrpns.enlinK a fHjtentmS emelf) exit iidinn from thi^ middepth of the bi-ain In the 
looKiludinid tensinn ^imW be erow^'il by nt least one IIoi! of w^-b ndnfon^meiit. If a 
aheannic unit stn^ in es^™ of tbflfi// iw n-sed. eveiy- such limi shall be rttewed by at 
leoj^l two »urb iLnee of web n4riforn.*iiii'iit. 

iL^^IAioinium web reuifortemeat 

*'Whi^re web rdnforcehieid is m|iure<b the anicrtjnt umhI shall be tmi leew tlian 0.J5 
^wrrervl of the area coiuputeti the produi4 of the w wltb of die uiembtr al middepth 
ami die horiiooul apneinjt of iht? web reinforremenr, 

'^^80S—^heurtnfi stresaes in Hat aiabs [Sw Section 1002tc)] 

^'80&-^heaf and dift^onal tensjou in footmg£ 

“(o) In ieolnteii foolintp^ die ebL^rinjE unit l oin^mbHl b^' fonuuhi t2) on dn* 

i^ritind section [mv Iknliofi 120Sta)l eledl mil exceed I>.d3 // nor in any east' shnU it 
cxeceil TS p«i,” 

In arin^nt tNt|wr (Hrf. ia)p VVhitiii y oml .. . dud to tlu^je siaeilicatjous 

bo aihlrd die rolluwing: 

"Web reinfom'iiieiil shnll Im- prn^id from ibe Mjp(wr( to a Fmjnl Uynnd the ex¬ 
treme position uf the pciinl of illflw tiun n dislnn«> rt|Ujll lu either «f the eh-ar npuil 
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or ll«. .l,.pih nf the whirbri w ic (tn.iU'/ twh ih^g^ tb*. da-aring unit .Dwi 

diM aot rxMnl V\ i-b mnrorrciwnt hp provided mt ev«r>' wet inn in wbicli nt*^ 
ftUvn mnWtnrnt j* r«,uii«i. V\T.nrr n.,n,i«d by thi, parmK™rh, ihr, nnimjat of wrh 

**f “*rnquiHd by oiH. of tiK. foflominK: 
L lo Him- ^ rjf ttii» total fiinMkr uiierv thu* unil r , 

"2 SuffirteM to c^. ^ of fhp tot«] rfa^r owning jir tia poim of infWiioii, tli#i k, 
to "■nifonampnt rptimrnl nt the point of inBeilion will be naOntaiiad baeV 

“3 Not Ib* ^ ai5 larvcnt of the nrvs cojiipuled na tlie pr«Juet nf the widtli of 
tnember at middupth nnd the hori^ntal uporuig of the web reinfoir^mont," 

Bond Uid ^ehomiBe. Reinforremeiit ™ib«ja«l in concielr is gripped bv idlawoii 
wid fnctionnl or lug iwwtane,' to nliding, know., u W. Wbn, fitoTlI^t. .u^p^ 

in a beHiii, there nimit bo vuffitirnt bond be- 
tworo the cpDcreto and atrel to prevent the 
bars from nlipplng relative to the oonerelc 
wbei, 9tre«e<l. Tla bond *lw per square 
inch of bond atufnoe a^y be delermmed as 
fodoKP. Consider a short M-elion nf bean, in 
which the bejiiling ntninent ia higher on the 
risht'hnnd face ttum on ihe h.-fL Taking 
niotnenla about the point a (see Kig. do): 

(T - 7’'J>d - \'j 



T - T 


r 

>f 


Fio. fit) 


But (T - T) repnsfulji the forte which Rinds 
to pull the bars Mil of the MSnrretp in n 

lonr tirr l.^b bfm. "ivjj Li "',l‘ 

“" ““ ■*' “■ 

. _L 

*■ " IV t32) 

Thf* .iqiuiiion applies In stw] in tension only 

b.™ .>1.1,11^ „„a;„ .1 1^ '''“ 

ptillinR the twr out of tlwt portion of tlis * ^ tfevelopeti without danger 

lieam. bikewiiv, the force T miut be di<- e 

veloped by adequate total ancliantge in the 
cnnerele on the right. In many nue». this 
anrhomge is developed by the itieiemental 
bond Sliesses. In the sin,pie unifomilv 

hwilHl (irom rtiown in Fig, fii, „s«yni^ r„V 

the imrp.wF of i| tusi (stion that tj,e teifilonsi. ■, „ 

r |<3-, fl-l 


JJ-J-L-i 1 1 1 rrrrr 

j is;' ; 

* -- 

... 

? 
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meni ij ih^ tm tlw enlirf Ifn^ ^ n orkin^ Ht tin* full idtowatiJu ul 

pciinl /f. Uip i‘<>nter ll&^^ Al A tlw tnnflilt* rnrrr in tbp of viTy tnwiiltick' 

and will l«f dpvplojspd by ji ftomiiml amount ttf pcnbcdniPiit ui the benm over Uir ™p- 
port. Since the rhwr ii n mnximum at A, ibis wilt tie tlu' prifk*al eretiou for t^ond. 
If the bond ii within tlip allowiihle fit Umt painl—and ctuiw^^uniitly nt nil other 

ipciinlii—iheo l.hrre will be a Rimdiiji] builEhup of fnrei* Ln the tmr, nndn. if the diFtnure 
U-lw pen A Jiiiil B w iruffirienl , the full jitlowahle forri* in I he bir 
nmy be developed by bond IwfniT fbe r rilienl perl ion H fvjiehed. 

()n the other tinrvd^ con-hitler a esnli lever benm or alnb pfojrrt- 
ing from a wjiJl ftp m Fijf. 62- The niaxinaum fitir forrr will orrur 
ui J9f, Thia force intL^t be developed between A anrf iK ataLl ali^ fi€^ 
tween B and C- Fni'queiitlyp it will be found lliiii, ftlthough I here in 
au^hrient k-ngth b'twt'on A and /f lotlevi k^p Thip force by npranal 
bond, the huf^h of etnb^Kiracni H oekI V w Umiii'rl ipmy tay with thirknrtf^) nnd 

The prnpiT nnrhnni£;i* on that pidr must be devtloju'd by htinhA nr bcmlpH or a mmbirui- 
tion iht'f^ BJifl brand. 

Another place in whirh bond pineawt-f^ ao^ of imprirtnnce ia in Ppttcjfig bare. If pplicep 
are not nwifl by dimrt >Aeklin 3 ; of bttoi tainetb-r, ihtn the fnrw muct travel from one 
bar to the inlen'eTainn connvte by bond aiid then by triind aKnin to llie other bar. 

To develop the full jatr^-ni^b of a bm- in bund—in cither anchoring or splicLag—the 
length of embedment, or bp f mmi be pucb that 


Fia. ^ 


(33) 

-|u 

For eJEauiptc. if /* - 20.000, and u - 300, then l/d - 2fl,«OCf/4 K 300 - lO.Y, oc the 
fjmm miiflt be emUdded nr Uppv^ a ilisiiuiee equal to npproatniiitely 17 diann-teJTt. 
A iTion* c^ahficrviilive value is usamlly uflid tn't-auw'* of the foi't that thti tKsnd stniriwtH ici 
»ueh t^Ts miv not actaiAlily distributf^i unifnmily tuf iDeiumi'd, hut piiak at tar the vnde of 
the ban» or cuihcdding naeaiium, and aliwi Ixacaunf * Ixand or pullout failure nan bo very 
rritac^. It in also ulK^^■^Ii^dah^ to wunt an tlie faill nllnwahle bond aln^i^ being de¬ 
veloped hy eoiicii‘te lia tension of ihe fart ihat aurh eonerele may bo 

i^rac’kf'al. 

Further landght into tlie tlinortncfti and fliuLaliaritia^^a between bond and anchorof^^ 
fort‘on I«an be galnocl by a sttwiy of the two Ijoaaaw s^hown in Fag. 03. Assuming the same 
width, effi'ctivo ahpth, stef^l nrea, larwJ, in In^tn % end p\aUm MuFfident to anchor the 

endp af thf^ Hteeh Iha* nrsotting inomeiat of the twu 
iH^tinna is virtually iik-ntieal oven though in beam 2 
no ftond fnfnrtH nan l>t‘ c|eva^lo|ied. Tlauj, mfetiunte end 
nrichawTige enn cfteun' rocnpleto ilfvclopment of thiO 
rvinforremenl even thuugh janrnual bond forecp are 
(2| itaariivi-. There an" iignilliiaiit dafft'reni'e« in the two 
mrmtwre, howi^ver> Ib'ani 1 act# an I he iionnal, rea>Kata~ 
fthly pnnlirEahli' wny, with the total bar force heing 
dcveb|H‘d gitidLually iti accordance with the ncetk of tlai" 
landing iiiunijen.t dingmni (/* - A^D. Iteain 2 act# ^omewliat liken tied arch, 
and the Lmr force in the steel murit tie eoTiKlanl aver ihb whole #pftn. The action Ip lew 
predictabltH but it k probably tme that imini 2 will dcJlcrt more ihora I under n given 
load. Jn recognition of the value nf end am’hamip', prr\doufi ACI jipecjfiratinnA allowed 
liighiT dw ar stiewa where fl;faceinl afaebarage in tJic form of hooks or bar e^tenrions waa 


Fin. ^ 
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rmvidni. &jch unchnrani' htu t^wlftiryp wlinn rnmhdni'fl uiUi l)Ofld pLrcM^, to 
blif' Elf bciamn. 

Thr ItlSfi ACf Cmli* n>quin>iiirntj< for ^kond aikI AnrhoniRi^ iv fo||ow^l: 

d » ili^pth from roinpri=i^iEm fH4v of tn-hhi ur ubiti lo 4vnirEdd M lokiidEiiiKirin] 
n'inforr^'llkPnt 

f/ “ roliipitwtivi? !flrf|k|elh of poiirn-ti- dt a^- nf tUyu olhrrtvbif* 

j = ratio of di^tAnor; bi'twppa ^\"nlroid of fi>iiipr™toii miEi c^^ntTOkii uf ti’nidon In 
l1ir drptli d 

^ujii Elf p^-niiirli^irp of flam in ofu^ Md 
u « khiiiEj ptnw Jat unit of surfiun? an'a uf bar 
r ■ lotal jthi‘ar 


^^901—ComptiULtion of boad sirf ss In beams 

111 Hi xufaI m<;iiiWfe in whicli thi^ tfnsik- n5inforE!t]monl Ih parmllol to tbt- eoitv- 
pTraBtoTi fiu?p, ibo bond rtrijw at any chhw mtUuh sball tie dompnte^l liy fomilitfi (ll). 

V 


—ojd 


m 


kfk wliirh \v Ibi^ r^litwr at that af^tlou and lo In tnki^n as lb* pi^rimidrr of nJl t-ffiviin* 
fiam fnitoiinie Thi- pH^rtbm on thi^ u nKion skir. Bi^nt-up Vmrs thal are not mow- lEiuii d/a 
fivkin ihi^ k-i^S 4iir ibr jiLain loiijptndiiuiJ r¥'mforrt:>uieikl nmy ho inolydi-d. Ciitififtl soft ions 
oroLir at lb’ fan- of ib‘ supturrl, at larh jKklnt wlim^ ronHinn bam tortnlnali^ witluti a 
npiui, anil ai the jwjinT of iiidtHrEiDii. 

' tfr i Ikpuil shah simklHrLy roniptitod on ctmipPLt^kv'i- reirkron!i^int 7 nl, but tbi shear 
iisihI Ilk i^hm|iutkty4 lb- tninil shftlf nsiucod m tho ratio of tb^ romproHeiiw foreo ate 
HTlmnl in tho bare to the lotai htfro at ibe sertinn. AnehoniipH shall hio 

pnivkdrd by i-iubdiiuEil lani lb' n^KtUm io di vi'lop tho assEimi-i;| n^mpniK^iYo fom? in 
thn bam at the bond i>iHws in Tdblo 3l)d(4tb 

' ((!) Atii-f|iiato i-nd imrborafii^ sfuill Im^ pmvidt'd for iht* toiwilo Trlnlur&.-Ka.nii m all 
fli-xumJ tiHnilM-m In whirii fommla m Jmhs nal; apjdy. mirb as slopp,>d or facu'n'fl 

hkoUnicfl. hrarki t^i or bams in whioh Tb' tonaih^ rt'biiforiX'ioii'nt y i,ikt fjflmhrl Io ib- 
rompn-AsioEk fari\ 

—Anchorage reqttireineots 

"(rtt Ti'twili- iK'BniiiT- rcinforirrai'iit in .ny (pnn of . rontinuniu. «t t^nnli- 

kvtT bnun, or in «ny mi'mix r of a rinki fmmi- jJwJ1 he ade^iunli-lv ii(icbf.r«l Ly IximJ 
hook*, or ni-chnnimL uiriiur* in w thmiifh ihe *tiiip.irtihK nii-uih>r. Within any hui-U 
*p»n every- n'infr.mnK b«r, i-vn jjt in a lapp^l iipliiH-. n in^lhcr n<<|ijin^l fiir positive or 
|..-Kativr r.-lnf.,rcvnn‘nl. jOi.II U- . fli-wh'd nt kfml I.J .Jinj™.,,-™ iN-voniJ the point nt 
n'hieh It M no lotLiiii'r tM^Inf to rwMel etn,w, Al k iusl om'-thSnJ of thr- totni nMiifnrn nieiil 
pmvWixi ftif n,‘JEative tnomrot At llie puppi.rt Alioll be eK!et«lHj U-VOnd the «(tn-nie 
poNtloo of iIh< point *4 inilertion a dirtinw Kulfieienl to develop bv hood one-hnlf ihi‘ 
«l!oi^<,1e ett,-» in vorh fwre. ttirt kw (hAii irU of f hr- tli-nr jpan ionph. or not kw Ihiu, 
ih«> depth nf Ith' mt-rnfAT. whieh.-ver i* gr^u r. The t. lulrin in mnv bnr At Hnv Ht^Io,, 
pn^r^y develoi*.^ on ,«h eide of lhe«.^,ioo by hook, l^p. nremlM^metil («. 
.v-efumjtwi). If pn'f.;rm1. the letr m.y be Ia-oI ner™ the web nt no of not 1™ 
tlwH IS d,i 4 with ( H. lonBUudum! portion of the hor »nd bt- ™«fe motinumie with the 
n>(infurnwrd whkrli ruauiu moinifnt of uppcaitk.- sii^i 

"m Ijf the Ii^tive Woreemenl in eontinuoti* not le*. ihnti omsfiKirth Hw- 

rlHdl extend idonc tb,- wne f.ri- of the b^i into thi- «ipp.,rt n dirtAnee nf 15 in. 


I>E31GN FOR VhEXVRAL LCMUlNli 


7 m 


**ic) Tn siiDph* N’*nv*, i>r jit thr fm-ly ^uppc>rt^Hl i^ntl nt anniinuciuit Iwomsf, 41 U*w*i 
one-thinl th*' n^i^uin'tl prenTivc n^in^o^^^!FIU‘llt ^)mll lU^ng the MJthj iiu^ of thi* 

tw-ain into the pupp^rt 4 dwtonrp uf f» in, 

—Fitin bMZ% m tenslan 

bar^ in ifiimion jttuiU ti-muiuLtr ip siiimlanf hoolps ex^^i-pf I hat hooktt shaJ] not 
hr requir'd np the pewitive- JT:’tnfiirnr’‘ipf'nS at iPlMipr njpportff nf c^ntinUDUit ipemhi^rfl. 

^^90t-^Anchorage of web reipfpreement 

Tht^ pf bar» formiPjE ■nniplu L^- ut pillltiplr AtirTuiii^ hi^ oiirhEinyl bv unr 
pf thr follnwinjE piiithnd^L 

^^Iht By 4 iiEtfliPiliiLnJ hiHik. eiFiinfcih'Pil 4^ EicvrlcFiiiii^ JUpflOO pit], plpj rmbifJnitL'Pt Hrtiffi-' 
ribipt to ilrtE!^1op by IhiIiiI thr ifi the bar al iIm.' Liliil EftpriH sipwi&^d in 

Tabk^ 905^41. TtiL' effeetivt' e ElllM^llh'd oF A lk'g£ sr^hall bi' I4kt;-n a# thi* du- 

LaPnr bolWx'eP the Piidilt'plb ^if thi' liK>nfll Anti Elbe tiiTip^'lJt rtf thr hijok^ 

'^ 2 . WeldiufC Ut lotLKitiiElipjii 

''2. Ek-iidiiLp^ tightly aniurhil tht^ lon]dtudiiuti pdiifoin^nu^i!t thmyKb nl IrEud I80 dej^. 

"4. Ejiibe4nk^ji( Jihovt.^ of Ix'Jnw i h-:- rnitlElrpEh ibt' tw^nni on th 4 ^ c^'unpo'-f-tttsn Mt|p, 
« fltirtAnn^ tiulbeieEii to dt'wlnp thi' HEn^ws to wbifb lliH^ \mr will Iv at a boEid 

of not tf4 t^sm-d op pUdn buj^ nor O.H>/r' on di^formid tiar>, hut, in Jiny 

€»iK^ a nhijijmmn of 24 bar djanjt'ti'r^. 

fk-lw^t-n tht^ unrhowi eotiup rarli Ijond Iti I In* i-filitinumii^ |M»rtiim ifcf 4 U. 
rnidtipk^ U-HEimip sthalt hi‘ hojuihI h Iuti 4 diudiiuil Iwtr. 

tlocblcing or bnndioR BtirruiuH juruuEkd thu huiidtudi Eml n4iilum-n;iLt|iit hIiil[I |h^ 
ntrL’citjon:^ rffoctivt.* only whirn them'' Imrtt atv p(?rpi.'ndfcilil4r to thu Ipngtixiitiiiiil ruin^ 
fBinvnH^nt. 

Ijingitndinal Im'PE to Htt wt4k p''inr<invniri'n I 'heillf in n O'lpoii uf torution, 
be (^^ntitiiiouB ttilb iIm? kiugitudiuol p^nfornn^nn'nT. The lenrile slre^ in iwh Irjar jihnIJ 
he fully ilrvi'lupod in t>oEh the upjJiT hthI iho lowt^r half tkf the flpecifk*il in 

^HiorifMVfU)] or904(nl-S. 

tn nil E stHL'F welt p^nfojvenn^rkt 4tftll la? earrirtt ok eltia^ to ihe t'onipo'ft^ipn nurfm^ 
of the beQiti 4ii^ EirT<priM>Einit regutatioiu' acu! Ilwi pra^imity of olbrr Mrei wili 

^i^O^—Ancbortge ol bars in footing slnbfi 

Plain bsir^ in footing nlnb^ phjili Itr niirbriml by tneaiifl uf fltnnilonj hookr. Tlio 
itlltrr ftiroji of tliE^ liociku aiiEl Ihe ellilii uf iEt'lonurinl l>lkrK F^hnll }k* noE \i*m than d- in. nor 
]non« tlkRji ti in. fritnii ihe fnee of itie booling. 

■■90€^Hooks 

^*{a} Tlie tE-mif! "tiix>k'* or 'VtajidaT^i bEnsk"* itfatl hendn iiluill inejm dlber 

*'l. A i^tinplele Hrntieln^nljir Inm with u nnlite* of iteriil on Ibe wxui of tht+ Itstr of n<pl 
\h^ thni] thrt?e and not more thim Itar liiamrlentp |j|uFt an exteiL™ii of at Icnet fon^ 
her diflmEyer^ nl ihi^ fr«? end of the bur ^ or 

^^2. -A ifOKleg licnd liiivEng a tTidtin- of tint than f(H4;r liar dinnictew plu-t hti ex- 

leiiidoiL of 12 bur dinmelervp or 

^'3. Far atirmp imthortige oiily* a l^^ieg lum w ith a miliuti no thiF n\\)* of the bar 
of llkPxi ■iiH iinHtnr* plu^ oU eA't<?Eoihek nf nt leuel d.X batr duiinelerH at the free ^ikJ of the 
ItAr. 

'"Tlooke iuLV'JEig a mijiu^ nf Itend of mvtv than }4x liar dhuneliTH F^^lmll Iw f'orpijilen^it 
mnndy aa i-steni^ionJi to tiie ham. 

Xo iiook rihnil fie iiiwllltirEi to earry 4 * have! wliieh WnEild |irrMltnt* rt Mrn^ 

in llie Uw ihni’k 10,000 |iei. 
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RE[NFOB€EII COSCHtrfE 

"(c) Hooka i^yiil not be c'iinjqdvml tn adiiliiR iq the wniprundivt.^ nTd^tAntci 

uf Lriu^. 

*"(d) Any mechiimcfil Uevire cnpahle d devt^lupini; Uu- ^lirnglh uf tiw Utf wiUiuut 
ilumuft^ lo ihi? ctincrpte iimy be uwd lu Ik-u of u hooJi. Trst# muisl be pn-«ejitet| Lq stJiow 
the Adcqlluey uf wuvh ijpviep?-'" 

The ACT Ccnie RptTifiw kwer ulIqwi&blG liond for hiinp thim for otlier^. 

Thki IP primunly betniuf qf the fncl llmt ubi^q rfineretr ie plaml Euqund Uiix whieh am 
in the top ttf n form ihero ip Ji tencteiiny for Ihe rtmerete tie ihe lower mh ii> pull awuy 
from the hiir m it seU* up ftnd shnnlce, leaidiiR immll voids imder thr liflr and dintruy iiijc 
the udhewon locnHy. 

Detennmptiqn af Momenti ted Shetra in Reinforced Concrete Bciins. In mvliT 
to liny I warn, it h neue^ry to know the niomi^iit^ and Phi.iini at tlje irriiiettl 

Thepi' mny he determined by dirret anulysisp ujinj! tin? uteefitevl tni>thodp 
haM'd wi elikPtie tlu'ory, or m is frequently doth^ in rpinforeetl rnncmte desi^i, by iming 
nmmfml and pbear iwjRkdent# whit^h have tnvii found ndequutc for usujit cumbrriatirpnp 
of Pjiarw and llv(HlrHiead-]oud ratios. To this end, the following ref|iiire£nifiitp m 
l^ven in tbe Htofi ACI Code: 


‘*700—Notatiao 

h = Width of jMHjlaeipilar flexural moniber or widih of ilaiiKiv for T- aiiiI [-siviii^riP 
1/ = width of wt'b io T and [ demind membi^nf 

d = depth from eompropsion fnce of Iwani or slnh to (>rntroid of longitudinal teiwnfe 
reinforeenieiit; thc.^ diaiiidtur of a rouEid liar 
E = mo^Julup of daptieity 

/ - moment of Inerlia of a Peetiun obout iht? nGUlral m.-^is for fp?nili[Lg 
i « ppnn length of slab or beain 

r ■ GleaF ppan for positive monicnl ami shear and the avefajpe of the two adjnrent 
elear apaop fat neiptive momeikt (pfq Seeiion 701) 
i « minimum total thickness of slab 

V ^ UTiiffirtiily dialributed load per unit tkf Jtirigth rif lirafn or prr unit urea of plab 
“701—General r<y)uirtments 

*^(a) Ail niemliora of fntmea or rontinuoup i-o^iplnjclicpti wliali |je dePEsm^d to repipl nt 
ail peetinup th* maximum momenb^ iitui phears priKbi-ed by cEead lewul, live loud, eariJv 
quake and wind kMui, ap detormiiiLHd by the theory nf i^Utf^Vw finrnew in whieb the Pirn- 
pliHed aiwurnplionp of ikN;tion 7Kt2 nuiy tw- msefl. 

**(*) AlaplnminaU^ methods of frame attalynip nre Pnlipfaelory^ for l.uildjngF of iu,iimE 
lypee of cuapImeUoUr ipana, and Jdory hck|^h1a, 

"(c) In the efuw uf two or inont approximately ei|U!il pjiaup (the Unger of two ailjacenl 
P|wiiie iiol em-oeding tl\& phorler by morr- than 20 percent) with loads uniformly die* 
thlKiled, whi-n- the unit live loqd doen mil exceed thire timci* the unit dend load, dtwjgn 
for Ihe fnihining momenU and sheam |p patipfnrinry^^ 


Pt)(dlive moment 
Knd ppanp 

If dipeontlQuoui^ rnd ia unrratniined, *,, ,.,, ^ ^ + 
tf dtPCO^LLinUOUH end W inteffai with the aUpporl 


11 






Intorior n^iiM 


1 






DEilIGN ¥QK FLEX I'HAL LuAmNG 
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XfTitulivc mnmmt at exti'rior fticr fit fir}*! iihti^riur #<iipfior[ 

Two .. .......... „ _ ^ ^rnf^ 


M*>rit ihtin two n|jatL!!i^ ^ + ► + + * ^ v p * 

N?ICftlive in£?ment at oIImt ^Dl^f:^!i rif tfilr/ior sMipp-iriz*. 

Si^Xlyc mun^nL at [atre pf alE hiiiprw>rt^ UtTy (ii) nUtw *iih 
ipaiMA aat i!^cf».Hi|jn|; 10 ftp and (b) Ijramsi arKl wiwf 

mlio &l ifljtii of rolumn utiffni^sst's (€ \*^am stiffiiPs« 

('iftht nl ei*rti nnd af*th(? span .. . ., 

N«>|pitivp mpin^t al Lntt^rior faert? of exloriur ^ujijKtrt^ for 
ruccnboTTS huilt inle^ally v.ith thi>ir HU|>;rPrtM 

Where the nijppcirt in a spandn*! Iwirii op itinlpr,, .m ,»+ h , 

Where the £)up|>crt m a ^-^lunui *. *.. ... 

Shfflir in emi membem nt firset interior -support.... 

Shear at ntl other fftipin^rta. . ^ ____ 


in 




in 





tnl' 

T 


pp 


Illustrative Eumpla. i3tfii|p tiH;> rontinuciib! fK^m shown in Fig. tH. Thi' lieani ts 
part of a typiiin tine-way ilab h-anw(nil-| 3 n:ler-floor nj-nteni. 1'«p t5l5li Atl 1^*11*-, 
// m. 3,000 pKi, uniform Innd snc!utlin|£ Iwain. plus live) « 2,010 II i fx-r fl of 





From Fig. 0* ekiar atiao far Hi - B2 ■ 22'0'p Avoraior Hi-^ir H|inn ■ 22*3''. 
StirnipH will he provided to take the diagatmi-^teriNirm i^nd no iiihiu itdoforee- 

inent wifi be b^ni. Althallgh tlie .ACl CAnle rMfrniitjs a unit shearing Sir™ of 0.08/,-' 
frw this tyjip of mnfofct'mpiil, a depth xplerted on this haFta watild nequiri^ heav>' hor^ 
isonlal rcinfortviorot^ tliDreforv tliE? targi'f deplb pek-eted bidtiw, which hi on 

1 ^ * 0.Qii//p will bti ur^L Twtj rsiwTi^af n'infureensent are uhchI in mtisl faiih at tin* 
top and b(»ltom of the beam. The wntcr of ibe row neansd t he atirfa™ Is pLttr^^i 2 :4 
fnini tb<i jRirfflce^ with the other row spneed 2 tn. (et^nter-liUH^ntw) farther in. 

For 

On tort 

A/ - +K 4 ( 2 p 0 ie){ 22 . 5 )^(l 2 ) - !W 4.000 itL-lh 

Al conlintiDUH omi: 

M - -Hnl2p0l0K22.2.VC12)-14^4,000 in.4b 
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At M'uH (<1311; 


llElS'S-ORrEtJ CONCRETE 


M m -l4f ,<2.0lCV)(2i.3>^(l2) - -5I0,0([>0 mAh 
Ll^»<2.niflK22.5) 




Cpnipr (Xrtli*; T hi.'Am); 


2 

2*1,nm 




m Ilk 

kllV UU 


U» b* • ft m 21 \ 


A, - 




2f>,0(MK2l “ 2) 


- 2.30 dq ia. 


At coiHiniiiHiifr tnd (Notfr: H-wnforee fiM- rompn^ckn): 

Ml - 23,'V(SM2n® - m^rm iti.4b 
S^2^K0m 


I'W 4 Kq. T » 2-41 fv) in. 


M « 


2.2S ifii) in. 


Mt - l.iVU.tlflfl - S2ll,00e « 365.000 in.-lb 

^ 3tw,000 

’ " 20,00(K21 - 3,5) “ 

Aw w 3.32 SQ In, 



IV 4 Stt. 0 - 4 JX} sq in- 


// 



0^103 


- t 3 , 5 / 2 l)l 

- 0-403 J 


lo,S20 jHfi 


_ 305.000 


1.32 mi in. 


wntl i^ml, iu«iitiiiii|£ I tftw i}f hi#^4 


^'tip^kliH'd liy 4 Nci, 7 ihruu^h, 


_ 310,000 


Shiiif AEkd brmd: 
At Wall 4^dt 



t-Ti? 2 Xfk. 8 » 1-57 ip. 


V 


2,0I Qf2gj) 

2 


22AW Ih 


r< «fo.oaK3.oooH JiJ{R3(2ij - 
22,000 

"* " miim} ~ 

^ _ ( 0 . 2 a )(!iO,OOOK?^ ){ 2 l) 

22.000 ^ 13,0X1 “ 


) 3,2«y Ih 

















FCIR FLEXURAL UIAUING 
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Plurinfc llif firwl «tLrnifi 2* fnim tlm fun- of iha- iiupfiarE, thv will ba. 

At cahlinuutiM t^i^l: 

I ftt H BLt 3 al 10^ 
23,000 





U,2il4m\} 

la.sno 


lt» (Mi 

■'■1 - <j.r 


Pinnng the Bnit siimip 2^ froEn tht fbn- uf iha ^pporl^ ilir- viilJ he: 

1 at 2% A at ti\ 5 nt S', I fit lO" 

fW 

ConliT: 

^ +t|flr2,0IDK22)=fl2> " T^ljOlK) in.-lb 

Al fii^t inl4^of HupjiHirt : 

\f * - I(2,010)(22.35)-t 12) * ^1,085.000 ih.-lb 

At bll otbir int^rtur aupporlsi 

Af - - .^ |{2,0I(»(22HI2) - -t,mi,000 m,.|b 

2.010(22) 

^ Wlft* “ "^'2 “ 

Bpam OinieEiNioAi v\U be kepi tlie Atiiiie ihrouiebout^ Hi ^uveni^. 

CViitcr; 

, mooo , _ . 

tv- 4 Nq, 7 ■ 2.11 sq m, 

l-'jrsrt interior pnipf><prt is- the amnir iw I be nuitirminw eii«l of HL 
At olbcr inlerior Hupport^; 

Af; - 820,000 in.4b 
-li » 2-28 tfii in. 

Mt - 1,061,000 - 820,000 - 232^000 in.4b 


A 


n2m 


20,000(21 - 3.5) 
4* - 2,01 aq in. 

// - 15,830 {3rt 
232.000 


O.lRi ^ ui. 


Vvp i Xfi, A - 3.14 aq in. 


A 


15,82(K2I "-3.3) 


Stenir mifl bcinil- 

Siimr in H2 iat HyiLiiiHttrir-nl abtiul ibt- 


it 


" O.Sl -‘Mj in. 


i^u|rpliiHl by 4 No. 7 L-arried tbrungb. 



22,ttll} 


liO |» 


(0.22){a>,006.K?ij(gl) 

8.000 


iir 
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KEINrCllfCEll CONTHBTE 


thm firvt Hlirnipg 3* rroiii tbe Tilm v( iht^ efiippejrt«i, Uki ^purinp nt mcb dtiil 

wi\i bo: 

I Ai 3^ 3 St g% 3 Bt 1(1' 


Cutoff Pomti for Reinforcement, \\hi\ti oeonarny ijentAiidi ihut ha.rs he cat uff where 
ihey Hn^ do longer needed for atresiri^ the de«nipirr Ijc :Rire ih/it there is j^ulhcieni 
Kleel al all iieetiGnit^ in additiDn lo ihe Boetloiui of highejift moment^ jind tiist thp hm 
are anehoanf adeqimle^y^ The dlaKnima of Ferii. fk5 ainJ fi*> are helpful In determininjE 



dS 

i 

s 

■I- 

I 

Ulf 


05. Poiuu »brpp l«EK »tmy tw up ur cut off for ..ioipl)- »u|.|«»^| uTiiforruly 


fhp tlieoreticjil rulatl iwinljc fur (mirnriuJv UmM tmimi wilh difFi ri rtf cotiiiitrahK of 
('nil rwtmint, Tlim- dinjpnni.* art* cw-eririnlly tnimv-iil ilinip-hnat dmim lo |jrfp|H r ural™. 
Tn lh<? ruloff dintJinnv (IplfmuiKil from the iJiasmTii^ nrurn bp ailiii<{| flip projxrp IrriRtti 
of omhwlrrwnt fw aiwliomnc tu* P|>li-llj(.i| l>y till' AfTl tir nlbf]- pixIp, TIip iipo of ihoaP 
liiB^pmitu Kill bo illuptrutvil Uy ppplimtian to ihi' |]ri‘vioup illimi rtittvi' oxAmple. 

For Bl of ihc pn-vioup rannipl*-; Xi'Kinivp-nuMiM’pi niiifom iiwin nl ouUt support 
for O KI X (22 ft f, in.) + 12 x I in. = 3 ft I in. from /i,« of .uppert. 
50 perreol nf [Ht^Jtive^fnfiirii^nt n'infon'errienl m^tiiFriJ for 

(1-33 X (22 fl 0 in.) - 12 X - 4 fi 3 iiL 

fnim fKPr of oulw support. Honuiining two Kn. 7 bani rarritd 6 in. into support. At 
rontihuouiumpport, (wo Nu, 7 l)»(n of ponitivc-tncrnipnl ri'irifnnMrmcnl ain trul <in'4 ft :i in. 




























































Pm* Cfni fl^inTiVcemenT Mq^ S^nr. 


0 


fll^K^X Vnli KLEXtriLlL LOAliINfi 
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DtcimoEs of C]#ar Sc^on Lcn^tri 


Ki ■ >'>. 04. Ii£^iroxiJiiB-T? rtii^'' bciiiE. li|j or tJown of ^i,l 1 i>fr fm ■fNiiiiLitnjfiun 

11 rifcfnrniily lQiiri<^ Hr-nim+' b’liilr irit^STTRlI'^' Flirir »iipp[^irl- f.Xil'l r^N-ffirinntui, 
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RELVF<lHf'E[J trONCaE'fE 


fnwn fciee of ^ prn^tit *4 tif>|DLi!i>'ii-rtiorrvMit reiiirorrpnit^Qt at {!tmtmiji;Hifl mjp- 

port iH rut (iff at 0,11 X (22 ft Cl in.) \2 X 1J2H in. ^ 5 ft 7 in. from ima> nf mjt\^n 
anil n^mainlrkp^ two Xn. 9 hanf 

0.2g X m rt II m.) + la.ft in. - 7 ft 5 in. 

fitim Ja^t^ of ^pport, 

For H2, htO pprrfsil of tKJPi^it'n^nioTiii'Ekt rt’infi>retffai*nt roquiml for 
«,a5 X 22 fl - 13 X in. = 4 ft 7 in. 

from fa<^ of Eiup|K>irt. NTf^aUve'monii-nt toinfopt^i+intiit at fiiat mtcMior p>upparl wuikp an 
III* At Othff kij1t>nDi' HU|jpckrEa *0 p^iJW^ll of noftativ^iEkDiiioiit rpickfon^menl may U- 
rut off at 

0.10 X 22 ft + E2 X Ji in. - 3 fll [ii. 
frotii fai'i* of mjpporl dImJ rvliiainEii^ two Nd. S tiarn 

0.24 X 22 ft + 13 X Ji in. - 6 ft 2 in. 

from fac^ of ityp^rt. 



COLUMPfS—CONCENTWCALLY LOADED 
Types of Columns. Conrrnet*' touripn^^JcHi mffmLcrB whcwi^ uimnpprkrtcd k^tk^^h is 
morr thnn four tim*^ tlkt dimoiiAion of tJw erosw mM-tion ni^ ob^ftpci as\ rolumna. 
Hu+Mi numlien* r^lmukf not he Niill without roinforw-namt of Bome typp. In nwcloni 
cMjEKcirueliou four ly|jci‘ of nonforri^ ooikci^to eulunim sm nuiitdy: 

1. Column 5 reirtfortwl with Inojptuiliiial l nsid f-lwly npuevd spirala. 

2. fVktunkiLH n-inforrod with longitudinal Htwl and Inleral tie#. 

3. frnlumiiF, in whirb a Htmi lurnl^teel nr ewt-iron mluTno i# thwoughlv 
irrkm*Mxl in a raiEwte etiff H:ff T>tx' i ur 2, 

4 f -nnihiimtion roJunm-^, iEi vrhh h a .ttni(^!iiral-fltw*| oolumn m wrapped with wire 

nnJ ennumj in at Iwt 2M in. of mnefeti- 
over all mpial OKcrpl rivtit fund#, 

TytHaf L and 2 art* niQire Btnerailv UJ^i^ 
TvpM* 3 anil 4 taing i>e£motniml wiEb hmvy 
eouptrurtion Lfmda- or exln.'lria'ly Jieav^’ ptT- 
rnanent 

roltminflp in w'hieh a ifieel pipe ht 
filltHl with rnnen^te, are tiomeiiniefp umhI, 
Cnlumaa with SpEmI md Luxgitudmil Re^ 
mforceineDt, tVhenfVTr a niaterial m aiih- 
M-t+'^l lo nkmprefieirin in nne dinvtinn, iherv 
will I^K' an rxtntufion in the direetinn per¬ 
pend iriikr to the eCEUipttwioik aaia. Whi'ra 
ihiR expartfioTk ht n^iHli^d. kterik] romprt*#^ 
nve F-ln'wiofi we develoja^f, wUrh teikJ to 
tirulralm* tin* effitel of ik InngitiidiniU cojii- 
tai^oisive r*ltvFA ami thua inereufv n>#iictanro 
aeain^t faitmiv. Thip i# tht* primopb in- 
volveif in tbi' UM- of flplrni or booptd rein- 
foret^tTM^ni lace Fig. 07). W ithin the limit ^ 
F’ni. IJ7 cflaetieity (he bonpL-d tvinforoemi'iit in mueli 

. ^ . . , , iffeetive than langitudifiaJ TOinforee- 

nwhl- >«rh hr,«-,.v*.r. cukk^ thi- ultitn,(f ot the tolumn !*nmR. 

tho h»..tun,E uliiiu.1.. Mntv n,.- m 


Longitudinal Rqdj 
□nd Spiral! rtoopinq 



LangiiMriHai RoUi 
ond inlefnl Tin 


























COLU3INS- V0SVES7RlVAU.y LOADED 


7-1 a 


nmi tcs I'JCpflJiii ktc^il.v^ thuf inrfi'miig ihi- in tbi.' faiSufp mum 

iipqn ihii pnoraMvr ^m-Tfhirtjc ur l^uftkinjc uf ihv hcmpiiii^ uf liufkling iif Itw^ rolnmti hh a 
whok^ ThiPi a MinH’whjil hi(^T wiidang mny tw* i-inplnj'txl on tho ponmctp pofi- 
tiuEhxl wilhir> imrli tnKjpinji ihsn on a pimnipl^? ik»I nn rimfitird. TiifIa i*hnw th*t BlwTiit 
1 i 5 erf*rnil <»f r]*wly Fpart^i hi^ipitig Sncft-aM** tlw rt^tnnw to liltjniiiti' riiSun^ 

i<iiiflicit'rLl iy ti> aUciw a fi’ajtoualik" inrn^Euw* sn thf Wf^rkinn fllfpw* in ibi' ronrrctj^?^ 

Asi lotij; lu^ tlie iKiml b^iwwii thr nrw‘l nnil (hr eoncrx'tp b fffpiJiiw, the twn irkAti^riAlH 
will diifortn pt{,iiiill>% and ihtr intt-n^ities of tkr !ntTt-fw<,‘A wU! }n- proponioiiAl io thidr 
moduli d ptimtipity. That K thi- dpfomiallon K of tin* potimte miwt bv utuml to 
fbf^ iN‘fnrTnat|iMi Xp of tlie rti***!. 



Thpft'fnn* 

/i ^ 

Tjt't " IMS uxiA of In ttiw j^t*€rtioTi, mPMiin'irl In thn outnidt^ diJunidiT of thn 

4ipinU 

At * an-a of |onicit*idinAJ Ati'pl in thw iJeriLoti 
A, — ovpr-idl, or jsiiiitf. area of couerote section 
— fltft?] mtio 

» LUiil 'eomprpjwi tp t<l in pIwI 

/t * ijikil iSMopn-Miiq v-i^ in poiiereto 

F " total tft i\-ngth of rtiSnforr^i polunn 

Thnn 

p ^f^At +f,A. ~fAAt - 

+(»- l}p,l 

-/,[.4,+ (n - IM,| 04) 

Tlw vutyiiB itux pvim, whirb fihr>»rf<l that /, - nf,. wse l>uc<1 on the nnnimpiMPn 
1^1 both <ioneK-te wiH stw^ an* eliwlie mBtcriatH. llowi'TOr, ai* pttMed piii*»jnMjiJy, coii- 
enrte twt mi elaetie material. M the ctnw ineniinpii, the iptraiiiii inEmuw at b Rrmli'r 
mte. Flirt henuotf, under ultiw (IT auKtaini^l h«wlp'. cinirtute will eoiilinui* l« litpw or 
cm-p under nittftant Httw^i. It hae been amplj- wriflinl by many ttwui that, Ik-Ioh. a 
iipinU leiiiforteii eolumii f«ile, the avtnMSe in the mticrrte will reach nppresiinBtdy 
0,85// IWld the steel slnaw will nau h the yield imillt, Ttlii., of wuree, nwninu-e that 
Ipuekling is not n fartw. Tliin h«e bii n niuKiita-d by the ACI Cmie. nnd m tiuit t-oiie 
the ilesign rnttiiulas for concentrii^lly k«tdwl eoliiinm. have licen Imsed on nllimBU- 
rtnrnglb wnsiilemtiore. *ini:e I‘t3fi. Failure may th.‘ii l»e represented by the formtiia 

P.« -0W/p1r+/r^. 


when? /j, is lie yield paint i)f the steel. 

ir Ihi! ekstio stieniith foTiniiii were applimhle at fniiure 

follow frum Eq- (34) ihnt: 

PmU +//(» ” 


(whlrh it ij* nnt)r it w^mld 

m) 


Althunich Ekis. (a.5) luid (30) are jtiinilnr in appeATunee. there are several diffeneners, 
Llie ii«Mt siicnilh^Hnl beinK that the more rational ultimate elrenpth farmula [Eh. (33)| 
duL^s not make ihe steel einsw a runi tkm of the rwieiete stmw- ^ . 

t'ullowLiiK thi‘ ulllmaii'-strenKt^ appriiarh, the ACI Code coniam* i1h- followinK le- 
i^ulri-jui-iit for ooluninj^^ 


4^1X01—[ jT^rtiring dimmsiDIlS 

Tth^ fnlJowiijg nett ion* rmnffiiwil eoncnflti> Ar^l L>:»mpi:Mito coluiiifi% 

Mi>t!tiun I 107 {b), apply to a short rolumn for whSeh the uiiimp|srrt<il linKth k not BTrater 


REIMFOHrEU CONTHirrE 

>hhii irn lime* thi> Irwi {limi-iuiim. Whin tht- uh«uppnrl«l U<iiKth tJiii. v»liip 

'r’.tr’*" *" "-t'"" > '07(#K Prinri|«il Cf.lumnx in l.itil.W 

eluil hnye n jun^um dnunrlrr al M tn., or in I hr rasr nf rvr(HnKul>r culiuuiu. n mini- 
nium thirkDM» of in., (vnd m rainiiuiiin p™* nn* iif 1 aw iiq in. Posb, ihjii mb mt eon- 
tinudUfl fpfini atofy la grw* pJmJI hive a miTiimum cl iAitm ijr td 6 in. 


<*U03^SpirilIy rmii)farc«d coiujmis 

Alhi^bU l^-ThB iMxmmm aik.wal,fe iHii.1 Ip^l, P. on folumiw with r|«elv 
KpinilK Bnd™ing « cHr™l*r «,nc4itto cor^ r^iiJorrt^ wjib v.-rtinit hnrp .h«|| hr 
that i;i%rn by rormuliL {Jl>, 

\V}« F<-in/* - nnijiiiuil allniinbiL* slrw* in vi-rticftl nilunth ivtnftirw.aR.Qt, lo he- ») 
40 Pt-Fwnt of the #poc^fi«tiofl of yi,.ld print; m., in,im nri for 

■nirnnodtBlo rtwIc eioi-l jmd 20,000 pui tat ™l or hnnl nmHi' flool < 

f fhnn 

JjT tJ '"""7"' ^ (tio niininiuni hnr nhnLI be 

for ‘i?J.W* or thn^ timw th., mk dimenrion 

I II ^ 1 . indivitiLLil or l>..fw.,.n pniw of bnr^ at 

Inppod ,pl.c^«h«11 nn» i. h.« thnn Il-i L,. nr 

"(0 i« ^Uad fn,>Mrc^mt-Khrn. 

iiwnl, ^hii hiiniTniiiu jiiafHiht of Ltp nhnlS be u folfon^n; 

. J!1 r (^nerott' hllvill^ « »tn,nKtb of 300(1 pri or iiiop*^ 20 di* 

I T *h 7 1- f’of bnr, of bighor yiidd point the 

pirpsB cjcct'iMfjf ^,fXW ppi, \\h<'n tiR- caiicEvtr f-lri-airrhiF are I™ ihiiri win «*■? 

nnnwiK of Up fiKaU bo onMhlrd greafor than tha valtS given ilf»vi^ ^ ' ^ 

'"P -fe- 

“3. Wetrled npliw* or otlur {Kmtivv wnm-rtiotia muy be imvI i»w»ni„l ,rf f i 

Bplir... WVl.lfd ^diron rhnll pn:f«rahlv k' .L^d in E wirThlT.?! 

w Id ''bichfhobM.MEtEiJ 

'*4. Wlipfi- laiigitMdinAl ait- otlm ml ii i^ulu-c iIhh /if i- j 

Ik Inr will, the Min of the enluiim ^Kall not t L^n'l ] in U Eind^W rfTl*“'l 

nbovr nnd k'low the edTuet ihnit k pnrullel li> the &ku of ihr «l ^ ^ 

wmtfti xupiKirt Hi tin- kiiik NhnI] be ipi.ai„| jie a i„„[Ib, ofT-i-o'T^ 

proviiltHl |.y Jiu tn] tier, epinilH or fwirt.» of the floor i^irnslnirlion Mefjtl 
derigniil Hbnil Ijc |d]iml nr#p (never more ll,»rL ..i,h i i- '>r"pinde m 

bend. The bnriEl thn,. tl bo Ed Z 1^ 1 

eom^nent of the oojni.jal j,, ,k invIioH iKininn ri the bnn*onl»| 

DfTs^pt limn* Ih^ lirnt hpfprp thrv art pl4iopil in thu fnrtn* v r u u j- 

li»n« IMiliniry embedded in efiiK feto Khali be pi rmilted. • * " <•'*■'1 kndmg of 

" k ^ri^tqkiaal lllDVIlj-llft 
4f tiMi ^-kM 


blrs^ HVwTdiT^?™ ^ iBiihlltlbrd «t JD nwMjl 

itMlAlxj. HlMJT 4 firdA Iff A 5 Tal dhJrnalJ ^ p( icich /tTilligJTlfti 

« 1 ioa 1 tasi,> .tau'g; uiFftiS " '^- « *">-- th- I'MlldW 


h^’ Stwiicii 


COLUMNS — concentrically LOADED 7- H5 

Spiral reinfoTtemeni —The ratif> of ?pim1 ir'inlQrw-iiieqL p\ iilmll not foe lew 
thuJi the Tnitle by furiuuVii 02}. 



VVhejwm ft uwfitl liinil ntn^ of ppiful reinfrtrrenipql, to bp taken a* 40,000 p«i for 
hot rolled nxltf of Lntermp<Juil<^ iW.OnO for twls of hard pade^ and 00,000 fwi 

for cold drawn wirr. 

^^TLe iipiral miirorei^nieiit tilmll rorubt <it evenly ^pareti i^ontinuous spirals held 
firmly in plari? and trtje to line by verliejd ifj:uiL-er«t at tewt two for apimfa 20 im 
or leas in dkmeter, thrw for fpimh 20 to 30 Ol in dianieter, and fotir for spitab more 
tlian 30 iiL in dinmeler or irotnpow^l of fjiiral nuffl Jib Jarger in thu, Tlie apimbi 
jdiall be of 0Uch alee and no AinvniNed as to jvenoU iuiJailUiig and ptaebg without beioK 
distorted from the ilesigned diitirpjiHions. Tlie nmlerijil uised in spirals idmll have 
ndnimiiTn ciifloieler of >4 in. for rolled bam or No. 4 A-SAW for drawn wire, Anrhor- 
uf npirHl ridnfotPi^tiieiit ?ihaSI he providwJ by Hi esrtm lums d: Bpind rod or w\tv at 
eapli end of the sfAral mdL S|ili(Ts irheri nen^^siiary shad foe made in spiral rod or wire 
by Welrllng or by a lap of IThe center to center spac inip of ilip spirals sfoall 
not eawd otie-ttixth of tin? mtr diaineler. The clear I'jjacirig between spirals slialT mjt 
essceed 3 in. nor be lew thao IJi in. or IH niaxitnum liw of coarse jfcjurit'ptiln 

tijitd. The rrinforvinic splnd Bball extend from tiie floor level in any tlory or from the 
lop of the ftKit-infi in the bjn^eoHmt, to tJie level of the lowest horixontal reioforeemrot 
in the slab, drop panel or lieam above. Jn a column with a rapiud, it Hhnll extend to a 
pliLiie at w hieh the liiameler or widlJi of the capital is twice that of tho coliinui. 

**W i^ro&cfion 0/ r^io/orcrmrid—The culunm spiral roinforeemeitt shall bo protec lei J 
eve r>'w hen? by a coverinR iif concrete exist monoUthii'alK wilfo tha core, for wdiicb I he 
tkiieknesa shall not be Iww ihar^ IH noF times the maalmnni sire of 

roarw aKKfi^te, nor sfiall It be leiw than required by the lire protection and wenihering 
prnvieiona of ^eelion 507. 

^‘llW^Tiod columns 

"(a) fnod—Ttn- loaximuin allowable axial load on polurunu reinforced with 

loii(pUidiiiai Imrs and sejmmtn lateral tics shall bo 80 pe rcent nf ihnt given hy fomiuln 
f UL The ratio, lo lie cnosidrrwl in tii-d cduninfl nluilt not U- lese than 0.0f nor more 
thnn O.lU. Tlie lunicituilinal reinfortem4'tLt eball conjiist of nt teewt four bars, of mininiuni 
liar sijse of fh~. Sspliees in rtaiifnrrij'ig barn shall be nuulc as descril'ied in Sertion \ ]03{e)i. 
Tkie apiieing na|iiirenieiita for vertical reifdon.-cment iti iSection ll03{b) shall abo apply 
for all imi eoliiTiuus. 

“(A) UomWoni nriat nmi ber^mg For lied t^ilumns which are dc-dpad lo witli- 
staml combiTirPd aw! and bending stress'#, ihe hmitinj? alcel ratio of D.CN niay he in- 
creaa^Hl to 0.08, Tba mncHuni of steel spliwil by lappmg sLall not esi'wd a steid ratio 
of 0.04 in any 3>ft Imiglh of eolintm. The siie d the culuiim deeigiwjd under tfoia pro- 
vijHlon Rihnil in no caae be lciis ihan iIluI required lo wilhstaEid the axial lood alone with a 
steel ratio of O.CM. 

''(c) LaUrai fwt—Lateral tk*? eliall be nl least H tliameler and aWI be apm-ed 
apart not over 111 bnr diameters, 48 tie dialnclers, nr the least dimension of the column. 
When thcTO are more tlian four v-erlicnJ bant^ fliJdiiioruili tics shall be pmvidciJ w that 
every lon}folucliiuU bar u held firmly m ila dedpie^J pudlicin and hajf lateral s^npimrt 
ciiui valent to that provided by n OChdeg comer of a tie. 

Lima* 0/ nluf»n arffion—In a tied rolumn which for arehiteclural reftaorw has a 
Iwrgi'r CEtiws seen ion thafi it’qtiinil by ciFEirideiTilionfl isf Inafliiig, a rc^Juced effwtivp lu^aj 


7^146 


REJN Four Ell CONTRETE 


A^r “'Si ihoM. u-irt^biiir ul Uii* Utlal hw nmy U- In applviiiff li»p proviniuf^ nf 
Sectioh 1104 (a). 

“ 1107 —Lflng coliiiti|]$ 

"(a) Thi' ma^imij.in nJlowablie load, on axuilly londt'd nfitiforrpcl ponerf t« or 

roIumuH liavinjs nil uiie^up^Kirtf^j \vngxh, i^rr^ter thmi loo tinwr^ the ItMmt btpiml 
f, shall hi'. by rortaiiLii (J7)r 

» Pii.3 - 0.03A/ff (17J 

whrre P ill Iti** nllo^abk^ aJdnl kwd on h sliorl mlum^n titu ^ivi^n hv StfTfiann 1103^ 1101 
hiid IIOo. 

“Thr rTinximiiin ultoirnhl^' lo^d. P'p on i^ol ni^ny l«id*^l oolutiiiiA in whbb k/i 
(■Kt™b |0 4inJI aIm tif^ (rivpn by formuk (IT), in vhieh P \» (hp alloWHhk rvt^ntnnillv 
npplkid load on n phort I'olomn tlttf'niiinnd by thf^ pmvimoiuq of tW-tion H0f>. Jn 
long rolumnfl «ub;MrU>d lo definite t^rmling ob di4iTmiTH^i iti H^lion 1 JOS, iIhi 

ratio h/t abnll not 20.*^ 

Tables 7 to 0 arp fumii^iri'd to bJi{ in applying, tlso n^iiuEt nieiin^ of these sectidtia of the 
Code. 


Table 7. C<>li]u\h wjtu Losam PiSM. H.ia.^ ano 
Lond-'i in thou^od ptnjiiiis 

P - o.muA^ -p/,A, 





























COLf MNS —CO\C ^ NTHU: ALL Y LO A LED 
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TaRI.I: WITH LnVCl ITl' t. anb Tfea 

]AJ}itlf4 in ttlckUNarui pciiiFidii 


Di IIH^thirjIi^ 

al 

4'iilunin, 

in. 

tSrrP!« 

anm 

Niff HI. 

r^fuict Mfl lxilJ>+ 0,!!if|8« 
Ti^r iv n.Ol 

Iji^mI on mmrrvie, O.SSCM^ 

! rTilt?nimlbtl^ 
tcnifb' 

lo.oon 

! Hj.nl 
^r^kilr 
20 000 

// 

2.000 

j 2.30) 

3,000 

3,750 

A,000 

HI 

12 

U 

m 

120 

140 

ItlO 

15 

18 

20 

111 

22 

30 

43 

50 

mi 

54 

63 

72 

65 

76 

S13 

81 

65 

1D8 

108 

127 

N4 

12 

L2 

14 

10 , 

144 

lOB 

HI2 

IS 

22 

25 

23 

27 

31 

52 

m 

6i? 

7e 

86 

78 

01 

]04 

67 

(13 

lao 

121:1 

J51 

173 

14 

14 

lit 

m 

106 

224 

252 

25 

2^1 

32 

31 

36 

40 

71 

SI 

m 

88 

LOI 

113 

IDO 

121 

ISO 

132 

151 

170 

176 

201 

227 

Hi 

111 

18 

20 

22 

2o4> 

288 

220 

352 

33 

37 

4L 

45 

11 

46 

51 

50 

02 

104 

115 

127 

115 

' 130 
U4 
158 

138 

156 

173 

1[K) 

m 

nu 

216 

23S 

230 

250 

275 

317 

LS 

18 

20 

22 

24 

324 

3t30 

3lHi 

432 

4L 

46 

51 

55 

52 1 
58 

03 

6J1 

117 

ISO 

143 

156 

140 

162 

178 

104 

175 

iiy 

214 

210 , 
243 
2fl7 
2142 

m 

324 

330 

330 

20 

20 

22 

24 

•m 

m 

440 

480 

n20 

5L 

5tl I 

01 

M 

70 

77 

83 

W 
158 
173 1 
187 1 

ISO 

LOS 

2L6 

234 

210 

238 

2511 

^1 

270 

207 

324 

351 

330 
306 
432 
, 4118 

22 

22 

24 

20 

28 

484 

528 

572 

616 

02 

tSS 

73 

7^1 

77 

84 

02 

lltl 

174 

]18) 

20ti 

222 

218 

238 

257 

277 

2(11 

2S6 

301) 

333 

327 

330 

3S0 

410 

436 

475 

515 

555 

24 

24 

20 

28 

37(i 

tli24 

ttr2 

74 

8t> 

m 

112 

loa 

108 

207 

225 

242 

250 

281 

302 

31 i 
337 
303 

386 

42t 

454 

518 

561 

t(05 

2i^ 

20 

28 

676 

m 

H7 

113 

L08 

no 

243 

2112 

31>1 

365 

mi 

456 

4!n 

tm 

654 

2S 

28 

784 

100 

125 

282 

353 

433 

521> 

705 

30 

30 

IHD 

tl5 

144 

324 

405 

486 

nos 

810 
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REIS tXltics[> COSCRETE 


Taulk fl. Bins and FrrrH or HriJiAi^, ACl Cxim 


iif co^umu, 
in. 

iXit tR 
out of 
fipiral, in^ 


2.MO 

3,000 

3,750 1 

5,000 

HoUn)Rpd liitiefmnliBTr-frrcuJp 

14, 15 

IG 

17-10 

20 23 

24 30 

U. 12 

13 

X4-ie 

17-20 

li-2 

Ji-2 

*y-2H 

H~i H 
fi-iH 
flrlM 
Ji-3 

I'f-aji 

P 

Si 


Cold^lraftTi Wire 



14, 15 
11^23 

24 20 

30 

Tl. 12 

15 20 
2S-2U 

27 

H-IH 

H-iH 

H-2H 1 

^lr-3 

?ir^ 

W2H 

*A-3Ji 

H-2H. 

-4-3 

4-3 


}* coliuiin to fiupport a coDiVDtri^ loa^l of 

525,000 JU?/, ™ 3,750 lb*/j — 10,000 lb ■iint4?nni4hak-'^tpiic|e 

sote: UtiW .pftw or other nequirt-n^t^nU, Jirtirte the ec«n»hle «»> of roltunn the 
musteTOnonunl Hjluiun is usmLy tlie one with tht iimnltwt nlkiwable steet pL'm’ntnec— 
Pt - 0.01. ThwrfoTe, of the number of wnibbaUtiiw that mjiv he iwed, a munn^ nilumn 
mth tiw; mmuiium anu>ijnl of AU^el will \k> SHiFrtrii 

KniDi Tiible 

2 tj X 2tl roliunn ml\ tako 45fl* 

fnr - D.OJ, jitfN'l will ETarry 87 

54? 

A* - 0 01 X OTO « 0.70 JR., 12 Ko. 7 Iwira, As - 7.22 ati in. 

Tien; Sd. 3 Ufisn nt 1 -S* g.c+ (I0 bar duq-nisl^rs) 

2 . TA^i^n a spiral ctiluimi fc^r thp aanir liMirl afi atwivp. 

From Table! 7^ 

25* dimnptrr E^umn will i^jn-y 448^ 
for pf m O.Di^ irt4u (-an^^ 

- 0.fll X Ml - B.31 nq in,. 9 No. 7 hm*, A. - 5.4l «r| in. 

.SfiirKb; rroni TubleO, 

Ifjip pitch, coIit-drnWD wirr'—23* ( l|) 


X 22.62S X 0, 


X 23* 


— - fl OOfia? 


X 2.2n 


■"“(ii-OS"'’”™' 



























COMmNEl> HENDING ANp AXIAL 
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COMBI WED BENDING AND AXIAL STRE:^ 

^ Irtiuitly tklE Fcmrme crtpinbt^rp nrr to b coinbiiLBtioi!i of beiidiuft nn*i 

ntffm Hnwpvf^r, il hfM£ b«sji from piepi*-ri^Tipe limt Ici lh€? <lefdgfi of mml turmhiTP 

orip or [he oltter nmy Hafely. For psnmple, no act uni buildifiK euJuinrui luv 

iiicfll: ttwy are till subject to bpiKllnt^ caltntHl hy either iinbaLuietd lo&dif or iukiivaid»h|p 
€wpnliicity+ but if tlic uot'itilniidc^ u hot or tbo eewatrieity t*»niill {iie* jL ihfimllv' 

bt) they nmy be ni*Elprii?d ftod thp poIiituei dK^inJ for totinl l(^ only* lo ji Ijetini 
I here Jj tlwj p^.M^ldiity of rji^¥olopiag oxihl foox-ai be^iuA.^ ^rf^ fur exiimplep rc- 

htmint due lo friction nt the jMipporbi or -runtlntiity walii other tiitjruiMTN such in n 
btiLkJing-frikiiie pprdiT. If the ludnl forw \s eojupR^Ndon and of irlaljveJy -pmall nmitEii^ 
tod€ it riiuy Mftfely be nr'|fli5rU4i. Caro Hhould In? tHkeo lo d^U^rmine wheiber there ia 
fljiy poKHibflity of deveJnplnj^ secondary^ ajcm] tenidnn in a beam and, if to, f hiit rpitiforee- 
meiil be pliieod at all steeliorti^ whi^re it may oarur. Althouftli ][ may in- difficult to 
evnluute Fueh foniMftt—wliirh may arwe tlLronish »hrinkAg(' of the rtjrwrule ru^ it eurea or 
of rroeEitic of mppofetJly ealidihjE tnipportg—tliey are nofietlieb#!^ very iiTLportATit, 
ft nw'nitt probable that mMne rt^nt ifmiiUrouF fnifurtv (Hof. 12) may be altiibniixl in 
part to thr ncfriifit of thip type cif aetion. 

Xu will be neen, Kieams are kw senaitlw to thr addition of a phiall L'oropri'mton forte 
than roimntiP are to ibe Addition of a ?nifdl bending rhunit'Ol. TIliiI \b, while the axiiil 
hmd-au-ryipg eapMirity of o roltimn will he marertalty rtdured by ihu additioTi of a ^mhll 
fendini; uirniTverit^ the mutootu rewiplimee ^lf a Lenm may Ek— and imtalJy i^ inrimat^i 
by the addition of a re^Laliveh' t^mAll a\ial force. Tlii# ntay I'M" appof iatwij when it ia 
milizod ihni the coiiipre«eqve iLain] fort"^ reduiwa the teiiPiEm lit the steel anj bringsi a 
tpontor portion of the concrete into tictive comprE-Heion. 

The abo%'o ip-tkE-mlLEatinn ndpitive to the n^iuLiinn in ramin^ enpaefty of cacenlnmlly 
loaiieci colimuij;* should ritDr|iniN;l in that, 
if A column with irmill tHcceidrirtty is over¬ 
loaded, it will tend to eraek. If the fwnd- 
intt mnminit ia romiHJled on the boHia of 
i-taptle iheaiy ai^umini; unemchtHl reclioie^K 
ihen the crttfikini^ will reduce the ptifne^ 
of itw memUT and h^uiee tht’ Enoin^'tit^ itnd 
n-lievt* the colunii^ t>f ixiurvse tluK may 
caUite un inenmae in moment at mmf other 

Nepflt'etirujE ImnklintT failure, the relation- 
ebipa eiiptin^ betwixm the different iyjn'n 
of members can be viniali^'^i from the 
dhija^ktriii of Fip;. in which the mauhanl 
IrMtd La takeEi tia artinje at a dihtiLTin^ r from 
the i^-l]Lrold of the rmw wi-Lioii. 

fi would afni Miuidc to (kvolop a of fniiikiiLaj^ with the fiarana-ter r eovemttiij 
Ehi^ entire ran^' of action t%nd agnving with the eiduinn furmula--^ for c - 0 and ihe 
hfsm rormuloA for infinite e. However, are #*-veraJ n^attona w'hy it b diBirtilt to 
do thin: (1) For Hmfdl eecenlfirilii*a thi? tintin' i+iftion Ip in tn?niprtHdon and uticraeked. 
Fur larKTir ecptmt.ricith^e pari of Hie M?rEiotk L» In Eenaion^ benre the conen^tt' is eraeketf 
and partbdly ineEfertive. TbuM two ddfen-nt t>-pefl of cross SL'Clin^a ^cracked and un- 
iTAcked—iiiusi fic considered. \2\ f t bf tk-^rniile to hav'e diJferent wurkinK .plreBFH.-# for 
the nunforor-niiijat in axially hmEh^! erilumn* whiTi^ bncklEnK may he a fartor, than in 
tenaimi where it U nob (31 At ilie pri'R-int tiEiii' tJw A Cl CniMie um basit^ally diffc-renL 
IH-inci^d^^ for ihe ih^ign of mlumiiN and fkt'snw (cacx'|rf in the upLioEial Hpjx'iidlK which 



P^P 
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will l» I«u-r1. Gf^luf^ln h Iw^ cin ullimair-fitmiKth thj-cirv’, Bi-ain 

[Uwdjtn, except fnr xh' rec|uin.-itH?nl^ pt^niuiuiije tc» cc»mprewifin if btow'tl 

m ihe ifltmicht-liiie Thvm: hji' ii)^l^)paiil>}4^ It b likelj- that thin will ln" 

n-Enodii'd in the fuXUTv btit, for ibc (inwni, it pn^vv-ntu tb- ^I'lupmcnt <»f m ii 7 b(^n>nl 
nuithixl fdsr ib? cle^^ of hll typtrt* uf 

Fot theflf n^sijsctiyi the tUTTcnl AC I duMiKn Mpecigcaiton? for i^imbined botkElinx jmhI 
ixhi\ Ici^ HP' frnnkly i-niptritihl. Tbe pert Lmitit tftertintv mv n^pnxlueed Lwlow; 

■4100—WtitAtfQq 

.If « iwi-a or cop? of n icpimlly rviofom^tl column mwuj^Hij |n ibt^ tiuLnlile ^ijuiit tor 
of the espitml 

/I * iivor-i&ll ttr gji^ of fpirfJIy rvioforerti or ril'd ccilunina 

- i^lTi-flive rmiKi-flt-Ftiorial ajTAor rLinTurcietni^ttl itt cpmprew:ji:ifi lo rqlumryj 
^ “ trint fjietcir <nui^ Siwtion 1 lD9(o> niitl foutiwu- llii'irpto) 

r » rTOMirridty of ibe rvjultant load on ^ rr^luiiin, imtn tb' pavity aib 

y. - ntiminii] iilluHiibIr oxiftl imii 8tru» i-A p.) for «:pinU culiumw oml OS 

u( ihb vnlut; for tbd colnmiif 


n - ii 1 btrHli.fe bending; unit thiit nuuld Li> pinnitrMl if lu-ndiot mimms only 


I'XuiU'd 


/. - nuuitinl Mi*] unit Kirrw - axial lutd Hividitl by urea of mt-mbrr. 

Jk - fK-uliiiit unit Jrtfww fjM-iual) - bending moiomt divyi-d by ah'! ion mndulu^ 
i?f nH^nibcT (mieuftcked immrforcncd N^etion. EdJ^ 

fr - r^imputwJ fibfcr jrtjew in an om^ntrinilly ItmdiNj mAumn wlup- the 

ratio of f/r jrn>ater than 2/Z 

/(' - mmpretwtrt! sln niflii of ton^p-it nl *jp- of 2 S ckjT^. un’k-Kf oihorvLn- 
/i ^ mitniTiHl allLiwoblr ptItiim in wrtinJ rolumn nopfarveicoiit 
h — iinjiuppnrtLfJ h-iiKth nf oolimin 

N - axial luwJ ap^ilit^J to n-infotred Kinente wdynm 

m nitio uf thi> ffl^rlivo rtw^HjiionaJ nmi nf vtrtify ftinforwniLnl lo lU< im»t 

anift ® 

P - loty tiilouahlf axial bad on a coluniit wbjde bn^h il<*» nut osccitl Ipb fimr* 
iLn k-ftfft cnm-wrlkiiuil dimciiiitiuii 

f - ovor-al! dipth of n‘<'t*ii| 5 uUr cotutno aH.-iit>ii, ar lb,- diametor of a roiunl culunui 
‘1109—Colunuia subjected ta axial tMd and bending 



‘ (b) Wlh ti brEMling ojcwt* nn t,^plh f,f thi> priiiripal ajun, Formtiln (|8> iHTtim,-,* 
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Wbi-n bentUnic on iKrth of th** jiriiK-ijiuJ asn*, tbi- (luantity Hf/t i» tho numoriml 

uum of the Hn/i quuntitirs in ihr rw^i 

Ki>r fMliimnd In wlut^h ll^ h*mi, W Eh e, fn‘iit 4 ?r thun 2/3 tb« 

rolaKtu dfptb. i, Tbi' ikli^nninjilion ttw* iw/, s-ludi lji' niiuie by Uj=e hi nwosniitHl 

lh™<:y for i'rafititl «y'Hnnd, nn ibc* nwi^implimi ibnl thi- Hnw not rcwl 

l«*nw»n- In wn-h ibe mn^liilnr rtai+i fisr rt-rnffiroen^fni nhnll 

iwniiTOHi HJ^ i|[iiihli' rhi* vftiiu* Kiwii in Sl^ri^nl i"*H ; iIm' in ib& tomprenpivt" 

n^infrirp^RK^n* wbt'h m]«ilulrtl tm tliw bnnisi, dlmll »n( ptratfr fhim tbn allownblr 
dtwjw in ti-iwion. Tb*? m&ximum nimbinul in tbt? concrtr^ ^hall nor 

rxmid Fiif i^rh tho icnnW jslwin aXw* hr in^-ii^Htii^atH^d.” 

The formula ?prtifii-d for ralicm k-iw thmi 2/3 ia b binur biib-nirfioii fonnaU aimilftr 
III fnnn to ilmt tinnl ffif ntmiiy >*pj|rt in thv iJt^un ini-in}jrr9-Hijbjected to cornMni^l 

kwling ami axial i-tn-w. It }w^ no miojwil liUl tlmfl m.^m to fit wa^ijmbly w*iLI 
l«il n^ultd for OJiLjtiirtd with diimll wrt-nlriHty lowlinn- For zero croentiidfy it 
htYrnnkf# idenlimi to ihe rtklumn formubLd ^if ACI S«TliiorL!i. 1103 luifl 1104. In all pniba- 
Ijility enlumnfi with u/f niUtw jcnwior ihnn about 1/3 urill Jie erackofJ on the toiwon wde. 
m ui«? of the iinrrarltixi wet ion fot e/I nili«>«. up m 2/3 Ik jui^tifiisl primnrily on the 
bitaid tlut ihu ntnnght-Iirire theory whirh 
iiafd fcjf vvaliiitlinit hending jitrwwio. undi-r- 
iwtiiujibi^ the n^l rapeiiil y erf I tie iu 

flt■xun^ Althouitli ntit. jftaitxi tn the Cndiv U 
ia intomiixl liiMl, in rompUiinjE/* for u«' in 
the intnrurtiim fonuuEa, the mtHluUr ratit! irf 
hH lonmttnlitiat ri^nforei'miint fko iw^nuxl lu^ 
doiibh*^ ihe valm* j^veii in Smitiuu +i<)l of 
Clxk^ 

Jn appivinit tbt‘ ACI Gwh' itilefaetion 
formula 111 an eeomtrieally hiark^l th!!<i mlumn with symnietrirtt] niiirforrmnimt 
billowitiw roniiulMd ant' mxl (swe Fi|t. liH for notaiiuti): 




1 



ff t 


I 

1 







^lA 


Fni. m 


Jnti^etkiii formula 


wliero 



A jr 


AVf/2 


( 15 “'+*'■*■© 


vm 

(38} 


AV 

w“ub + 

(»» 


f-fa> 

O.fV/ 

(■ii> 


Theorel iml k\ nllowsuirt* .HhoukI mmle in Bp (39} fut ihc fact tlmt aomr of thi^ 
(•onrFi‘14* iH di^phirt'd by Hti'rl ami h ihnrefort" ineffective. rvfinenioDl ha^ bwn 

fomiij to ta* of snudl eoftfrqujencn anti liat< iafii nejEkoUni. Exprvftfflcind ^iiiHar to (he 
hIkhvi' may Im’ wHlleii for any tyix! of crosie dt^timi or arrangrmmt of rnttforofment. 
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WboB ibp i/4 ralio id gniftter Ehaii ^/3 iJmi atN^tkiii id to U- udumed crackHl and thr 
following L-quationd imy bo for a nyTBOiiM’nraliy rouildfwl Ucd cdiimo (wsi- 

Fig. 70). 


U - 2"/. ( 

■ 4 ) 

(43) 


!-) 

(43) 


whi'iT? f^* aiirtJ /ji jjtFf iti¥W(w Ilk t hi* cotnpFE^SKioti indl tf^iuqon ildel rppppciivtlyj and 



Fid. 70 


/* ii ihfM^trKEuc fthor jitn^Mi in thr faiimte. Thedc^ r-Kould not pmxii tbe hsuic nJlow&iw 
dtrenei. F^m 


N 




2 


■Uj 

2 


(41) 


.If - AV - /I _ *!’) + 

2 \2 3^ 4 * 

Lning (42) nnd (43) in Erp. (44} and (45) it oiav be itJjdTK'irt ihat 


-v -/^( 


+ 04:iiP | — 3n|a^ + 


4Jt 


) 




Al*o, by elimiDAtinK IV from Eqi. (44) and (4S) il ia found tltat 

^ (r “ 5 ) “ (®7 “0 ~ + 7 "Prf(I - 3(f) 


(4.1) 


(411) 

(47) 


0 (4A) 


To di'fsgn a atclioti for Kiv^jii vbIum of Af uni JV. i!>.. |iru««tlun» «o«M be to wumc 
of 6, f, uul p.; «/f and j may (tom )Kt couiptititJ and Eq, flA) ootord for *. TIh^ 
ptyjiimiUW valuint of Af ami A' nwy tfu n bo mmiMil*al from Eqa. {«) and (47). rompiinal 
MTilh Iho dmufd qiwntitW, ahil tlH^ procc* tiiptalcd if nwvMary. Thu otool jitntm moai 
afro Ih? clK^ki’d UMiq( (42j nfinl (4S) to bo PU-re that it la not jtovomSiqt' Thia ohvi* 
mialy ia too rumta rHitiio' a prii«4luft< for pmel Lcal u«. i tivnlviDj{ Ha il dota^ trial and orror 
and tk- aolatiim cd a rutiir To expiditc draien, manv dodiin official havt- 

rhana l>iiiM.>d on IW equaliotL., « havr drwIoM aaiitifartory appnrriioati- formula*. 
Ri4rn?nrc 14 prwiriitji anr nn^thod fof ]4ni|ilif\4iig tb? work mvolvi?d. 


lUoatralw^^^pk. l^ij^ * #Jwrt, titd cotuoui lo lake a oombioed axial 

load A of 00.00) lb and bendia* miKjwirt Af of aOO.OX) ia.db. - 3,001 uni iplor- 
nwdwtr-gnuie *leeL 
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43 . Pn?liiiiinajry usinst ACl Code equj&tion <20) 

t * 500,000/110.000 - 5,55 io- 

-VumKiw ^ ■ IB ia.t " H J4 in- 

Then a/t * 0.34?, g - 0 

Fmm ACE equAtian (20) JusuminK B ^ 

F - 90.000C1 + 3 X 0.3^7] - l&I.OOQ Ih 

Ffdiii TitWe 8^ Itifi'l tfllseD by coQtrete = 138^000 lb, 

\jcmd to be taken by imtiforetnient - 4 ij, 000 lb. 

From Table S, Tor - 0.01. load lakt-n by rdnfoiroinffnt ia 33,000 lb. 

41} OOO 

Tbu^ roquirnd pg * X 0-01 * 0.0130. 

d3,DDU 

h. Check mams^intenirtinn formuhi, Eq. (37). A lir^^t check ussui - 0.0130 
(TOinFHjUtintis not ehown) indicates that ktsu bUpcJ will be suOidcat, Thctefotie tiy 
pg — 0.01, tlie miniiniJin perniiadhle. 

00.000 . 

From Eq. (38). /„ - - 352 fri. 

00.000 X 5.55 . . 

Ffam Bq, (3»). A - + lO X O.Ol X 0,T2*) “1* 

From F^. (40), F. = 0.8(0.225 X 3.000 + 10,000 X 0.01) - fittO p** 

From Eq. (41), « 1,350 pm 

From ti,. (37), ^ ^ - 0.037 < I 

AlthiHiRli aorerat other wmlkinatiuiie of wluinn die and reinforct^ment art pvmtijsdbk 
thw bf probably a* econoTniefll aa any sow the mEnimiJiii Bmouftt of iteel u used, 
vl| rw|nirtd ^ O.DI X ■* 2.511 sq Iil 
Ci*e 6 No. d bara; Ag — 2.84 Inu 
Tiw: use No, 2 bars at 

ULTIMATE-STRENGTH DESIGN 

Aft meDlioiKrd earlkirp de»ijgja bewd on tb' true ulliniate strength of nanoete membeni 
rather than an arbiiradly liHsumed liiMribution uf ntnaft at workin^E luada baa nstoc intci 
practical Ok. In the eiim.Eit ACt CtnJc tACl 31S-M) reccmime^ntinits for iiltimat4> 
hln^ngth di-»ign. ae an optional miithial, are inpliided in the apsaindlK which ia rDproduced 
lietuw. 

*^A600—Notadoa 

■'toi lA*adM an^i toad foclott 
U - ultimate atrungth capaeiiy of see- 
lion 

— effect o4baak S^l^ui ^r^naifltin^{aftk^ad 
load plus voluioG change due to 

olAitic flcLinn, shrinkage, Mid 

temperature 

L « effect of live load plus Itnpiict 
IF « effect of winii toad 
E « effect of earthquake foroes 


K — lood bicUH- 

.\/»i « yitimale resiaLing moment 
Pfc — load dohniai by Eq. (A8) 

P« <■ ultinute atrength of eaneentricaJly 
loaded member given by Eq. (AfU 
Fu * ultimate streugtb of ^jeoRnlricaJly 
loaded member 

mawimian axial kmd on long tncitb- 
bef given by F^|, (A 14) 
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*'(6) CrnM-MrfinPmi 
Ag w gtciHri ikrea cif BccUoti 

^ atwi of tciinilo ninfarimipikt 
-li* ■* aiva or oUiupn]^ive rt.'infopec'iiiiinl 
A^j ■= steel aJrt^ to dn^^^lop t-otispresanvp 
StlTOKltt of oVittlmiigitig flange lu 
T-fitwlionSp cIpfirLixl hy l^|. <A5) 

Ail ^ total iin^ of lofiititudinat n'itiFom<- 
Dicrit 

^ « widlh of a n^Lotigular itection at 
ovpf-all widtii of ^iigc Lq T-bw> 
tmnB 

h' = widt h of in T-eections 
fj - loul dianwler of circular g^tioti 
/J, * dittcnpler nf rirelp nreuinspribing 
tlip Imiictluilinul nfinfortenu^nt in 
eircuiitr aoction 

d • difitiioe4i froTTi eslrpmp com|*re«Hi%p 
Eb(.'t lo Gvnt roiLl of tonsik: n-infom^- 
hicnt 

li* ■■ dlAtuiiem froni usilnjuip pamprv^lvr 
libc-r to ^HiiiitroliJ of emupri'^vp 
Lnfoj-wmtiLl 

r - eccentricity of aKinl loud 

from ttve centroid of tensile n*in- 
fom^ment 

e' — enct^nlricilv of Jisicil toqjil meewured 
from pljidtlc oeniff^id of Jiection 


■ eccenlricity of loaid Pk nieaemnxi 
from pleb^tiec4-ntltJ4[l of section 
f/ ■ cylinder streni^li 

/i ■ ttress ill tennile relnforoomenl nt 
ultinui.te ^^trength 

fit ■ point of minfumwnt, not to 
be inken grvaXi^t ihuJa 60,000 psi 
ku " dE^fincil by kji db^tuiiee fimn es- 
trnne coinprt^tslve Elx^r to ncutn*] 
nxiK Hi iiitintiile Klti.^iLgth 
t| ■ rut in of uVefage ctJlupresnive streK* 
to 0,ShW 

^ rmtio of dis^tiifiw eNtrenw 

comprt-^ive fiber mid r^ullnnt of 
compressive stredWH to dbitonee 
twf?en e!£treiOE] fiber and neulrml 

m = 

m* ™ HI — 1 

P = d,.. W 
p* = A//hd 

P/ = 

pf = A^i/Ag 

#V - A,/i/d 

t ^ Hniigr llLEckneas in T-wctionA, hIho 
total di^ptli of recladguimr section 


"A€01—DefiiutioaB and scope 

"(p3 This npt>L*niJiK pr«4enta reromiueDiiiiliona for deidioi of nnnforml concrete 
Htnieturw by nltinmie strength tlieoriefi, Tbc term • uliimute strength desijpi*' in- 
dirati^a method cif bftWil on ihc ultrrruile Htniqjjth of u reinforced roncrete cro?® 

twtiun in simple bending, eamWn<-d k^tiEilog nnd Skiinl \tm\ on the ha^aa of bvelttitic 
nclion. 

"(W These recommendjitioiLs ore coofined to ifn^gn of si^-tiojkjt. It iMi oi^mued that 
i^Tctcrnal monwnU and forees m titig in a stnictiire will be di^EcrniinttJ by the theory’ cif 
pliirfttc! fntmes. \%ilh the apeeified load foctorSp atri'iSH^ under wjirvice loada will reiiuiiii 
within i^e limils. 


i*A60®<^-Gener#f rtqmremcDH 

“(o) Thr Am^-riniJi Co(wrrU‘ liiHtitut*- "BujlDlinjt Todi- lii^quirMni-rite fur RcinforM,) 
<3ullrtrto‘' xliJitl Jijiljy lu Uji* ilfiijjjii uf mt-mbera hy ultilmil** i<liT>n|{th thi-ur> «'srt‘pt 

where otherwi?¥i i^viik^Mti IhiH apia-ndili;. 

“(6> AwJiiili. »f imh'lifiiiiimti' Klmriutt^. nucIi im cwniiiut,u« aiiJ nraliP* 

be baMd cui tlie of eLtatir ffftHMii, Fur huilditii^p* of uinwl type* of ,t^tu)trgp! 

lictu, quiia, oiiiJ atewry hpijthlj«, npjtnjKiuuitc nwlliuda aurb ok (he uae of rfjpflieieiilif its'- 
•iinTnendrd in tlii* AO I HuittlinB Pwie an; ju-wpiubJe for tJelcrmityitiou uf niunvrule and 

jdteara. 

«(c) UencliiiK munKfUa in c(ilupn»Biofl luejubeta rhnll be token tutu iwwotint in the 
rnipuliilioti of their rrcjiiired slrentflh. 
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111 &re1u» i\w elTet't of iihort^ikinjE of Ihi* arch nxh^ h^mpenttiLner^ jiliHtik&giv atid 
vetsuTtAAry inomeni# dup to deflection jihall be ron^idened. 

Atlehtidn rildtU lx* given In ifie ileftecliou of niemlicrts ini'luclidg the efTein ut 
itvep^ eH|iecklly whrnover thw- net mtici of rtinforeenieiit which ut drfitied an (p — p") 
Ytr {p^ — p;5 ill ntiy action of & flexural inemlier extecdet 0JS/^7/ir 

rofitrolk'tJ couerete ithould be luteil imd ithull meet the rolbwing reqiiiremeuf-*. 
The quality nf ronrrete shall lir ifLlch that llof more than one tevl ill ten flhall JiAVe on 
averatjc Htii*nj;Lh hw than the strength In the design, miii] ihu fivemj^e of uny 

ihneo ooruH^-utivo UmlM jitiAll not Ije h^ thuti the A^^uined deitigii utrvJigth. L^ch teat- 
fimll eonapt of not lliun three icUindard eylindefft. 

'^'ASOS—AsGuHiptfons 

^^Ullitnate Gtrebgth deitigu of reinfom^l concrete memben* plial] be htued an the 
follavrlng jiiHUtnptiiuni: 

“(u) Plane ifn'r’tioiii nonnni to the axh* n'maiii pbine after ht^ndingi 

"(ft) Tenwle plrength in enncfcte in neglerrterl in !#ectipiw flub/iet to bending. 

"(c) At ultinuite slr^^ngtli, slrmsef niid ^tmlm^ arc not jirofiartinnal. The duLgmm 
of eompressive eonererte dLitributlon nuiy be UBfRiined a, reetaiigle, tmpozoEdv 

parnlMlap or any otlier nhape which rc^ultj) in ultinuite ptrenfitth in reai^ruible agnM^iiieEit 
Hilh fomprf'henKtve test?, 

"(d) Muxiuiuni fibiT str™ In eoncrele dow not excf^ 

"(c) in teceile and coJn|ires^ve reinforcement at ultimate load sluill not be 

juuiuniid KTHider than theydeSd paint or @U,U0O psi, whichever ie fmaSler. 

^^ASd4—Lomd fictom 

"(a) Membem sdmil be « proportwnffd thal an amp!e factor of aafcty la provided 
Bgamet an increase in live load beyond that aasrUJiMid tn design; and strains undtr Bemco 
loads ahould not l>e m largy a# to cauae exctjs!#iv!! cmckliig. Thase ciritoriu an? sntislied 
by the following formtlia»; 

*■1. For irtrueluTvs in which, due to loi-ation or proport ion^ the effects of wind and 
earthquake loaiiing can propi^rly nPR^Tted; 


V “ + 2.4L (I) 

a ^ fC{B + £,) (If) 

**2. For structonw in which winrf loading iirnm la? cofuiidi?n»d; 

£/ = L2ftr + 2,Jt + 0.dtr (la) 

U “ 1.2ft + O.AL^-2.4 IF (Ib) 

U = A'(ft ^ L + m i (Ila) 

U = K(fi + HL -t If ) (Hb) 


" 3 . For those rttmetun!tt b which i‘arthiiiiakc hiadiiig miirt be i^nnidi-red, mil^tlluLn 
E for IF in the ptw-eijui M|tLalions. 

The load factor, shall be taken W|Ujil to 2 for pulmiui?* and n^mbenf subjected 
to eombiiKHl bending and axial load, and equal lo 1-8 for bcaiiis nnd girder?! Huhjecl to 
Ikending only. 

"A60B—Rectangular beams with tensile teLnforcemeni only 

"(o) The ultininte rapewity of an underrreinforeed ucctioii i# approached wlicn the 
Leninlo flteel begins to yield. The steel shall then be arflunH?d to eloo^t# plasticHlSy at 
ita yield paint strvfap lliereiiy reducbig the cMMcrete area ill conipn^inn until crushing 
tiLkcN plaw. The ultimate ^Ireogth so otitnioMl ii njiitmllc^i by ti*jLKion. 
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ft£tSFUtiC£t> l'UXrEl£T£ 


"(b) The cotnputMl ultimnte^ mumcfit Bha\\ not tiuit ipym byi 

Mm - “ tt (Al) 

ID which q - p/bZ/c^ 

"(tf) In Eq, £A1>, thp imudmuin ratiraof mnrofci^ntcnl f\»A] he m limited that p ddda 
not exceed ^ 

p - D.^0////, (A3) 

coefficient D.40 to be rcdurtNl at the mte of 0,025 per 1000 p«ti concrete rtrcuifth 
bi exeCH of 5000 peri. 

'*AG0€—Rectmnguiu beucs with uunpfci^ve rcuili;irtcine»t 

The nltlmotc moinent ^hnO not fseml liial rcmpulrd by: 

Mm - (A,- - 0.5S»(fi - A- A/U*{d ^ (.43) 

"(5) In Eq. (AS), the nittxiniiim ruUo of reinfort^nient aluiil be «> limited that (p — p') 
ebra not exceed the value? idveti by (A2K 

"Ae07—T-secdoafl 

**[a) men the ffikn^ thickiiciH e^\lnb or cxixedi^ tliw dt^pth to the ncutraJ axis jfiv-en 
by W “ l.SOqd or the depth of the ofinivnienl stifiw blwk (l.l^ the setlioo mmy 
be dwiKiHHl by Eq. (At), with q Knnpyted ais for a fectanmilAr lictm with & widtli <^unl 
to the over-^b diinKe width. 

"(ft) Wliuu the fkn^ thicikncss w tcasa thou k^im hiu thon the ift-plh of the cqtiivAlemi 
■tivm block, the tdlimiife mcniefil rthnll not exceed that i^omputisJ by: 

if. - (4, - A^)f^[l - D,.Wfpi. - p/>A//,'| + - 0.St} (AH) 

in which 4.^, th^ «t«l urea nmnwr^- t* djevclup ibe cfioipniwqve »ln<f]jctb of ihr ovm^ 
JiniURinx portiana of the flange^ 

Am/ - 0,85(6 “ (AS) 

"(c) In Eq. (A4), ihc inuiniuni raUo nl reinforwuwnt »hu]t hip m limitoij that (p. - 

Pf} dww not exceed the vnlum given by hap (A2). 

"AS08—CcnccEitncallj leaded ahort colmnoa 

“(o) All mpmlwR. subject td a^nal IwiiJj. »hall lie dpwpicd fw nt IcMt » tninhnuni 
eccentricity: 

"For tpirally reinftirrcd columna, the minimum Dcwntiii-ity oiv^iyiuml fnm* the 
cimtAHlnJ «sip (if column iImII be 0.05 timc« the depth ol the ooliinui «n.tiou. 

“For liwl cnlumoi. tJiii imninuim nxcnlrieity idial] I* 0. ID tioten tlic depth. 

*’{h) The imuimum land capurity for rodErnliic kaih fur imm* in Eii. (AlO) b dven 
by the foiinuk: 

f* • 0.35/c'(4( — 4,,) + A,i/f (A6) 

*'A809—^Bendine and udil Ictad; Recungulv lectioo 

‘■(tf) The ultijiiutc eln-iipth rtf hwmiM fti puIvhci to ramliiiii-d bendioK and Mini load 
eliall bo compulrd from Oh- t-qunliuru of t-t|uilibriu[ii. which wlich t, la lew timn tinity 
may be expFEBeed ae followe; 

Pm “ O.S5//6db^i + At%* — AJt (ATa) 

Pmt - 0.85/,‘6d^ii,*i(1 - 4 . 4//»*(if - d') (A7b) 

(Js'y/hSSftta'lkrSSr^ cwiianmit, P.ialor»tr«t iH.trtx.riii.a 


TJLTHiATK-aTHtrMJTH 
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Eq. (A7») Kikil (ATb]^ ^ tak^ii m Itrfm ihan O.S, ud ki iduill not be 

takm Rr»ter thnu O.SS tor // S ew-^ient 0.15 k lo be frduced nt the 

rate uf 0.05 per 1000 pui eoi^nrle ptreiiKtli m cd MNK) pd. 

'^(h> It ehall be MUinnj ihpt the mAximuai enDcnile «traiii w hmitoJ to 0.003 pti 
that tbe iection ie controJIed bj teiwott when: 

P,SP.- (5s^)/.« + •<.■/.■ - -V, (.«! 

being limited a* for Eq. {A7m) uid (ATl3). The «wljoti $» controlled by comprpntian 
wiwn Pm, rxfwd* F*, 

"'(c) ^'hi^n ihe BecUon ia cDnlfolW by tenMon^ the ultinaau? fliren|i;lh pIiaJI not etccod 
that com [Kited by: 


P* - OMf/^iipW - pwi Hr fl - t/d) 

+ V(1 - »A0’ + JiC'/'flO™ - + p'w'<l - d'Mtt (A9> 


"(<f) ftluMi tbe M^inn w controllrtl bj- wmprMwion, a linear n'lalionvlup Jjetwwn 
«»i load and momi-ul may b* awumed for valia* of J®, belweou that giiTo a» by 
Bq. (A8) inwl tbe t!onci:iitric iilti ma tj; EtrciiKth P* ipven by B(t> lAfl), For ibis raii|{i> 
Uio idtiaiste stivnKtb may be computed by tHiber &[• CAIOJ or (Alt); 


r*- 


p- - 


_^_ 

i + iWPo) - ik'M' 

A.% 

f7(d - + H esh-va + MS 


(AtO) 

(All) 


"A€l(^B«idin£ and uial load: Clroilar sections 
"(n) The ultuimtc aliongtt uf cifontar sertiom subject to cwmbitHd btndmg and axbd 
inftd may be computed an the baaif of tho oqyjitioci# of equibbrium laklug into acenunt 
iucbifftit didotniatiomiy or by the empincBl hirmulAs Eq^ IA12) and (A 13)' 

"When tcnaiDQ ctmtiuln: 


p. - om'up ‘ 


(AI2) 


''Whi>n compraMon contmlii; 


- ^ 


AJ/ 


B.6Df' 

(O.Sfi + 0,lt7/i,)* 


iAlAi 


+ I.IS 


“A611-»Lotk| oiemben 

"(o) When ibe unsupported lunisib. L, d on awatiy losdid f 

16 tiiiKv ita Want laiend dimimsioo, ihs" rnasintiim a*ud l“wb Pm . « ('rmitiw 

by fliHf of tho rolloiring melbid#: i * i ji 

“ 1 . 

"2. A staHUfy delermination for P,’ may be iirith an apparem ftdu«d 

of claAtieity uiumI for iustoined loadi^ fftieh ihp raelbmi itwmr^'n . in ^ _ 

ACr Committee- 312, 'PUin and Rfinfnrcid C^nen'tr Arrhas Ma> IftSl, 

V,47, p. 6il).^' 

” * CdffTwtiMi fur fVMretr mrm A-ptliEfd by f^vnmUTr ™tcrf«iPI™t ^ iulrtf»rtiti« 

fFWn/p la Ihi. tMi ntily.'” 
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K£ 1 \ M 1 RC Ell CONCRETE 


\S'hiSi^ arv HtOf m thi.^ iL^Viplopiiv^nt ^ 1 ^ 4 ^'- aeicI tin e<»vrr 

injch ihiTii^ Hhuar botiii, und nai^t huds of Afiiily*4l»ip tfwy n^pn.'^^nt a nuijor HiU-p for^ Artl 
and a. preview trf tiu' form faLun^ di'stipi ruk^^ nn.' lilcidy to attaiii. Tktv 

n.Fpreat‘nl the cumpoditc efforl? of a ininl ctimmiHw <jI I hr A?^CE nitd ACI hpt folbw, 

ill nmny nie<piw’tit, ihur hJra^ nml methodw udvattn'i] by 
C*. S, liVfiitm^y In Ru'f. 10. rru^t4.iMi ud" jittiirnpEhip to 
t<ijiiuLntr niAtheniatiraLly ihi- slti^ diffiribtiliop in a 
htwii ai failure^ WTislrw^y HHrtJinKl thr fiimplihrd n-c- 
tajisrij.ljtr block j>hi»wih 111 Ki|!:. 71. [fe fyrlb'r 

(uu^nnn^l that forati uiidL-miliirur^-El ^M^arf| railuTi" 
fimt by yiekiing of the teiwbh n^olorri.mii-nE, but that 
before rtmiph*te cyllapML» fi^ecma the stn-®* in ihe <^n- 
erete wiU reach (be L‘ffi;*eEive ultimati' for -■itiiw nr NUK- 
lnini>c| kwlK, approxl niateLy 0.85 //- Applying ihi' 
iM:|utitinn.N of Kiatinf) to Fig. 7J, equation rAI) of tJv 
ACI Codi^ ifl ohlaiiRiJ. For tialannil or ovTmMnforia-^l beaniH ^\Tiitncy ronrliided, on 
an empiriod hads^ that ibe ultlniaLe bunding monu-nt EiiaV uupn-iSiiiLtl 

\K - Hfrb^ im 

Whiitw'y app]h;d the r^UfU Approasdi -ifa^ un- isf a r:itnplihf>d rectangular Ptfwstft 1:^1 A'k 
with the n>niillj4 mochfic^ or adjujittJL^ whs^n^ m^^TV to iriih t lupirical data—Io 

ifi-vt'bp liujcign ronniila^ for hw-armH with «nnjwea?[ve fuinforninR^Eit and lueinbt^n^ mib~ 
JeeEr<l to romhined bending and a.tia1 slru-w. For efUici'jiinctdly kiaileiJ columns hu 
rnlfow^^l ekwH ly I he na thtai already in oki^ whieh, oj^ staled pmioiiiily, in ba^^l on 
uMimute j'trengfh. An inLliraiinn of the owriti^ of tha.: Whilm^y IhiHorj^ id glvi-n by Fjg- 
7^ in which hti* i.N|iiiiiioui!i for with lele^le reinforuuriu'ni. only are etnupaftd with 

tiwt nwultii. 




T 


b: 


C’0.8Sf‘gb 


Kio. Tl 



M 

bd^fi 


FlO. j 2 . Tljcorelii^ ullitrknti* f^f rfjciffplp iipn/ticl vrilli iwult 4 ! rtt 


Fillin' 7li eonRMin's » (Jmign h>' ihi* W hiifU'y plAi'itc-tlu'uiy uiih «ik‘ by 

•■trwRhl-liiM.' tht'wrj'. rirvural jxiiniA itri' jiiipiuvut: r|) fnr tii‘iiiu!i with |nw purn'nioKi'x 
<pr mnforNim nl thi-n*b liuk- -Hfli'iviuv' Ix-iwt-t n ibi rmultA DtpiaiiMid hy th- lwr» tm>thfMi< 
wtn'ij romiWplK Niiftt.v fitrlors wt' r2} thi> mmjjthl-lini' tbctirv lui pnvt ntty umil 
timlirn^limAtpa thi> noirtMo- of thi- conrT^'tp; (»> jt. * orpnf«iii<.t»«* of (21 th<- (nii‘ (khuI 
of Ixtbinn-pf pliHiKn i« roiiwdi-nJjly htuhi-r ihnn ili>limli'<l h>- Ihr sliWj|ht4iTH- (iw<firv. 

II IH r]p|}ti>ult t« Rt t AA milcli *10 S ! j to a [w-rpt f.l vf n>mFomtni>lil in h Ir'rIii 






































































irLTIMATE-STRESCrrH PE3l(5N 
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Fifl. 73. r 4 iFii|»iiriMSii of reabtirig CEiEiiaphl ftf reclftiMfulur (iciunii rtllpulit^d from straight lino 
aqunUonn ami Whiinry cHmatlon* with a nofely ffli^torof 2.5. 
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Fia. 74. AloniPiit ra|?w*ily df riK^anpilftr awltctnii wklimil T^liifffl-WTrfcPnt. 






















































































































































T-1 BO EEIS fohce d concret e 

Ilf (spaft^ Eimitaiiotu, jmd mlfio W pconoau-e it \e dcinrmbk' to uw 

liTrtH It will bc' fotij^rJ in pfutticv thjil virluany aII iHijuiift afit ft.'aSlv un^^jL'miLFif-urcpdi 
i^wti thouiEh thr^ i^tmiKhf^tiiie lh«>ry indicates an QvvjrmnfvTmi c^imlitioji for rmtln* 
than nlHiLit Q.OL Thip hriisfpi nul ihi' IroiMN-limt t»riii^licaJ fart ihAl r^jiiloj-diig 






Pfm* 


Fici. 7^ DiW lo&d jr«-lftiiffi|lpir with 

♦*«itrifiiliP!ai luid than <if eouai tn f/IO. 




of atnrn^h* ihjij. conuntrti «l pn^-nt iiuiy be tmai to <inoi- they 

«pob1.. of rt*wlnp,ng ih« nwfTC Btirngth of onlinnry or high-^twtigtli eenmZ 
inf^ut rL>quinng 4rt«H«*ijon.l «n.^ C<inBido«bfc mtusalioo ii. bcii^s Mid 

A^vdopmoof of toglHitrvnKt h reinfur^nipnt whifh r*n b« produced ot rcMOMbl. 

fn niutioo pmrtiiv ohiw ond dumoaol twnmun ijttn ooiitniL mgJwr Plm«-o in th.* 
»tK rnon-temk Pt«l omn*> hiKl-.r d.i™u„lp far *h(^ «„d bond .^■ob.looo... 
Thu. H- ft subjert ibai tii unikr^ciinK much irtmly. ultiinatiH*trintsth di^iijti uo- 






















































































irLTIMATE-BTItENGrH HESIGN 
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llhj iiH:> df aSmllciWur iftf-tion# ddlliwtioii htwonu's mon? of a problem. TIm^ 
pren-ht ACl Cotle hrodiittnpfidatioiu at tempi I* cowj thw limiUlionfl by rather enri- 
aervatKi’ bteritti meAaL4n.ta. 

In tbii November, A€I Jinarml C. f?. l^liitney imd E. Coheii presentecl the 
papiir. Guide] for CtLitniite iStreoj^h Deaii^rk of Reinfareed Coneteto i(Iler I3^>, This 
(lapi^r foliowa Lhi! ACl CskIi* n^coraitiendutiorui in principle. The tiaeful doFigm chariF 
nintaitied hehdn tF»J 5 ?*. 74 to 79) art? reproduced from that paper with permbsion. 
Equatioru aod equation numbenr aJfc ftom the pHpiT. NtitAtion fpllowa the ACl Crtrli’, 




Pin. 70. fiendinR aod lULal |ui(4—rf/t " KceeBJurular seeticina wilh a,VTTiEikPlrirat rein- 

^ireecnfQt. 






























































































































































7 - 11>2 


HEINFURtED COSCRETH 







F'jq, 7T. JlrtiilFhii aiieI a^ihI IeiaeI— 4 ft m 


HcM^LArtHnliLr mc^lwnt^ with flyii]rEi.i?lrir-Al mm- 
















































































































































































UL.TJMATE'-STR^NG'tH I^EBIUX 






3L 

0 */; 


riit, 7S. H^'U^iiig uicl ulbI loud — tf/tt ■ 0^, C-'ireiiiju' Hwtiucitt n-itli niiifnt ri'ififnri?eiT>snt . 
























































































































































































RElXFORi'ED C'UNCRETE 
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Ftil. 7B. an,l . ujij. w„for»m«,t. 

Ei-fflples. 1 . A 12 by 24 i, r«idcir«Nl with S No. 8 b^n, it. tw,> 
TOUTS. IntiTmrdititoitniae st«vt {/^ - 40,il*l iwi) smi // _ 3 qoo j,^| Conipurt 

the dlcwnble rnommts [lisU>rminni: hv ultiniui 4 VHtrfln.rii, 

Flruipht'linn theory. AiwureHt n load fm-tur fi omial ia 1 s in thn nitP 


mum - O. lfl X 3.000/40,000 •• 0,03 > p 
FTOm A<*[ (.’qiwlinn (Xl), 


<1 = 0.0251} X 40,000,3,000 » 0.342 
.W, H 12 X 20.6* X 3,000 X 0.342M — 0.30 X 0342} 
- 4.130,000 in,,lb ' 


The ftltowulilp nesdetinj; tnairvent eiiuitln 

A/, 


MJK 

I 4.130,000/1,8 
2.300,000 in,-lb 


f'rutft tig, 74. enter riKhUiMd side *t p - 0.02W, p„ 5 t«d hnrieunUlly to the Infi to 



























































































































































































































ir LTIMATE-STK ENilTU UEBlU S 7-1 

/, - 4O,OD0 pri, drop verlicnllp to /#' " 3.W0 p«, pnruwfj hnrixantollv to ibe Ml Allil 
rmd the vnluc of -Wn/W* • 810, Tlwn 

Af^ - !»1D X 12 X 20,5’ - 4,100,000 lD,-lb 

6. StHLi ph t-linr theory, ACT Code, From Tabls 5, p for bqilmited draiRii is 0,0136; 
therefore bwww fe overreinfort^. 

From nod (4), k ■ O.filO, / « 0,830, 

From E^. (2), Af « H X 1,330 X 0.510 X 0 830 X 12 X 20,6* - 1,440,000 im-lb. 

The flUowftble marnfAt by ultimnliMrtreiiftli thenry. which aeeoimto for the reserve 
etren^h sf the ooneiete, in ever 00 percent greiiier thnn to- con vrntkiniil ibLAry. 

2, The name beam is rrinforccd with 4 Ne, 8 barn. Compftre na above, ,4« “ 3.14, 
5-12 in., d - 21.5 In., p - 0.0J22 

a, ritimnto^rtronjtlh design, Fmm Fig. 74. proceeding an before, read 

.tf./M* - *40 

.V, = 440 X 12 X 21,5* 

- 2,440,000 in.-lh 

.If* - 2,440,000.'1,8 - 1,355,000 in.4b 

5. Gtfai|^t-1ine theory, beam ia underrwtfofccd. 

From Table 6, fc - 0-380, j - 0,871 

a; - 0.0122 X 20,000 X 0,871 X 13 X 21.5* 
o 1,180,000 in.-lb 

in tliia ww where- the tewilp ttanfam-nnml tlefiniH'ly rontroln, the allowable moinent 
by ultimate tbrory ia only 15 perront lilglH'r than by wnvenliaDal theory. The differ- 
ent.-e wutild be reduced fuitlier if. instead of uning the ACf uLtlnuito-etn’ngtii juad factor 
K of 1.8, a farlcir of 2 were «wd. This wnuld lie in line with the factor of safety ui9e<l in 
wnt-enlionttl lUwgn aino! /*//* - 40 ,0«l. 20,000 » 2. In that ewni Uw allowable 
motncht hy tdtimale^trengtb theory would be 1,220.000 in.db, only 3 permit higlicr 
Ilian by conventional theory, 

3, Same condition^ u» Example 1 fp. 7- 1 S3). r>w,lgn a square, short, tied rolunm to 
Lake a comidned axial lond A' of 90,000 lb and iM'ialing moment ,tf at 500,000 in.-lb. 
// S^lKlO pni, intermec|iatoH(ni<!(‘ steel C/g “ 40,000 pal), e' — 5.55 in. 

Aaaumat « 14 in,, rf — ll!i in, Thm e’/f ” 0.390, d/t ” 0.S4. 

. = i.t 7 

" ” 0,85 X 3.000 “ 


Assume pi - 0.01. Then mpi » 0.157. Eoli-r Hg. 7tt with the nasumed values of r'/f 
and mpi and determine, hy liiterpolalion, 


Then 


p,r' 

Id*// 


0.148 




0.148 X 14* X 3,000 


- 220,000 lb 

.1/, - Py » 1.230,000 iii,4b 

.Assuminic a Joatl factur A' of 2 CAC! Code Sccllnn A OOI) the nllnwahic axial load and 
lamcling moments nr<‘ 

A' - 220,000/2 - 110.000 lb 
.V m 1,220,000/2 - 010,000 in.-Ib 
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RELVFtJkCtlD CONCRETE 


Any prarliml icmnUpf Bection would riM|uin' niun? fi'itiforpfiiH'tit. Thi'fpforp a 14 X H 
mlnmn willi thi- uiitiitn'um di‘?«irnhk' n4, pr - tl.1^1, will U* uft^l. 

.Ur - O.Ol X I JHi Ml in. 

l/SP 4 No 7 hRi> Mif = No 2 a* 12 

Notp I ha! Ihp tn-ctiun hi'oiiloMi Ia tt|3pr?dably PimaUi-r than ihul rp<^iiin>d hy thr AC I 
CchIp Inlcmrtinn formtilii (p. 7-151). Noto nli^ that thi' ulliiiMtu hhaJ in ipivc-rni-d l>y 
VVhitnpy ami pfj^iiatino (2d) whioh iiRlirati^ (hat t^^nnon in thi* n^ififiiro'niPiM 

oti thp away fmtn tlip luad w nmlndliiiK ACT CwV .Srclion AdCHho). .^Cl 
I^uatinn (A0) ifl equivalE^nil to £q. {26) of lln^ t^harl^], !e will In- itivn by eh^hjm i'Ehhi ij4 
I hi' plinrtj<; that, for all but vijry low *w:<?entrifily mt ioH and hiich pi^rriuitaiE^>^, ti-n^ioii 
Kuvrrtfcfl^ Furthi'imarr for iatge- cccpntricity rutiuH, moment n^tinn; raiattciTy of 
thi* M'ctioti itf thi' axtal Pompn^wivi- fofi?t irkrn>aM>^, Thlf^ h* la-raa-w thf- a^idinl 

ecuikprE-^ivp forest the ten^don in thf atcpL Thi■n^^o^i 1 , for rttptnbt^n with h high 

ratio of bfiiding irvoment |:o axial mtnpn^vt* forec (#7l grpaipr than, about. 3^ jniph aa 
thi^ JwiutLA and girfli^n of rontinuou^ fiaiaw', it U oonPFrxut i aikI aufliric-atly accurate 
to tk^l^ for bi'CidinR cnEy and thi' axia] fwot-. Thi^ dof'tn not hold/of ponrw, 

when tbi* axial forrt' \n (l■nHile. 

In a p&piT by P. U. ForgitMin, ^impliHcallun of by Ulllrxmlo Sin-nfith Pro- 

n>dujva {R( f. I6j, ihi-n? an' adrliHnnfd r3uunp1p<i ilbb^tratinfir the applimtino of iht: 
ACJ m?oEiiink niiation^ for iiltlmatEv^irt-ngth di^gn. 

REtWFORCED CONCRETE WALLS 

Roinfnrct'fl wntn^to walb arv of many type*: loiul-binrliig, nUinirut tm^losiire, 
panid. hFv wallfl. foundalion, jiarty wahH, olo. The^ .ACl CcMfe mvtitm lHf gjent^n] 
qiiiminpnlA in f b' Following 

“ill 1—Reinforced concrete waJlg 

"(n ) Thi! ftlluwatih' jurwwsB in fi-ltJorwi eonrmti' Ix-ttrinif w&nn with mini mum rcui* 
rijrifi'ii«'nt ^ iiKiwin^i by sv-ftioii JJIJlhl, Hhall bp fi.25)V' fur Whilji having a rftfio df 
ht;iit)il (ft rhirkninw uf irn or te«, auiJ ithall lx- tintportirmaltv (o D.l^/ for 

wulbi having a mtio of bi>jghi In ihicliniiw of 3a, Whi-o fhi- n'infww^-ht in lowing 
walln b liffliigntfl. pluEftii, aiiii wirbnml in pmiiion □.< for (ifiJ rulnnifw, (hr Bllnwnhiv 
amwtis J<hnl| }m' tJv‘ Ijam.) of (vHriioTi 1104, aa for culuhifw. In rhi- uf eo&nnirpftt.^l 
Ujiuli., (!.' ii iiKth of Ih4> W)itl to fa- rom^drptti u. ftfffclivi* fop i.'Hi.-li ^hail not oxiami the 
cciitcp 10 ft'iiur (IL.tjuin' fH'twHHTi lowla, nop shjiU it i'k(^kh| thi- wiiltb of thi- livaring oIum 
four liuirt tbu wall ihirkm-sii, Thi- Piilin p, ahall not E-xe-t-ixl O.IH. 

•‘^h^ WdHs ahitl] bft cli'rtgniHl fop any Inli rnl IW .Jlin p pnwun- to whirh (bry Mt- sub* 
Iwtrtl. Prtiprr pnn,Tflion HhjJl ia- nwh' for tw-ntrir loaiU ntiii winif titn-wea. In !<ljvh 
(li-aigtia (hi- allowahli- Bln-jnn-a nhutl h.- iu> givi-n in Sfi-tion ^(af and 003^^^1, 

‘■ti*) Pam-I anil i-nelomin- i™!|b of n-infopiail rom ri-U- rhall havi> n thirkm™ nf not 
lew thjHi 4 in, (wtd itnr l,w (hnn l/30 tht- liieionn- iK-taa^-n tho "iippopting orf-npTmitig 

mi^nibrrF. 

*'i(fj Rrinfopctal pont-n’tt- f.-arihg watli< of biiiliiinp .,hai[ b.- not li-w (han 0 in. iMrk 
foe tha- upiM-rmoi-t 15 f! of Hkip heiKlit; Rnd for i-m-h eurivwtivi- 25 ft flownwapii, or fmt- 
linn thi-Kuf. the- minirjium (liicknrw i^hail be inmisawl l in. Riinfom-tl eonm'ti- (a-nr- 
ing inJln nf iwiMtopj- liwi llini^ may tw 6 fn, ihiek (htwighoiit ilji-ir lieijilit 

"fr) ^toiior ti«,-i™-n( walb, foiindatinn walk fin- wilIIb, and f^rty wail,. Bhall not 
iw Ic^ than 8 in. (hick whiuhc-r it'itifamHil or nnt. 

"(/> Ri-infoprtil wmervtc b(*arinK wiJl-. ahnJI have- a ihit-ktu-w uf at k-ai-t J/35 <if ihi- 
Unatipporti-U fH-ighi ur wkith, whiehevi-r Ik tbi- nhorter. 


i'MJUtt fiVfiTEUK 
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‘•fB> Ri infirtrt^l rt>nm'tc w*!!* ^hall bt‘ wirliDn.'tl lo ibi’ lUiotti, nr to thi' (HjluiiinB. 
ptla(it4:n>. huitnwii, ullj iiili-nii>rtmK waIIh with h-infoTOi-nwnl jit k'ftpt n)uiviik-ni to 
(^3 t«ff 12 in, 1«1 Wiitera, fur ™rb byi-r of wad prioftirtic-mfnt, 

"(fc) "IV iwra of thi' btrriitoniai n'inforooiiMmi of ninfowd concreto wads ^luiU bo 
iKil lew than O.WKS atul that of tb- vi-rtical rvinfu«iptiJi-nt not ha» than O.OQ15 iiuh-j* 
thi- an-a of ibi- n'inforcral mxlitm of tbi' wall if of haw, and nol lirw than tbree-foartbn 
u niufh if <if wi'hM wiio faliric. Thf win- of the woldi.'J fabrii- nhall l«- of not haw than 
No, 10 A>laW gap-. Walla mon- than 10 in. ihiok, oSA-pt for IjaA-moni walla, ahnll 
havi- ihi- n-tniom-nv^nl fttr turh tlin-rlion plawd in t.wo layoR^ parallirl with tho fa«'* 
of lilt! wall. Ono lajTr atiwistin^ of not ks» lhatt iino-Mf and nut mort- than twi^thimls 
thi- total n4|um-d f^halt Iv plan-d not kw thnn 2 in. nor motr than itni-thinJ thi- thirhra-iin 
of thi- wall from thr (Trt**rior suifatt-. Thi- othi-r Inji-r, rtttnpriMnK ihf Italancn- of ihi' 
n-riititnl n-lurnriMmi-nt, iihall he pWatl not li-r^ than H *f "I'l ti"* *•*"" ‘►tn-tbird 

tin- thictiiHw of tin- wall frotw tin- intt-rior surfaiTt-. Biim, if ufi-il. hLhII not he h-r» than 
(13 bant, nor -ihnit ihi-y be f-pan-rf mori- than 13 in. on n-tiU-ra. Ifl’i'liiwi win- ti-tnfom- 
uwnl for wpJlsc nhall be in flat form. 

In adtiilion to the minimunt ^ pre^'ribed in StN-Uon 1UI(H> iherc Kholl cie not 
Iprtu IhuFi two ^5 ba« lUtMmd all wnndow or door openinits. Ifrfirfr shnll cJLlenn 

nt lefwt 24 in. b<*vnruj ihe corner of the oiwninip. 

"(i) \\"beFt‘ reinforiW i-onerete befiririie walbi roiijtjflt d hIuiL- nr tiW tied tG^ellitr hy 
n-infoived irnnrTete tn.-mla-w nt r-jt- h ttoor leiTl, the rtud=. may k-tOOKitiored at. columns, 
hul the rej'trletioni*^ na* to niuiimuTn dLinieter or thickness of eolumiiei 3*hifi!l not jip|ih. 

“(*) The limitJi nf thieknespes and quaiitily i>f reinforri-ineni may hi- wniwil when- 
rtnictunil anjilydii shown uJeqiicite ntrrng,th twni z^tnhllilyL 

FLOOR SYSTEMS 

A (tcneml deseriptiuti of the more coimnou types of fkw>r M^temPi hn^ t^n^n givrn 

prcviiaixlv (pp. 7-102 lo 7-110). Normal tlmpi pnawlunwi w-ill In- eowred Here. 

One-way Slab Floor. Tin- one-way floor slab epannlnK liclwwn beuntK ginJi-w. w 
wiilb^ \f difhij^iwd Itf ft seHc^s of aiJjiiri>nt pfirbllel tliln The fmet ihftt 

wijanttitni introdures eurling or warping tenih-iH-tiw due to the "I'oksion mho eff^’t 
of pnxtueinic Ijitcml espamsiofla in legionH of tiimpreswiMi. In utdtnnry deeiKn ibia 

nepert U rlien-KnrcInl. . j ,• i . \ 

For imt-rior floor and roof W-in. protection i» noniuilly ntniirod bn the clear}. 
Shriuhtfe and tempfralurr ri-inforci'iiM-nt w retiuired at light atiglee to tfn- SMin rone 
fom-ment at npnrinip. not eacepding IB in, or more than five tim« th,- «lab tluekni'«.. 
Sin'}! Hteel may Iw in tin- form of i-inall rodn or woven or weldtil wire miwh. the amoonl 
to be ttsed varying from b-OOtS lo 0.WK23 ttinis« the aren of the emhcddmg iinnnti- 
(fi-nm O.lB to 0.25 percent W). 

Other Floor Coostroctioa [neludiag Rat Slab. Other ri-infona-il coia-n-ie tl,K.f 
i-iaoilnirtimu. il.etu.h- tin- mnnoUthirolb plantl *tah and }^*t, the hKHITOJf eliib (eup- 
poried oti all four inden) and the various forms of jffnt »foh. 

The ftal sUlv eepeciallv, i» iiighly indetertninah- nnd eunent design icquirenienta 
are iimad largely on the roeuUa nf ti-rta. All th.sa- constructions are sp.-cinh*4vi and 
will best be 1 ‘nvi reil by dircel exta-rpts from tlie cum-nt ACl BuiUlmg t'oJe. 

?(MI=Concrete joist fl&ct cfloslitiction 

"(n) In toneroU- joist floor riaietruetiim iHinristing of eoiierete jobls und slal« plnoed 
mnimlithieallv witli or without burnisJ cluy tw r-oncnJli- 6k' the joisls shall not 

U- farther apart titan 30 irJ, faei- to faia-. The rik shall tw rtmighl, not l.« than 4 in. 
wide, nlid of n iteplh not im.ie than threi- tinire (lie wUlth, 

'-(ft) When InirnisJ . lay or eon.-n-tir tik- liUi-n. .d m.iU-rinl having a a.iil e«m|.n«sjve 
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REINFORCED CONCRETE 


«4trciiftLli lit lea*i cquiil to tluLt ol the Htrviifltli of tbe courrete in tJie joiau are 

Lined, the vertkul ahelln erf tlie Mm in cant^^t ^aith Ihe joiftta tmy be indudixi in th« 
mlctilatlona invol\dnK ntbi-ar or negative fcjptiding moment. No other jHarlion of the 
filters niay be ini;^liided io the deatgri ealnilAtioiifli. 

*'{c) The com^rele nlnh over Ibft filters ahnit be not Iwa timii in. in thirkne^, nor 
tewj^ ill thlekneA^ than Hi ^ t-he ciloar iliatutnee betwwjj jubEta,^ Hhiinknio* tvsnforceEnent 
ihall be pn^vided in the alub at rigihl nngtea to the jouls aa riH^uiretl io Seetion 7W. 

*Trf> WliR^ removabk' (orim or filhm not complying v^hh ^tinn 70S[b) are iii*edp 
the thickneaia of the eoneivlo alnb ahnil not be lew tlLao 5^2 of the clEar dir^loitR* }«- 
tween jquO and in no ejwi> ]t^ thnn 2 itL 8^icb slab #imU be reinrotirexi at right ati^kv 
to tlie joiatii with ml tpaat the amount of reinforeemenl n^quired for Hcaurej giving ij«i! 
fofwidetatbn to wneeiilrBLlinfw. If any, btit in no abiJl the n-inforrvmeiit be Inn 
than ihttl required by ScKitiqn 71)7. 

"(e) When the hnjah ii«?d aa a wearitig surfnee L- pJami tnanolkhieafly with the 
Ftrueluml slab in budiiingn nf the warehotme or indiifEirinl tdaKM, the ibickne«$ of Ibc 
conertUi over the fillera slmU 1*^ H in. Rn-ater than tht^ tJiiektw^ used for ik^igji putr- 

pCPflCR 

■'(/) Where the linb eonUiiu oondiutM cw pipm lui allowed in Seeiioti 503, the thlrk- 
ni«e ehnil tint he lew ihaii 1 in, pEiu ihe tout cvef*jill dejrth ot mch eobUuite or pipe* >t 
my point. Surh rondiiite tt pipw. eliitll be w lomusd in. not to impnir lt« etrenetli of the 

const ruelioci. 

‘■(ff) f<hrinkiiKe reinrortciui<»t iilinl] not be rvqiilh.d in the elob potallej to ibe jwbn. 


'’to*—Two-wty gysteniK aritb supports on four aides 

*'fii> TJiie rciiHlruclioa, rtinTorced in two diteotioini, iiielutln «jlid reiaforwi eoti- 
erete sIhIm; concrete joists with glleni of hnllon rotirrete unit* or tky tile, nilh or n ilhout 
concrete top sbbe; mid toocrele joists niib top sieW pla.-«i tooholitbiLiilIv with the 
,o«rt« The tJnb elmll to supported l>y walls w b.«ni^ «i, all sides and if out SMurely 
sttaqhad to ^pjadrti*^ ahall In? minforced iia Hpeeihed in JScctbu 70(>fb} 

“(ft) mere ebb i. not ^ur^ly nttnclied to the supponioB beam* or wall*, special 
reinforre^nl a^l be provided nt eaterior conifire in bod, t),e bottom and p,p rf the 
slab. This mnforeemrat shall be providisj lor n diststice In each direeUoa from the 
cormr equal to one-riftli llie lonxert spoil. The reinrorcejiient in tlie top of the ebb 
shnll be i^relbl to the diiq^ from the comer. The Teinfon^ioent in Um bottom of 
toe sbbi^ll beat nght noRlss to the ilbRutiol or niay be of bam in two dirtelions potollel 
to the Mden of the sbb The reinforrement in each band shaU lie of equivabm sise and 
^mcing l* tiiml Inquired for the nin^imum po^tivc moment iq the tthiU 
*‘tr) The sbb and its support* tooll bo by npprovi,! njethods wJnek sl.nll 

toke into account toe effect of continuity at siipporis, the nilio of lenRtli to width of 
ulab nm\ the dfiMrl of twH>way action. 


“W In no c^ shall toe sbb thkkne* be h^ than ^ in. le* limn tlie p,.rimete, 
? ISO. Tte spmnoK of rcintoaf ni«,t shall he not more than tli»t 

tunEH the Hlab tiurk£L«ig$ and the ratio of rrmfom-iueni nlkal] be at ttaAt 0 O(52o " 
^{Two inetooda of nnalyais are preseulcd in the Code, MeUiod 1 b not here. 


*'MfElLOdS 

“Notation— 

€ - mament ml^vkot for Iivckwa>' alaUs gtven iq Table 3 
m « ralifi of jihort ripaq to lonj^ span for twowav aktin 

^ ■ renttllie 

r.;' 3 r:str„tL“:rsLr •'“■ 

ur “ total unifottq laad per ft 
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a—Moment CofrfflcIeDto 





^bnrt upon 



Long 

slmn, 

All 

vjiIuus 
of m 




Valitufl nf m 



I.D 

03 

0 .B 

0.7 

0.6 ' 

0.5 

pud 

leiui 

CW 1— Interbi- pimeb 

Sean live nituwnt ut — 
Qmtiiiuous edpse 

0,ClSf3 

o.oto 

O.tH^ 

0.055 

O.0IV3 

0.083 

0.033 

Thwmtinikjus ■‘i.Iru 

I'ositive moment si mkUrpan 

0.025 

0,030 

0034J 

0,CH1 

OO 47 I 

0.062 

Q.02B 

(,'iw 2—t>tir cdRi- dlHuouHniHiUi* 

X vjB\\\ ve monHicil a 1 — 
6intinunii^ 

0 041 

0.0+S 

0.055 

0 .0t)2 

O.OCfl 

0.065 

0.011 

DisoTjiitiTiuous mfRu 

0.021 

0.024 

0 027 

0.031 

a.QS.'i 

0-012 

0.021 

Positive Jtionient ttl miihstJnn 

0.031 

0.03(^ 

O-fHl 

o.o-r? 

0,052 

0.064 

0.031 

Case 3—Tw'o dhiiMSiilinuniis 

XiTOitivc^ moment at— 
Contiouoiis 

0,(M(> 

0,0^7 

0CW4 

0.07 i 

0.07B 

OOiK) 

0010 

Disefifitinllouw udue 

0.023 

0.02& 

0,032 

0Q3ij 

1 o.oatt 

0 045 

0025 

Kwitivo Al miduptiii 

0.037 

0043 


0.054 

0.050 

0068 

0.037 

Cuwp 4—ThP.'t edRe^ tiiwfon t itiumifi 
Nejeallve monwat ut— 

Con till ucpus ikIru 

Qm^ 

oom 

0.074 

0.082 

o.mio 


om 

Hhn-oiitinuous rdio^ 

O.CKHi 

0033 

o.o:i7 

OfML 1 

0.045 

0.010 

aim 

Positive hionii'iit n1 tnidspaa 

0.044 

0.050 

O.OSii 

0M2 

O.OtiB 

0.074 

0.044 

Case 5—Four edgej< ilirtconlinumi- 
X™tive mortimt at— 
Cnotiouuus edge 

OUcOPl ln\| 0 €lih Ullge 

o.txo 

o.m 

0 043 

0.047 

0.053 

0.1]55 

0.D33 

Pmilivi^ moment at mid.'^ppm 

iirm 

0.057 

0 Otw 

0,072. 

0.080 

0.083 

0.050 


*\a] LinriMiOrt*—A Iw’O-Wfiy fdub nJuil] be wniitlLTOl 4 p tMeif-bliriR flf *trip«i in ™i*li 
dir«c:iiuci ^ follows; 

"'A mM\c atrip qnc-ludf pwiwl in width, tv rtiniolriraJ obciut pmji<> 1 cenlerliiw &nd 
exlciidinx throtiKb Un? pniiLl m the dirc*cfion m whicih momint* ure eoa^deml. 

^'A rcilumii atrip one-luilf paiM?) in cwrupdng llw i*o quurlf r-p^nel nmw out- 

aidn ihu niiddJo strip, ^ , 

^'Wliert the inlLo of ^harl to looR afiiiii is lo® tkiu 0,6, the mltJdle strip in t-he short 
dinnUoii Bbikll be cODjridervd iis litiviopE & width to thr diDfe ren^^ between the Iotir 
wild whorl vpaiit tile rentibiiltiR urwi reprosernling the two mlutoii atii^, 

"Thu uriticMl seetion* for niunieiit lattnulcittonfl mv refemd to os principal iIpwirti se<v 
Ufiiia Add ore loeutrti itw foltuwa: 

*^For neRitivu moment, alotiR Uh* t'dRi'?* of tW putitd at llie fiiees of the suppiortinR 
tjeaiii.^. 

"Fur positive moment, abuR the eetileriinwi of ihe pnnclB. 

"(6) MtHiiing mocmcnti—Tfte IwitdioR momentw for Ihe miijilie strips shaJI be eoniput^dl 

from the formula „ ^ 

M » Cw^ 

-^The average tRomentj put foot of width in the cfllurmi rtrip slmU be iwo-thiid* of 
the rufTefipondinR iiiDiTien'ts jo the middb strip. In deteimininR the epneing of the re- 
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iisforwiTif* *iit in the column Flrip, ihp moment tiiny tw ^uwunie^J I* vttn frEim, n mEL^iiDUin 
sil the of ihf middle i«lnp to a minimum at llie edge of the pduiel. 

''Ulit re thi- ncpCJili ve niouirnl on oia- t^ide of a injpport ifw tlam ISO pen'ent ^if lhal 
on tbt‘ other fiide, two-thinhi of the diffen^nee lihall be dii^tdhiih^^J in profMinirm ihv 
reUilivp slIITneii^w^ of the tihhp. 

^^(r) iSAfor—The ^lii‘aFioi; jdrcwee in the e^lnli may be eomputrfi on the ]u^iiin|itiuii 
thiit Itu? lend i# dl}^trtkiutnJ to Ihi: nipportji in arenniniit-^^ with (d)* 

Supporti**^ Wnijt- The loads on the PUppoiiing for a ^wi^wav ni^ltmjpjW 

piiiii 1 may assumed u the load within the (nbutniy aroti^ cd tlie paml botmded by 
tile liitemeeiion of 45-ctpf; linrs from thi' eoruem with the modkii line of the |uinei immllel 
to the lonjf m\c. 

"^Tfie lM4iEiliig inmueobi mny be determined approximatelv by usiujt an 4N:]uiva1enl 
uEiifurni load jt^r linfsil foot of beam fur each panel -4uppdrte<l aa fciKlowM: 


Por ifu' xhorl f^Ditn: 

a 


For 


the Eong npa.ti; 


usS £3 - nry^ 
3 2 



Reinforced Spread Footm^. column footiiiK?( are uicually Njimm in p!nn na 

flbown in Fijc- The foaUng repreHmln, na se<*n from the figun-, oaiitilevef^ projeotintt 
out from the roluinn In boUi direetiaru« and tondni upward by the Boil piv^uie. Cor- 
rpepondioK tension Btresa«f nm f>aused m both these dirw- 
tioos at ttitf bottom atirfAee'+ Such footings juie therefore 
reinforced by two tayera of aieel^ perpendicular to each 
other and pumilel to the edges, jiinee these cantilever eK 
nsente an? fret[ijeni]y Bhort in span hut rather deep, shear 
(diagpmil tenoioti} and bemd are mniiikly jti*t as eritieak as 
beinding, and di^^rve etiual atfentioci. It bait Uren found 
by if-fta thac whi-n footings Atf di>siKtied and Eonded lo fail 
in nhittiTt Hueh failiine occurs ool in shear along the plariee 
wkiieli n^prt^nl rooLinujiEiun uf the fncCTi of the eokumn 
Epurirhmg elu-ar), lail by dlngciaal (ensioti on tbe fnee^ of a 
truoiatt'ii pyramid or rone wliw^ top is the base njf ibc 

coluinn (Refr EIS'J. hor this n^uMin the eiilical seetion for 

shear need not tip. laken at the faiT of the eolumn. Tim 
ACI Code requirehwii la for kx-mhng rtKiment, Nheur, and 
kxind in fcxilingH are na fnllowa: 

'* I'iM^Bendiiag momeot 

The e^tenml oinixHMit on apy ?eetkrti shuU he iMer- 
tnined by pawing through the seciion n verlkak plane whieh 
cBtunda eoTTiplelely arrow the footiEig, and eomputing the 
moFiient of the forree aeling over the poljfe oma of the 
footing on one side nf said plane. 

*Tb) The gnyitwl bending motiient to hi> uwd in the depigo of an bobited footing 

nhnil the mornent compute^l in the imiiuier prr-Kriljed in Seetion im£a) at i^'ctions 

Iffl^tetJ Oil followji^ 

■‘I. A1 thp fare of the cnlmnn, pe<l(»tfll or wall, for foolinp (iuii|iortin(( a 
n3lumn, pediTtal or wall. 

“2. tWfwftv Iwlw^n Ifnr uudillo nnnl llu> of thp wnlK for roothiip. mult v mMonn- 
woJIb. 


[dry Plot! 


I I 




ElHVfliion 

fni. TyEoeni dnule* 
roluoin rootiTTg. 
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"3. Hnlfwu.t' brt wig'll the flU^' nf ihi' i-nl iinin or pwliwtal nlid thp iflKr of thn lart^tlio 

hiw, for fcjotinpj^ liiwJrr mirlnlliic^ hniww. 

Tlit> vridKh n^iniiirt rompirmcisi lit Any ?etllon AmW be jw thp pnlitt 

wuiiJi af thv y^p itf ibp footitipj nl tJif* upctinn. tunJir raiwid^'ralitMi. 

(n n-iiirnm^d bioliiiips thu toLaJ terudk^ rPinrorrcmt^tit at iniy m-tSun 

nhflll providL* a luumcEit of rmiAtaii^ nt i^n^mil to the moifn-tit t'onipnrcd in the 
iiiuiimT p^I»- 4 ^^plwd in Section I204ta): nmi the n'inforwrinent thuA drlcrmintd nha]i tw 
dhithhutecl unifiH-nily Aeross ihf Tiitl width of xhi* section. 

"(e) In two-way ttinforueii footinun, ihe loial loiwile reinforcrmiitit at any iwctkin 
riiall jifovido ft moment of reswtnnrp nl Itasl equal to Ho percent of the tnoment eom- 
putotl in the nu&iiTK'f prejunibcii i[i Si'etioii l2l)4(rt);t: nnd I he totnl reinfiarcemitit thuw 
determiiipd uKah be didtribiiUMi nerw the correiponding nttFi-ting twit ion in the noinner 
preiwrihed for the ^qiuirp foolhip^^ in Sk^tiun 12(^(0. and for rectftn(pilar fuotini^ in 

J^tion i304(r). ... L 11 

*^{f\ in two-way square fEKiting?, the nnidoreement extending in earh dimrtinn jfhnll 

be iliatributi'Ei miiforioly fteroft?< the full wirllh of tiie fDotitiK: 

'Ij?) In iwo-way reeLaiiipjIar fooling^, dii- n-inforeemi-nt in the long dim tinn simSI 
Ik^ distributed uniinrudv arrnwi the full width of I lie footioK. in ihc case of the itdo- 
foreviueot in the sihorl direction, tliat pmlioji determitn'd by formula (31) ehal! be 
unifortiilv liifcHributnl acJws n bmd-width {B} eenleiH with to the n-nlpritne 

nf till- i uiumii or peileetjd and having ft wwjlh equal to the length of the i>bnrl side dF the 
footiiiK- Tije reraaindiT of the ndiJotcenient nliall be* uiiiformly dlslribulcd in the OtiTer 
portiocui of ibe footkng;- 

attinfaftrmfnt in (Jf) ^ _2 ^ 

TiJtiti Ktufatrrmrtii IH nhtft dirprfinn (.S -h 1 ) 

*'l(i fcirniulti (21), .S till- mli« uf Uu- liwps "itlf to thf uliort kUIc of the faotinft. 


*MSDE—Shemr and bond 

'■(fl) The nrili™! mutioH for »Ki«ir to bf ui! 0.1 m ti iiKtu^jn* of JjaKonal rcnuioti >ihiil] 
be aMum«!d as a verlit*! pwtioh obtained by poseinK a «‘riw of verlienl pluiteo tlmiUKli 
the footliitc, tweh of whii h is porattei to a r»Fit^|wndiii« fare of the eolunii), taslestni. or 
wall atid loiatwl a dkliuire tlien-fKpm eqUJil lo the pJefilh d for fuollnp on soul, ami oim>- 
luiW the (hrplh d fur foolitip on pihw. , . .. . 

“(h) Ehi'li face of llie eritiral (te«'li<»i> a? delinepf in S*ction IMS(a) rhidl Is- (suisuwwd 
ns reeUtiiif? an estenuil shw «iiiiit to the lotul on :in area boonde.! by said faw of the 
, rilSeal MH'ti..n fur Rhi ar, two iliajt-wuil tim-s drawn ftom the rolumn or pepioatal eomi-rs 
artd makillK ffuli'K atiplrt with the principnl BSe)« <if the footing, and that tPOItPPtH nf llir 
VOrtespOtKlillK rsijje nr edflOS of the fooling intereepUsl betwis'd the (Wo diagonals. 

•’M Critical seetiuiu. for bond shall Iw assumed at the sttne planes na thuse preseniied 
for IteadiTPB moment to rtes-tion I204(i0t aiwi at oil other vertieal where rhangt-s 

of ncelion or of rt-iuforwnieiit oe<;ur. . 

"*(fi) CoinjHJiftiion far nhcar to lie u^-eiJ iv^ a iiin-fti^un- of lioiid pSudI |m- Ixovd oei tin- 
stiine swiioTt and loniJitig «# pteerrilxsl fur landing moiiu-ut in tha tTOn l2lVl(a). 

"(f) Thi‘ tobd li iisiie n inforreinent at aiu- sec tion shall provi.le a lowd reaii.tan|^ ot 
h-.wt etiual tu the bund rwpiiiitiieiit os iomi.iiit'd from tlie following |s-r,a^nlagea of tin- 
t'?£tcriiEil Mliimr ftl the gectianj 

"I. Ill orK*-w4iy rt'iiiferepd rootiEigi*ii (M^rccriit, 

"2. ]ii two-w»y rtiiifoFi'ed ffiotiiiBPfc fwreent, , ^ i 

“(f) It» ititiipultng thi‘ eictemid shitir on any ws-lion thnpugli a footing aupporttd uii 
pihsi, the. eniira. r^^octioo f»>tn any pile who.,* ein.er la loenttd (1 in. or mon- outside the 
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HCKVFORCEi) CONCRETE 


ieetlDD ftiBU b& Q^iitL^ M prcHJurine on the Lhe nwtion from uny pilt^ 

who8e confer Li located A in. or more iiiHitlc the socliao nhah ftHumed tu prodticitiK 
DO shear on the ■eetJonr For intemi^tdlato potslttoiw of the pile center^ the porlioD of \h^ 
reaction to be aiwumed nd prf^ducinft nhcnr on the section Ahall be lio^l on f ifoight* 
liiic mierpolaiion betvoen full value at 6 Iil, out^n the Hx^tioii tmd oem value at 6 in. 
ioj^dn the section. 

For allowable ffhearme stre^Acai, om Section 3t>5 and SO^. 

"(ft) For allowable bond atimcii^ see Section 305 and tiOl to 90o/^ 

fliuatntive Eiompk. A coliupii 24 in, square iukI reinforoed with 12 No. 8 hard- 
p-nde steel bars supports a total IcKiid of 400,000 lb. De&igh a aqiiarc footlii^ usjng 
2,500 ptfi concrete and Int^iinMiativp'adc otevL The ^fe soil prt^iourc ii 5,000 lb per 
sq ft. AfiEumc weight of roallnK ■ 24,000 lb. Rcquiieti bearing urea * 424,Q[|0/5,000 
■ 84.8 ft. Coe 9% X 0'3 baae with area of gS.5 oq ft. Net upa'ard pressure (weight 
of foDliiig docs not is.mb momenta nr abears^ jusl m, obvinusty, ao ttiofiamla or ahefua 
are present in a book lyiog flat on a tabEp) b 400,000/85.5 4,0fl0 tb per oq ft. 


with K - IM 


3.625^ 

Af 4.680 X 9J5 X —— X 12 ^ 3,420,000 mAh 


, j 3 , 420.000 , 

- \ ai X .2 X 



Tliif depth wiuirecl for «liHir will ptuhabiy be Kriatler; thwefore Msume if 
width of ibe eritieftl acotion forahmr ia (ace Fig. St) 


18 Iq, ITifl 


24 -h 2 X IS a UO b. 

SO + SI.25 , 

--=-X 2.12fi X 4.080 


TJ.OOO lb 


(f 


71,000 _ 

00 X 7S X 0,9 


17.5 in. 


i « 75 |Mt; a&sume/ ■ 0.9. 



















FOOTlNtiS 


7 -i 7 ;j 


Tlif nTIS tn. b Adw|iute. AllorinK 4 in. for rowr plim il» diniMiin 

to ct-JitiT liptwpno Uip riiiil Iriittom l*ypni of iiii, thr lolal liPtj(ht of tbr fnutjiij; 
in. noli il^ wi^iithl a 23^0ri0 Ih^ plow froUKh to the iu*iiKH?d Vjilqt. 

Frolii AC I €odw Secthm l2XH{v) tbp dtflign inutaent ui tnktjn ofl 0-85 X 3^4£0.000 - 


2,!»0.00a iiL-lb, 
For barnl 




2.»m,ooo 


■ «q iD- 


20,000 X 0.9 X IR 
n 0.S5 X 9.25 X 3.025 X 4,m - S34,000 Ih 


The nllownbl^ honH Bitem ii 200 pw. Thc^m, 

. 4i,s i„. 

am X o-tt X IS 

r#e in No. 71»« rath way; ^ «2 *q in.: - 44.0 in. To troRiifcr Ihc rtW from 

the hftM> of the Hjlutiwi, dowel* are required- From -ACl Code Swtioo I20fl (not m. 
rlud<>J here) it i* found tJwt one No, S dowel in riK|uitvd for eaeh roluinn har. Do«|;;l'* 
miwl «tend 3 3 into the column and I’4 into the foolioi! to tatiefy ihe Code. The 
hewrinK *tr(« at the ba«e of the column I* JOD.rW), 34 X2A-f^ pd. k* than the 
allowable of 0.375 X 2,500 - SOS pw- In sonw rasca it mil be found nfcena^ to in- 
Mwtee the rros* aertion of the haw of the eolamn hy providinit a pe^IwUi Tl^ mil 
rasure a more favorahk tmiwfet of *tfw ""J allow for ptaem* of dowel*- C&ee Fig. S2.) 



Fio, 


Comhined Pooling#. Fiieuw f» «lww* a winhiticd footing of irajiMnidal diapc enfrj^ 
ins two column load*. The fiwting an^n may he rerlangular if dwinsl. In any ovn«t» 
it« rentixnd mnet eoinekle with the resultani of the two eolunrn k»di<. The longitudinal 
reinfonwmeut b computed a* for a welangutar Iwam. The tram.v..r*r ivinfort^nt 
miiat be nUHcient to rwi*! tervtling of all llmt portion of the fotdtng extending latemlly 
Iwyoiid the rolumn*. -Shear b computed a* wdated footing*. Frdeelnb may tar 
reciuinxi a* noted nbove. Thi* type of footing b often ndvantapwvl* at prope j oen. 
wliere tbene b no mom for ieolalcd fooiingi under wall column*. 

































l-Ufi 


KErNFOMOED CONCHEl^E 


ffir n vwieiy rommoii granulnr nmu-rbiiif. Li^l 8d be uny utiII pfpiliwt whli^h n 
fill ql enii-h hm hes^n plact^f up t« ihe #k»pr* AH. Tbr Ui«c||^ of materbil 4^^' 

^'^ 1 : 1 ! be luasuuh.^ 141 Art \tt Uninon taiUi the nrp-lB in iMjp^ 
pDrtjtiK the lulemt of eanh ti> (Jip ripht of the 

vortinil secUop AC, Tlw rcnillant pnwure on AC w 
witiimi to ticl At point D ithitrh it un^lhlrJ the diit- 
tiinrt! from C 4, The rtfottnnt preMiin? P id aim 
AKHomfKl to net imrallel to tha aiuface . Ijtal CE be 
the plane of rupture. I'he folloifiaR fortaiila, known 
an fiankifie'p foriiiuk„ gave* ibt' vnltie of the force P_ 



e 

' 2 


m 


in w’hieh P b tlie tolftl ficlivf ihtual of earlh ngaiiu^t 
the vertiral plane a# lit^ribL'tl HijovOd tc in the liteight 
pereubie foot of reinitieil tnateriBh nnd h i# the height of verdertl f^ertion miinfden?d, ui 
AC. 

rnafl — po«' 4 frOfl* 

Ct “ rw 0 * - 

eoa S + V COB* & — ctii^ 0 

where 0 ii the Migh* of jAirehnrise, unii ^ ifl the angle of internal Iiictioni 
When ff * then 

P - KuA* - i30P^ (5t) 

Wh^ji # - % 

CM) 

in vrhieh 

C/ - tiui^ iAr - 

E4)u 1 valent Fluid Preswe. It will bo anted that in Ek|H. [SO} to (52) the bteml prr?- 
aon? ifl equal tn the lateral pr^ufe of Uuid having tin? laime weight per cubie foot, Vp 
ail ihiit of llie supported mnterieilp the whole luoount thi-n being mullir^k-ti bv a eunatout 
C\ or C/. If now ipCV or irC%' he repliin^d hy this btter e:Tpre«iHOii heconira the 

weigiit of nn eiiui valent fliiki whieh wull pmdtiee the jsnjiie latJTnl pmai^urt' P as thal 
fhown by Eqa. (50) to (52). Tbia device ia gtiUernHy lernuai *Hheef|iu valent lluid prw- 
fure." It will be [loted tAm that the distribution nJ preodurv k triangular, the rantmid 
of aueh pre-wure being at one-thinj the height of the supporting tujiterinl. 

Equivalent Surcharge, la the event of live load being pkecd upon ttie top of o fill, 
ihu! live looil inay >ie repla«d by au equivuli nt tt eipdtt of earth; thus in Fig. S6 I he 
orijdiuj Mirface of enrlh PF hfls Uv-n iucreflswJ by nn nMiumed 

depth to tt new hypothetleal siurfaiv 4G- Tfie pn^uro ^^fTHimfrUIFFlF*'^ 

agnlnpl the wall now Iwt-oniefl thi- tiortion HFCH of the eoiu* ^jlviillllllflll ^ 

plete iMiuivalent Hukl pretewin^ trinngic ACD. Tlie nvuUnnl / ' 
pit^re p aeti at n distonee above the liaia* equul to 


S' - o 


ft +3A" 
A -h2ft' 


m} 



Tbb device of etjuivnlenl aureharge ia of ime in the design of f oa 

aVniLmenMi oa nhawn in Fig. 87 h ^ 

m ahowii a frequonL coudlUon in milrood conatniclion. Tlie prvwirF iriatigle 
is flue In the earth prewire wtlLout the live l<wd. The pre^sufr. ewrted by the irark 
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liMil nn Uw portion of the suffji™, A fl, may he fonwdeted la art on a fwutntiUy afircad- 
inR widlh n* tb? tinpth incrpawe, thu uiiRie of Hieh apraaid hrian oA^nieil ot 30*, f ia 
foil lid by projiM^titiic tba lloe of apread of A dcm'ii lo the faee of ihe wnll. At the depth 



FQ the oriptml pn?aaiiH* on A fJ is omFormly distrilujtwL Tlic liileruiily of ilie jirwaure 
Ihua nelwiR on liie pfniw FG ia then i-onvcrtiHl into Intenil lluiil prwnjpe by 

luulli plying the value by C,'. The fwidt U then livid ulT ne d# and ff, ll» pjnwfsiire triangle 
bring ibua enlarged by tbi* additiorval amount of pteHciurei 



Subility of a Attaining Wall. A retaining wall muat rmirt sliding, and it mtint reriid 
(King tipped forvjiflJ. RwialiUMe lo aliillng ituiy Iw Oi-veloped by d) the Irielion on 
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ttKlKFORCiEb cmNCRrrE 


Ijtfiaif' ptajii% (2} ibrc iir«pth of thi* buw* pl 4 TH< b^lrmr the KTOund HirfHet in from -of the 
¥ral]^ atkd (3) R ki-y cir mnijiiunii^ protruding bflow thv bflje Tiibli> ]2 «i1iijwp 

ihe riMrffidrtilj# of frirUoa mftAQnry and v'juioup lieutt mEteriRla. 

Taplk 12, Ccic/riai:,\Tas \n(i A\uWf or Fsucnos h^twkln Eaktii am* l>T]f£ii 

MAtXRlAl^ 


NtntoriaU 

/ =- tnn ^ 


ufKUk mtiwinr^'___ 

0.b5 

33^ 

iijKUi wikmJi wiih gmin. r, s. 

o.m 

31^ 

Marijrir>' u;kiii Wfigd, uenKw grain. 

0..'30 

2tiW 

MuA4]rLr^' fill iir>" clay -,. . :«□ ^ + 



MBtwmrt' tin wpi clav, . 

o,:i3 

IS "20' 

Mriwinr)' nn wind.- i ... 

D.40 

2] W 

Mhwinry on gnrvid,,.. . -..... 

O.tiQ 



to ovriiumjiig inuat be dovdojHrd by a. prosier pkdng of rI 3 the downward 
]4jaidi* occurring on the bisc fJutip, ii-iih to the ri-ntrr of tbe base plone. Figure 

S51 showp the flownu jtni weighlH of n lypical wall combined into a fudullant dowuwanJ 



fofrt- n. Thi- pnwun' /■ w ltttni*ht fomani u»iil il ih,' lintr 

inT ai'liim «r II, Tlim* iwo Inrew now- pfijdin^ thn n^tHiiltiinl rjwM* H, wliirh Htrikw iJh* 
h»«* m wmo t fmm iho wnur dI the hiim-. ] f e wjimlji mro, i.e., if the mmltAnt 

Atiikm the t)M‘ ut its M-nter, ilwrr is nu tencirrkcy ta lip tile wsll over; tho^Efore. tlaw 
wuuhi Im> s uinforiu Tm>«|iijrr ilistrihiilini] uver tJir ffiunilnlien. (f tlir distsiire < » itv- 
rresjled, then liie uveriuriiini; tiiami'lll U likeww- u prsNuurp llisiriliutiail 

Mliit rau^^j show,I in Fi((, TO. The iiniililiK value of !■ is fc/0 ill wWrh Wi- the piw- 
sure intt'TiMly Rfi (Fi)t. TO) IWHtrtiin. arro, L^ii><iuftl dirtrt|j«tioii uf pm«.un- on tin- 
Imse IS not ohjcrtKiimbh' if the Wsll stsnils Oil wk Ut ntJier Utiyieldin« foumlstion 
■luitynul, the wnl| m emwtructCTl on dwil, wltll Rwftl is ill S j«eiiehJ wnV pro- 

ISM-tlolisI to ti»' pressure inU-lisity, [f tile mKinn of tlie Hnll is subject to Kroiuia’vihni- 
tmiis. this settleiiieiit U jtreatly bie^wiMl. The moiH i,. thenW, s teudeJ.cv «f Ihn 
wiJl HI tip more sml niotr Fom-urJ wheji the pressure (iistrihmioti L> not unifomi. Weills 
subjected to Vibmtinii nmJ restiiiK m soils hIukjIiI be deidpird with the resulunl tt 
pnsMiiR tlimuRh ar near to the eenter of lhi< Uutr. 
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T1nc^ follawlnpg formuleLS are iL^rul in d^t^nnininic preidure dtfflributioni along ihe 

iAlMil 

E y 

f ~ 


whence 


- -4-« 


F(/ b 

W 2 

(S4) 

U' 6HV 


(5^3 

W bTFe 

b 

(SO) 


DAfligp of H Oultilever Will. The 4 .iAntLlevcr wall eo[Lfii^t« of u boee ilab froni which a 
vertioBJ wtdt OT wlem o’tttftmb upwtmL R^infortomonl in provided in both HK-mbers to 
Hii|)ply reflimtanee in Isendithg and «heAr+ 

Drwi^n iff Jiieffi. Tlio tendency' of the ciirtli piw^urv acting ttgnirwt the i<tem h to 
btva.k it ofT at its juricliotj witli the Tlie e^lciii mw^t uleo be thick enough ut the 

bottom to pjT'Vrot v%r 4 ’^VL‘ shearing (dLugoiia] tenidon) and bending eitrc®*, I hick- 

of the wall at llw iqj arbitrao i often bt^n^ governed by the cdnditjonn of plaeiog 
the eoticTT«te in the furni. Oj» railway and highway w^ork, minimtim top ihieknej^ i* 
coiotnonly 12 In, The wall niunt be thirk enougli at tlje baw’ to nwiat the tendency to 
nff. To prevent ihim the thk-kncew required would iie, from (3L) (»i‘e Fig. Ul), 


Or if D M 0, 


d - O W5 -IS1I5 9 
r 


d 



mi 


If ih- moment roqturrnient govuTOii^ iheii, ehoo^ing A fromTabte B, we have 


d 




im 


m 


if 
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REINKORL'ED CONCltETE 


BiUf Ttiip pcQnotniml portion of the sfem ou the hajse plab ie at the lorwitni 

tliinl pdim. It ia npt pdwayp poedble to pkee the hicm at ihip pciint beenuiM^ of pmpGiiy 
Huca ar other inllitpncefl. The portiou of the Liiae ilah forwanj of like ptem is enDpcJ the 
toe, and that back of the atem the heel. The toe u heiiiK bent and ahwtted aiawanJ 
llie prcfiaptic of thp base rofictiDn under the toe, upuitlly gevprni . Tb^ heel ie 



Wh|* brtit and abenred doif^riMoid by thf Ineliced «irtb prctnitiTij if tb««! i* n sutrluuKP, 
loK^thi r with iho ex«w wi ij{lii uf ejutb aLoYc the bEcI olab over the ufm anl feaelion 
U‘ktw the heci alnb- The rortt* jictiiij; are rtiown in Fig. 91 . The fun* /" J* dietributed 
over the top of llin heel *lab, [ta vertiul component u added (o the preHHure! of tlie 
weight of earth directly above the jctah. 

If there w up purrhiittfe (i - 0), the force i» lem. 

Arrangnnnxi of BtittfitrcrUi^t. Fijifurr n allow# typaeal nmuigemeii U of leiaforr'i^ 
coefit for uraiililever walls. 



Fia. 93 
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Count^ort Wills. WiJli llip nmLik'V-LT fotm ui cjf 20 ft In iM^lgh l irv nmrv 
mmomiriJly caminirlcd wbfTi proviiifcl with bnickpt* tit istslvi in ^irt-njtlhtiniD^ thp 
juDctioEi of il«ii jukI AlHib. Whi^ii thwp brmrkpls ore hfirk iif iL*' ibey act 

m li^Eu^ion and are oalted ’"counlerfoiter"' Wbnev the hmtik-pti! are in fmot of ibf^ 
they ael in cmiupFme^Dii mhd niY nlUvl 
"iRittmm." ebawii a rertian 

of a corLintPrfcKrt yatW. 

The EcdUdEuical spacitii; I for coiioter- 
foria to temu of th^ liei||bt of Lite walk 
both in fppt, h 

« 1A5 + 0 . 21(14 m) 

The thicknw of the coimiprfDrt atioulJ 
iM]t N Irsi ihftn 12 in. The absolute 
luiiumuin Uiieknm la iDovpria'd by Lbr 
width required ti> iHit in necussart' stwl 
and (o rwwt ihear, iw will be noU*d later. 

lit Fig. 03, the face wall niay be con- 
i«jden-d asi a continuoup Rlah hmded hori- 
liontnHy. [f I he flla b be divkhd into Ufl 
sLri|M, ikJL'b OA ABCDy llio Iwiditig on (bi> 

Rlrip will vary In acoordEinee witli tln^ Fco. 

prtwurr diuitraui^ as Ln Fig. 8ft or fH- 

Thc greatcsl prt^iirr wilt be at tta* strip at the btiae of the wall where, the retraining 
effect of the iMute being Di'glectiwl. ihc effrelive depth d of (he slab may be determined by 

d - 0 ,^<* 

.4.t leaift 2 Lq. of covering of concrete rnujt be provid^l lu addition to pfifcctive dep(h, 
to make up the lota! thicIcEiEss of the fnw «!Hb. 

The desigji of the heel nlBib ia likewise nia<ie on tlai biu«s of a contbiuoitply supportf^ 
pUb attached at the bottoms of the counlerforta- The loading forn'w art? thi* same eia 
tlioH? for the bccl slab of the i^aiitilever wall. It is es^ntial tlmt the bock Jtlab i>e in* 
v^tigal 4 ?d for sbeiu aiijarent to (he counleTforl- II will usually be founti that+ unlesw 
Ntimipa or other shear reinJort:‘i?nicnls are used in I he bit«? slatp, shear will govern Lbi:- 
rlrtermiiialiou of it* Ihieknewi. 

Tfie ik-^gn of itie toe fllab is the same that for the nmlilever walk It is ver>‘ im- 
p^irtnnt that the toe flab be inviaftigaled for slu-wr at tin- sertEsn taki n at the fronl face 
of the vertical alalh 

+ rroirfil^aieol <?/ fks /ipfi n/orc^rmpimf/or q Cminlrf/arl flTlf/. The foregcing ili*rii»ion 
has involved only the cdiical scctiani of the bare nr vertical elnh*. Tlie complete ur- 
ratigiiini^nt of the reinfoirejueiit miijit be cnTried out with due cnn-i'idettilioii (o shear and 
moment atreijees, and especiaily to bond and anchnriige. 

The verlieal wall is remfoored horirontolly either by two ret* of bar? placed one oenr 
each fftie or bv" ofie set of bent bars which ate at She back of (he wall at the counlerforts 
and at the ftoiit of the wail miJ way tteiwem couEitcrforU, Vertirfll ban? should be pro¬ 
vided Mar the back face, extending otit of the and up into fJie i^rtical slab a dipt- 
lance H*, to take care of the restraining effect of the btN* on the vertiral siab. buliideDt 
vertical (iMirs are atwi requireif to rervr ns sopijorts to the horizontal stct4 In the bEtre 
sUlv 

I'ln- tne le reinforced at riglit aTighi^ to the EtinM:tion of the wall, to take mo? of tfw^ 
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KElNKiJRCKIi tTDNTBirrE 


ranliii'Vrr hH^ikdiiijc lu-liriii. Thi'- ln*td i* rptnforwl jlh n roiithhyuii>< wlab^ 
iftitb t*a pkni^ of one fHfltr bntlflm nfltl lh<! lirair tliiS tqp, 

^iikce ih^ eounl^rfort (i«e ¥\^. tM) \s tK^rviii^ eui a t(?y>^jqii licittiie vi^rtiiMii 

itncl th<^ he<4 nUib^ it nJoniF i» rMpcirijqlde for the pre* 
vefiliflii ul tsvertwmitij? of th^ “^rtic^nJ p|ab. The overturn- 
\n^ of llie vertii-Al n\nh Hhout B in i^mputeiJ 

Afl for A efiiiliSever •AmW. TIih^ iraoirtiyjf moiaeat providi.’dl 
bv the Mti-\ phienl hIdor the bn.T: AV of tbc nnuisierfort, 
aiieI iheridtJtT' ItAting the momfnl airm ijf the 
dieuliirflbtaoee fnaiy the center ^ iJn- vi-HieAl nlsh mi B Bi 
tllti lilire at the steel aIiieiie^ Af\ The #teel in the roumerfurt 
mtwT In: eArritxl into iH>tli T-he vertieal stjib And thi‘ havl fdiib 
dJF fAt EiA ARrJ hooked. instill Ihi^ slobs ATI* 

Aftirn^ mssuy froni tlie oounlerfiirlH it Im niA?eAmr>' tliHt ImjiIi 
verlieAl AUil hunjHiEitAl sUtl be provided 111 the eounterforl 
to Tii^ thi'Af shihti to it. The luiniiiiit i]f required for 
ihiz* piir|jOfM' in obtained direi-lly from the Amount of re«e- 
tinii ef llbeM' alAlivi judiuR; yiiJor the usu-th pre«i«iiire ss eon- 
tinuuusly stjp|;Hirti,4l stubs. 



CONCRETE ARCHES 

Conrn^te hnf U*en extensively use^l for the Exinmnielioii of Hreh bridire beentLie of 
ibi ikdjipbihiUty to e^impreft^ive hjudM. Jte?4Nirrfn^ hEtve iudieiitnl tlmL the e|ujitir-fl.n*h 
theor>' Applies with ntTumey in deti^miiiilnj; Live-load i?Lrf«s distribution iindp when 
Exiuph^l wiih iNinddenitinn^f uf Hhriiiknge nod pknilc How , furuishi^ m hui^ij* for e?itinuilin^ 
dt nddoud an we!). Tlie melltodA of flrrh Anuly^if urr lo lie found in HtAlkifimi 

workw on .«Er4L'turjd i'njdiH^eriiiK And w ill \k Kiveii here only io stUnhuu^- form. 

Forms of Arch, There an^ ihret' jsi'iirml formii of enncn>U^ areh ts^riiEinmly in iim?. 
fU ojAMi AjKtndn^h (2) earth filLp and bow-strinpit. The u|H'n-ipandre] iifch ixm-datK 
uf one nr more rilje on whirb rest a «»nw ctf enw wuHp or rxilumm', whif^h in turn Aiap- 
|iort tin- ifri k. I Jirth-fill nrehiHM i cind^it ni i^arit^lst v,^th nde wnlb lietwuen w iiieli 

is plAissJ a euni|Hicitefii eArth fill. The rondway is a laiveuunl laid directly on thiaearih 
hlL rill-’ bow'PtrinK ATch rcinnqjuj^ tif iwo or mon- riliH pluisxJ partly or entirely above 
the roadway, IIh? roadway i™4.^tnirtion iKijiiE rNJtsJ from thi we rilie by Vettiral 
han^jr!!. (>f the three forniN, the firft two ate by far the most rtnnman. i'^rth-hlled 
ftrehcfl are (^enemlly uksJ for j^yiane of IIX> ft. rir and oiH-n^pandrel itrelif^ are uaccI 
for e^jMwu* rtlmin- tlijji leikptlK f>iip of tla^ reiaforci^J 4’uni:n!^So nrrhes to date \a 

1he jiemilo Bridpte oreh over the Antp-rmart liivor in SwiHlen,^ ojiervfsl to tnilfic in July, 
ISMS Isfjitin KtUV ft, rise ]'!0 ft, tfiirkat the erowu 8.75 ft (I ptmvd of the niiaiii)l. 
It ii* rtf triple ha% seelion, H.7o fi think at the Kprinfpn;yt line. Another notnye imdi 
(oiire tlio world't^ Eanip^t) m the Fnw.^^riEu t iriple-^pnn nreh (bl2 fl wnler to writer, 
VJO ft clear each wpan, rise ) 10 ft) openwl to inifTir at Hreet, ErAnw, in I02W 
(Hef. 171 * 

Loading;. In any of tlin fore^ing former tlie euniHl inemhf-r, whp^thef it « a rib or a 
barrel, the uHitmUe carry iiijs memla r. All di^d hi^l of the alrueiurtp an well ae aII 
live load eominss upcm Um strudure, muit be carriwl li.v iL fiadnHni whtxil ItmdiEiiip* 
will he found on p. 5-jH mid hi|diway IrrAdiiifti^ on p. ^17. biih^ Ihe ^arth-llll arch is 
of unumiftlly ht^i thv, only the vertical aeUng wei^iit of earth Eil in conddtied in 
ihi.' analyaeM. 


■ fffii. J*ii. IT, iv+rt. p, i 

i''-''* *1 » in h ,t«n DV.* the Pklmnt lliv«f HmuT md 

f tuSf 'i’amlrT r Ai.t 1 , lt»W, ih Si), Abw 

11 AjSh mi IVHV-ri *|IAI1 Ijifrr Mmt nTK40> Portu llitrr in PrtrtiL*m 





r^ixcRfcrrE arched 
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CuTVilurc of Arcb Ajii$- Fnr tmkJL^tnlu llw. U-*! rmiltj arr obtainMl by Hhapirtg 

tilt* puryatutT* of titr arpb asi* ^o Milli tlie ili*^kii'loci<l prtwun* liii^f Ihuri^ uikJi^t 

tkflil lottii, hfiiiliiiK nioiiienli; ahug llu" urtih aiii* are wbere equal Id a^ro. For 

longer f^pan^, if ..a portion or all of (he tli^trihiiHfl tivr \mt\ may atiilitl \n 

fietprminiiiic ihr tVcin'tical eurvnuirr. 

[f an ftrrlicti niembi-r werr- rurn’iTig a dt'arS Imyl onifonuly dij'^rilmti'd over th^ hnit- 
ucHbtal projectimi \h^ ajiao, thr tln^oref icnl rumitgn? w/mkl In#* a pomb- 

ula. In praftice the loetti ioi'mjiaen wMnepfhfli from ibc eftiwn to the Hpringiog for 
ripert-i^indtrl nrebra amt rofi?<hli:‘ircil>ly Tor earlh^fill arcl'ww, A inimtHila of 

liightT onirr timti tlir iMx'oinJ iJrpjn'p mti Lrt? foucitJ quili* rloA'ly lo BHlirfy iJw- dead-lfwitJ 
riirvanin* Uw opemH^pnotlft*! airhi^ Tbr thron*liedl eur^amm for tlrdni \mi\ of earth- 
lill itrrbei- vnripti fmtn a rlrtulnr are iownnl un etliptieAl fonin 

Op«fl-spandrel Arches, lift Fig, ^5q ri*pri'i^‘Ot a serip? of panebpmEit for 

^hieli an'li rurvatnn* u Let ihu oriipii of r«jrdiiuiloH la* at the rrowii, 





Fio^ua 


ixjint B. The naiiiber of Itiadr lo Ft may b' imxlified to i^uil any othnr arrmipif ment 
of bank The cfftiiiiaUs ift (Hg. i^5h) toffplhi'r will] iminN A ami H will be tmed to drfine 
Uie anrh eurvature^ |#i briniE 0.6 of the horizontal di*tanii; from the rrowti to the i^prioE- 
ing line, tf //■ vs the bniizonliL] thniFt at theemwnt then 


+ 2 Ps+/',> 

ft* 


(03) 


If then* k no hpoding tnomeiit along the axis of the areh, th<*n thi? tlLnli^l is 


//^ - + HP* + aft + 2i\ + ft) 

h 


(04) 


front which iA derived 

(3f'i + 2Pt + ft)* 


m 


^ “ (5P, + 4ft + 3ft + 2ft + /*!) 
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RElSjfQRt'ED CONCIIETE 


A pUBlnlic DXiB potorin); tfarmt|{h A iijhI B juid Kiivui|; th* qrdinntc pj aI tJuf* jUjitfifm 
0^ take# line fonn 


Ift - A(0.8)', w {O.ftJ* - ^ 


m) 


All Icrme in ihu fqiuitioji ercf pt the rjFpoiitnt n are kuduti. StibHtilijtiPi^ oito 

Kq, {fl6), hav^ 


From. i\m iht ^.^xpuntnt n k 


(5Pi + + 3P| + 2Ft ^ Pi) 

lotfXp 

” “ lojt (0.63 


m 


where L k the rigbl-htinil member of Eq. (07). 

Ap an example^ let ub fnippoipe P| — (J.6, Pj * 1.2^ P| ■» L4, Pi 

, (1.8 + 2.4 4^1.4) (5J) 


L 7 , Pt - 2 . 2 , 


(3.0 + 4.S + 4.2 + 3.4 + 2.2) (17.6) 


-0.318 


lofi (0.318) 9.502 - 10 0.49i 

“ ” lug (o.n) " ft.m - 10 “ 0.222 ’ 

Thua^ for thifl Jnadine tht uqiuiUOn o( tire curve bceoracd 


2.24 


-‘(t) 


II it u) pAflumnl tivt tJie munnent uf iiivdiH of ihe rib vnries Irticq ihe tinmm to the 
eprioginj; Hni! us ihc wctuit of thu elqpo of the hxtfii the- eqiuilioii» for ihfU'l, mcnnent, 
aikI ihoiir Al tlir crown uuiy be written in lemie uf h, u fallows, for a single ccpceiitmtitl 
load fFig. t)5d>: 

AK - HD 

m 


//. - 

■If. - ^ 


in which 


- At' 

(//.« -1- JD) 
A 


(70) 




B m 


id 


C - 


Un + I) 
A>J 


Uin + 1) 


E 






M 


+{n+2J n»t> + 3rt+2) 3(n + 

where /■ ia the meriH'nl of iiiifftlu ai the ituwh. Ako (Esee Kel, 18} 


1^] 


‘■••-U'-T-fi)’] 


(71) 















COXCHETTE ARCHED 


7-1S5 


Tbci*P hnv^ for repnwentjtivp valuw of n nnd plotted m Fiif* 

ad. To uw, ci[ii‘ finri dt^ttnuliii-^ n tw Jilxive^ ihm, ttiki[k|^ ^ch loatiiiijc on tlie jutIi ami 
multiph inft it bv llio oniuuile on tlio inRyonte line and totjilinK these products for all 



OTH? (Inda respe^ Uvely tbe llintBl, moment, and sheetr &l ibe CTOwiir Thew quaoti* 
lino having been found, amiLir values may tw minputtd by jilaticn for any otlinr pdnt 
in the andii by the equatioiii! 

Af - Af' + ± r** + Af* (72) 

F - n + S/' (73) 

vthatt* M' hs lha statical moment of londa fSP) between crown and pant in question 
Mhd X: and am coordmateH (nee Ut’vf}. 

If the moment of inert in of ih** rib doc# not vwry as alove astOLmedp the method may 
suffice for moderfite spans; and for loiiRer ppaiiH H will jpve the iriAK-pressure polygon 
(eoiutiueted us for Figs. nod tlSc) whieh may than be tesled against the form of 
iixijt of dit* amln 8inee no ebangn of alo^ of tJfce tanj^uot al tdlher end of the nreh wiU 
oi'!ciur|, from the principle of an^ taomenta we know that the algebraic sum of the afea# 
of the Af/f diagram for tho span will equal jwra. Kinoe the moment at any point oo 
Ihe axis is equal to f/^ timni the verhcal distance to the pnissuji' line, the area tsHwren 
axis and preiwn^ line may be taken as the moment diagnsiu by^ mcasurinp all ofdmittes 
tfffiiraitu from axis to pmwuri> line. By dividing eiuceesaive ordinate#, uniformly spaced p 
by com?spcnding value# of i for iAk! pointSp luad liibulating, a final check may be mado 
on the prewjre line {Reh 18). 

Earth-filled Arche*. Coehrane * has itiven a simple method for iirrivinE at the curva- 
lure of earlh-lill nrclicft. In Fig. il7, x ^ cf; r ■■ A/f; then, 

4tI 

p (74> 

1 Hr ^ 

whieh is the equntiorj of the arch ari* for the loads considered. Influence Unes nre also 

I /{mr. ffHi. Sv. Wtaitm. IVnnj^HUM, tqI. 33;, p. *4?- NaVEinbfl-. H4 illO IICOL Uid JoKHKiH^ 

^'CbibCTTita- EnKimBiTt*' Jiandb^poSc.'* 101^ n. 
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BOX CUiVlBTS and BICTANGULAR FRAMES 
Improvrm^itA ift di^Ku »i>c| of (lonHljiuiriiaTi umy bf? nm^ in Imth cnlveftM 

niiil othfir riivwil fT?<:Uin|njli,r rriLirunfi b\- TriEirfiiriiiR E:ornc^ra to lakn npRiilivi; ingiiiPiiL 
Prsnuw of Uw chAnwti'r may bi* rpsiitl.v by tho melbod af idopc dcflwtipfih 

<lnlv tho rpmilttf of suob JwwIvRf! will bo givon bor^. 

Moment! at Cnrners of Bos: CuiTms, Singir HarnL Figure 10(J it^huwif tho rrtwt 
section of Jill oppn-l:»oitom eulvort, the *k\v wjilld of whieh am ooiwidored bifod Jit the 



bnj*o. Sui'h coutlruotion tan iio realised only in thr ovont of rock foUJinJiitiqi]. Tlko 
Hirrmenta nl the tipper comer and at the baae of the mde on? 


„ 2K^{Cab — CAci ^ 

-2A-,+^l*',- 


(T5) 


-Wcii 


2K^Cab - 

2Ki + 4Kj 


- CcA 


m 


In whieh A'l = f/J for ihe top member and Kt » //ft for either side member. 

The Kign of ihc load terroB (the C temui} In on the tmw that the Inode an* acline in^ 
want If any of ibe loflda #bould be aotlnif outwurti, tlie eigne for eucib bad terme should 
Ih' revmcd. 

The fo1 baling formuliie give the momenta at tbf top and bottom ixn™rp of the closed 
hBirel («e Fig. lUl): 




2Kt\2K^CcA - Ccd) - {4K^ + 2hM\^M - Cac}] 
4AV - (SAI + + 2Aj) 


CH) 


May 


2K,\2Kj{Cab " Cac) - (2A-| + ^mC^A - Vcjy}] 

4K/ ^ (2A| + ^ 


(78) 


in which A'l * //f for the bolttiiu meinla*r naeJ tiw.' other tonne Jtre m given above. 
Hen.* again the Higti of tbe luiuJ tenna gi%‘en iti KrtF- (77) iwnt (78) is un the haid# that the 
luudn act iiiwjini. 

Observe that for liolh type* of Irame the loading and the dlmenBicuis of the frame an? 
ahHunwHi In lie itymiiielricaL about the vertical center tine nf the frame. 

UulU^e Birrol Proin^. The top and hoi tom siiib« of opmiiiigs tithtir tliaii I hr tmi 
oulaide opening! may be demgned an tlmugh fixed at Im-th ends. The two omaide 
opening! («* Fig. 102) may be de«ignrrJ for the folJowiug conter momoELla: 




4Ki[2Kt(CcA - Vcd) - (4A3 + - Qd] 

4AV - (4Ai + AKm^t + 4A^ 


— ^A3 


(70) 




tA-j[2Ai(tr^j - Cac) - (4Ai 4- iK^jCcA - Cco}] 

tAV » (4At + 4A,)(4Aa ^ 4K^ ^ 


(SO) 
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HElNFimrEll fUKCtLE'rE 


of tMrp^titivi'-iiionkL-nl pUi-I tniwt U- ramixJ nmuml I hr (wimt 

la A pciint bcyohd thu |K»itLl of iiidiTctbn Lti ihi" ad|ainki|^ ziiL^fubrr. Tti^' iruiide of thr 
rqm^r should proviiled witJi & bmrktt^ Mihcr tr|E ikf wbii-li ^hmiliJ tx^ CH|llil1 l€ Ihp 
IhicLiu^ of Iht' adjarpikt mfmlit'r, OtHs-foorili of tin* sii*el ut ihi* ci^otrr iif the 

^|3an of any mvenbrr should t'Oiiliiiui' uito tlu" rurtutj- and nhotjld hfMknl at thr eiul. 
In addition, o siliiiiiiJ' miluUbt of sliOldd be pinri.'d diafcornilly in tha roniPr twa.t tllr 
farp of thr bmckot iind ii^iuuld bv o?ctendrd pllhor wuy tn ond nmT thp outaiiip Tju^ of 
till- iidjaeL-ul moinb^m 

Slimf iiPikT ihi- eonw-rp iiuiy \w taki-u to lx* Ihn santE' us for fiani fxnnui. 

PRESTRESSED CONCRETE 

With the development oJ hi^h-Hitn-nKlIi sti-id and conerete hai^ eome a dewre to uw 
iht* Iwo ntaleritils in rnmhiEuitiou lo ihi- t»rsl advantage, f^fThaTid it ieeim obvious thnl 
the hiph allciftahle ftreftsi^ juatlfuibk- for pyjch miilerinls ehiiuld pennil the eonslruelion 
nf lighter and lr?s! bulky shoit'SpJin stmrtun-s as well as loiiK-span ccmriete struetures 
whieh hilh^no havp htv-n impo^kible fiet-aui^- of eaiT^iii'e dead weight. Howevptg ec-rlairii 
I'hararlrrislirA nf ennvrnlioTml TeillfonrHl eonm-tif ^pea^lH IlO^vetll the attajiunc-nl ^ 
thi'se nbjis^lives^ (1) ull eociPTete tjelow the UeiUml axis, whik- orrt-Srian^ fnr cnelcieun- 
«f I he mnriim-nieiit, M bieffiM-tive iiL re«!i$liiti; iM iwIing: (2) dingorad-teii-fiou Klresare 
are often filftli nnd gu\y-tti the deidgn; t3) the Use of high wvirkilig stnriWCfl ill cronven Ijunat 
i^islrurtimit and hi:fiev Iati 5 i' si rains in the fifinfcnri'nieiil. waiild tejfull In unaifihlJy 
rnu-king of tlie eonorele nhti lianu-erou? espOPUiv of the all'ol. LVetrntnpnwing of the 
efjiKieete by prt^lerLwoning ijf the Tf'inrori*enk-iit Wore wrvii’e IemiiIr are appiieiJ is a 
melhod for nverooming ihiv^ disadvantage#, Tlit- fnllr^wing brief diaeii^u. whieh w 
arlnpted fmm Ifef, y, Illiwlmnn* iIh- priniiiple# <if pn^trt^^l eonstnirtion. 

Suppnx^ tin. beam ftimvm in Fig. 103 i* fnbrii'aEed a* follows. Hlffotr' ihe conrrnti- w 
poumlp higb-stn oKih wiiw with nn ultimate ela-nglli of about 200,000 [ho are slmng 




WUiUUitUUUiUilli 

-- Is.. 

---—---- 



Sfmm 

frm 


^ it/ 


Mi-F 


b’lo. tp;i, IVinitiptip* uf pmilmHng. 


tluouicli b lliv two wui’hor biiiJ irpcwlnKMti to on inilin} letuiou P, by jnck.*. 
Ciii>t *hnwn) b'ltriMi! ottuitinl Pt^ptimK' tibuttnp»t«. Thr ponrrpip k llipn t<m m ihai tin* 
aoi-hof Sfwr i-nrli nx) of ttw tamm. After Ittt ronprcU' btiK bnitlpiinl llir 
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witm arr rtwtirpd thf njirl Uw jn^kr^ n^tnnvofl. lJi4" win'M trj' l<i ttiii- 

tmel to thi^ir uriKitiuJ unAlrp.wii Iph^Ii iht^y atf Enrpti^Iv prpvuiitc^ from cioinji m W 
I'^oriC’n:'tif. Thtij* n raiiipn'^mj^ forti." «et up in vhe c’onps^'tf . Tliii is .■^-Rghtly tliaii 
Pi tiiHTitiMj tlifc* j^iLI conliwtioii of llie concr^'to. i5tni7\L» tfii? concrete jiluiukA 

ttiid crrop-i midf^r load thp coinpredi>kpn force wiW be r^Iuced fyrther U> tlac finaJ pri- 
i-tn-ito H'hirh hfw bi~i'n found by ts|jeriefict^ to bi-^ from ^ to 5^0 j^erewot of the imtin! 
pn!^ln*wp /^|. 

The i™'nirica!ly fume P priHluee^ straw dlslnbutiim a in Fir. 103. IT If* wj 

»djie<te<| thnt the stress in the fiber do^^s not CKeeed/u the permbaible rorapree* 

?'iori niMl the ^itn'iiw in the lop fd>er t\oc^ iitrt I he' piTiuifaible leiuihm eli™* 

/( which ifi 1hi‘ order of /../lO. Tlie sub^^iuetit swrvW l^jads produce ^tre^^ distHbutinn 
h which, vehwm i>iij>eriint>uw?d un ibc kiliat rf^fulm^ in the fimil diwtribulion c. 

'fhe dcKiRn i? ni&ile m thut :it no erM iK-etion dw^e the n^itiint extreme j^lrcNt 
vxrtttHi eiiher/p in I'ompri'Ailrjsi or ft in lenKinn. ft ejin \h^ pIjowis ihjil tin' chnnp* in the 
MTiHkP under service kmdn w wry uniall. Thus tlie entire enws section of ixirterete 
iw not nll(iwcd to emek und tjerfornLa tlifoiiKhout &£ a luoiionthic mnEemh carr^inK iis 
5biire of Stress over the enlire vmeis srvtion. The pre?uInprt^i^K^^ in the concrete mlw 
in elfiM^tive in mluciliK the iliii^oEml irludon tiue lo sheur. For tliert^ ri'OjMJliFLH flteet nf 
IiirIi ullimnte slrfiiRth eaii bo used effwtjve!^' LEi cooj line lion with i™- 

I’Tpte (5,000 to 10^000 )jr*i) lo prodiief? structures which ore not feasible in onJinar>' re- 
lEilorceii eomcretf". 

TiiE^ pn^ihllitien uf printI'rjiitit-te wem- ru^uubsciil iis early nr tS-Sth However^ 
liecaiiiie nf the lack of proper uiatermls, uuthiiiit of any eousettucnce was done to develop 
the midhorl uuiii about lO^O. Fft^ysinnel^ Hover, and iyive^ since ihul time, 

been Ibc foreifnwt |jioii4.^^rs in prcstri'rwiiij? teehruE^iies and melhoi1f<. The 

Tirtl jiPLjor pnvtrta!H.t( sirueltiie ui this cuuiitry is I he VS'Eilnut Jjitie Ifridf^r iii Phila- 
delphiji, l>uiit in U150. Evince then tlie growth uf pres-EressinLas bet-n pJlieriomcnal u-nd 
the method Ims founrl wmIc application In the construction of briilR^ with i^jians up to 
StKI ft, Hixirs^ roofs, niilroAci t|(s, Ewh^, iirnt wnter-rffEora(fe tanks. Jh^^HEreswal, psrt'E'nsl 
ticams, jiiistSj aoEl slabs prcHlui-isI by ^’tni-imss-prtitltiE'lion melhods haive lieco es- 
pcicinHy 4iueia.>d$lul. 

One of the detem.Mibi |o the earl^' ilevEdopiiient nf prE>str!L>fised cinisiruciion ill this 
efiit|ntr>' Was the^ lack uf idniph^ iiiethixis for privtn^iiiR and am'honnu wircis or hur^. 
Tile ■‘aiiy nwdhods, develaped Ihcri^Iv io killriiMitu and I'nstfy. Imprfivi.<d 

llsrliniquen llaVe been —and are lieinj^: — djeVeloptwl. 

F/T*trtrcft?CiJ CiMiehiEi' struetlinis dUiy tic either prcfcnSiiJiurd «r puff^lrasmarib Tin- 
prthiiw descHtieii nbcive \s dlnslnitivi^ of pn>^teiaiiu[ii or. ii.e.+ the winw nn' st n'trlnsl 
Isdun' the cotlcreK.^ is plm-ed ariHlnd llieta. lo iHielti-nsiutilriR, 0\m*U iiin-s or chaiirnfiti 
formed Ejy paperp nib^"r, plaslie, or metal tubt** are rast in the inciiitH^r. Afler ihi- 
eoncretc has hnrdenetl the nidnforebiR wires or bars^ wliieli liave been tlueodcsJ thrnajEh 
Ehi^ holiVp ore rHpismI at fw^th enibip and ate tefndomsl by picks which tj^-ar ai^iiiLSI 
the memlwr itself. Hui table anehudriR devices :iri‘ ihi-fi appliisJ to frlieVe I he load from 
the jacks ami tmiksfer il dueclly fruia the rcmfoit4.-nit.'ot le the coiscn-te. Neither 
meLhnrl ttui tie said to tiavc n cleaj-eut ad^mEitam- over I he otficr. Tliey an' Iwth bi'iEiR 
UM'ii Huectfwdully* InsU-A^I of depending; ufiori extemo! enl anchors, kwid Is-lween Ehn 
wires nTid the sunmuHling i‘fjnen‘le (nr injei'tisl rtoui} in frequently uscil to iraiisniiL 
Stress Isetw'eeii sti'el and soncinete. 

Then* ore ns yet iiogrnemlly aekriowhstgetJ specifications fur the cieNgn of ijrestmwisl 
E'OTMTi'tep but ih^ Various prnfessiniml jioeietira are io the process of developing neci'patabti' 
iLfiiidnrds. In the niesntinie, nn'ornnHnidatKins of Vnriiwjn iwi-'andiers in the tiH-lij and 
DrgnriiiEjitinos nucIi ns I be IVirtljLml f 'emi'iit AHi4€H'iaEioii are Is'iriR folluwisj. For in- 
ve^tigatlulls [it wiht'klOR loaEis the slmiRlit^hae theory IS s-oniriiiinly list'd. For clii'i^king 
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ihi- u)tJnutU‘ rtrEiiKtJi <rf h pimitrrwHi iwmlirr, a thc^n miph ns Wliilnry'f U aj^pliEnbliF 
befuir the inetnbpr fiiitn in lleTun* Uw prt‘»ln:>Miri|i fiww miipl he {‘xcceJecI, tiie 
couEiTte Kill be rnicknl. luid llw ini>tnlipr will Aot ns mi imlinAn- Pdigfiirenj Eunmie 
ItictnbGr. 

niustritiYe Ejiinple (From tti-f. ii). A pn^tiirwinniHl uluh brid^p of 4S^rt ™n » tij 

dcHiKnncI for « livp kiwi fincludLi|t ui 400 |h por ftp// - b.OdO p^;/, - 

11-35 X ti^OOO » 2,100 t>3i;/j - 0 (ptTOiil tin tpnitioti in thu roncireti* at ^ orlumr loatki): 
niB3iimu[n daiiKotml » 0 I X 2j(i0 - 210 |i*q. A atoid idth an ulUmat^imnj^th 

of 240,(W [m atkl proportionaJ limit of MO.OOD p«i in io tie mmL Ta alav below Ibt^ 
pro;yirtirmul liinit, tlw initial Lh timjtwl \n 135,000 im, and thp fiiml vnlm^ mft*>r 

elaalicniiorumiij^, tthimkage, ami creep to 0.8 X I35,l»0 - 108,000 pei, A rcclaiiEiibr 
eeeticm 12 itt- Hide wiil be drfljpipd. 

The Uude conilitkiiia whirh rrnut be mlinEed are: 

1, At lufh EbJ the jsliMK in tlH> upporiuoit RtierH aiine,} hy ihi? pmitrtHi fnree niuHt 

Ijc wm «r a net rairipmsflion. 

3 At itir cenler Imt the Att«H in tliE fiben* EaLwwl L^- the preMr.w, «.mljih«| 

^th the di-mi and live load mona^nU iiiiM tie Etro or a net compre^bti. 

3. lliu Y^^uridng HrvaMtm in the *teel and cojirrcte nhniilJ nsat W exceeded. 

If thip nMiultani pmitrt^ furee i^ of pnijirr luapdludt' jiiid liw-Htcd al the lower third 
(mmt of tb.- «ectmo. then tlie concrete strtva dm' to pre-ctn^ng Bkuie nUl he lero ai the 
u|>| 3 C'r Bmr and/« fit the low er filkor ihrou^hoiil I ho ajinii (T^e, ||^j qi. 

/* " liW 


The akii cat! tlieii be lie^i^Jieil aa an ofdliiary hiiinu|^iiiisiijd rccuiiiguiar seutkm for the 
maximum la'ndmB iiiotnent whirh occars nt mkNpau [Fiic. 104 r), and cawiea a omxi- 
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.W, 


TOO X X la 

s 




. te X 2.410.000 . 

\ 12 X 2,100 

The rwiuirwl finul priwtniw fom^ in 

P _ X 2,100 X 12 X 2H.0 - 302.000 tb 

Tlw total at™ of pn*ltT?i«inK m irm t«iuir«l i* 

A - 3U2,000/l(M^,{}00 * 2.30 m| in. 

rainii wires of 0.27# in- dianietcr (area iwr wire ~ O.OfVftB ci| in.), the ntimbpr^ wiw 
letiuired i* 2.80/0.fl.’i9S - 17. l'» « i™» ““'11*^^»*‘* “ 

Umra (tom the Imttoiu of the Akb to the crnlroid uf tin- Hri« of ihr wires ia3,5 + —— 

- S 00 in the lower tbinl paint. The renwm for IohUwr the wire* in two Riouivi 
nilber than all at the tlii«l point b to develop tho optimijiii ultimate tnomj^ 5^“"™ 
The B-ireu tnost be etirastd eijiifiliy and to a total inilial prefllrtiM Pt of 3O2,000/tl-S - 
37S.OOO lb. 



It in of interest tn know wlmt overlond woiihl icsuH in the foriontion J" 

a^ion. Thow will Ih> iifttnnvHl to occur itl a tenwon rtress of 0.1/c - <i<» 
bottom fibeoi at the oirfttcr line. the prealreoH force mures n rompreraWMi of 2, ItW 

psi ut the wtine i»int, the efacktnB.locid ini>immt would be such m. to mure ft fire™ m 
2,700 (wt IP n lioniOKtc^Miuj^ wtlion 

M„ - 2,7n0 X 12 X 21*/li “ 3.120,000 in--lb 

Tlie unifunu luad miuireil lo obtain tbb moment is ItftS lb |kT sq ft. Siniv tlw dead 
load b 300 Ih per *1 fl. tbi- live load wmiM l»e tl05 Ih per U or 1.51 timrajlw d«mii 
lire land of 40Q lb per h| ft. Tlib in an ample innnpu of wfely apire't rrackiOH- 
From the ACT f'ode «|uation (All I In- ultimate resuUiTiR moment in 

If. - (l - 


wlwrf? Qnly tbw ali'ol m ihfl tower hair of thi^ b«nn ik Antv \t abnr rirnim 

at ihf ullimati' Jnad. ThuA 


P 


X 0.05^ 


- O.OOST^ 


12 X 20.^ 






















T-JiM 


BBrN>X)RCEt> CON'i'RE'rE 


/t - 240.000 FMi 
Jr * ll.0(X> fwi 
it ~ 20.5 in. 

-If. - n.0O87« X 24fl,n«i 6 ,, ,^51 

- ft. 440,131X1 ir.-lh 

The OVtml] rtaft'ty furtcir Ib ^ ^ 

" 2,410,000 

The mn-KimuTn ilk|;cFfi 4 il teriHwi fffnsss at viwkiiiic Irjadn ttil] neeur :il mhl-height &t w-t 

eEh[i jind ni^iy Im^ niniputed fnitu Ihp i^nvefklkktial fomiub for i^aTnhhied ilmtfs 


wlw*re / “ 

2 




\ ,050 ijwi^ 




2 “ a \ 12 X 24 



P*5. 


1 050 y--- 

^ - Vm^}^ + ( 525 )* 


“0 pej (teiuion)^ 


Thi5 value u only about one-feolh that wMah would occur if there were no pmst r®*lniE 
ThiEi iaEUwtcfl that there be §ojue savto^ of inateriiii bv umor thiu ireb eeetioM 

wch rti I fc^ms or bos Mvtiona rather ihati a wild ilab. Thia' ti beuiK done in nrft^:(iee 
It can be ahoiiTi that the iacnyue in ftt«| irtreaa ynder ficrvice lofiik is snuiLl and the 
final atresa la than the iiuliikl prf^tre^ 


^ ^ Siifumiatiun on pnwtreseed eoneiete in the Jourtml of the 

AC I. RL^en'Eiiw 21 rtJid 22 are exeetlent receni textlxiot^. 
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Section H 

SOIL MECHANICS AM) FOUNDATIONS 


By Albert E. CuMMixtiS axd Lixtos Hart 


PROPERTIES OF SOILS 

Origin and Composition of Soils. Tliu Mn] is of partlrli^ iii(Ti»tin(E physi- 

mllv tn MEV itiiil Fimf"! unJ varying in ciifiiiicAl mmira^Uiun. tJrsponir- maltcr, walc'r, 
nlr tLud Iwii^lcriei iiTt; ii^imltj, prtw^nl l^it mi\ of iniiHfftl 

whirli hjw afiRitwiHsl fiNim PcJrk^ by tbr arjjuti rtf a uf 

JltK-kfl may Ih' rtf ihrt'i* kind#: the ignt^n mrk?, nitidii! by tlio Mliilifuralion ai molloti 
nuiti-rifti; Ihp #4aliiiir-nloo^ rock#, funnel from s^iim^nt# tiniuMlnl chiefly by wntc? 
Ua by Mr fctnti iri?p amJ l\\e- Tnrtamnrphid roeki, fortniNl by tN^rlain 

ftclirig on pTOPKi^litig Tix*ki» amJ nilcriikg tlii-|r ori^iin! clintmrienH to sucli an csh-iu 
ihju tbi‘ TVfrtilUint itick# an^ conMdereti a* i-onnlstuctiig u wrmnilf go^up. 

tiraiiite, dSnritc, rliyrtlito, nnflc^ite. anil bsiwiit arc repn^^otative# of the iRni-rtUf^ 
rocks; conglnnw-rntc, saiidsfonr, find limr^Bonc. of tho Mdinsciiloiy rfick#; nm] 

quart Kite, ptatc^ anti iruirbliv of lit*" nw'laiinrrii'bii" rocka. It w c^tinuilciJ itmt 
Ibm'-frturtiin nf thi; lamJ an** of ibc ^tSuia? i# nnch-rlain by ?aHlsfiiciit«ry rot'k#, and the 
rtlJicr fourth by ijfni'oua amt mfiasnondisc rock#- 

The rtfidviriratiort and idciilifi^tiun of i# not ycl nn c^ci Tfii- tack rd 

wxjnlilintion in the n^rk of diffen-nt pEyi»uti* iiirolbha-N piovcntcdthe sUmdardi- 

ialiuik rtf icriii# for cittkcr itidivii.lual #oLl umtA^nRls nr tliffcn^rit xoil inialumL A loinmoii 
method of soil clfwniicntion ts nn particle h# iSttisiratfaJ in 1. m vnrirtu# 
rtoil frartioiL# shown im die clnirt may be lifT^cril^ril ns billiaww. 

Gravel. The rock fraRiiw^nlP "iiicb inaki^ np jjtavcl ncM tipanSlv roundid by water 
m-tiun ai]d abrnsinn. Tin- riiiatlcr pit'cefi are know n as -|adibh^/' niid fbe lan^i-r onw 
as "boulders/' ^in «7 quart k t# the Imnbi^t of the rtM-kdormin# [iiitH>nils. it is the prin- 
rL|Mt! canstituent of mcjftt p^mvel#; ttnil wrefl r^mnded ijetilih^ and iKaitdi^r?. htt%-irig 
midergrtia^ loiig w'oarp am mnuiUy runiptwii alnirtst cutjn*^ly' nf qiiartn. On I fit other 
handp fcrwvcl that U only ulightly worn, and tbendorc n^Kh ami ntiimtar, i-ommonly 
includes ollitf iiiirtcral.^ frtn.'li n# jgrnmtc, schist, lia^wlt, or linieaUim^ 

Cwae Sind. Tii'is fniclbMi in uMually rounilM bkc jicbblc# and b likely to corL-isl 
of the Slime niifkpnib ae thi" jctiiA'sl with wliii'li il isceiiire. 

Fine Sind, Thi^ fim-hiinil jjanick's arc nften mom nrteiilar iSmii th«e of the coaree^ 
sand fraclimi, but they ntv iiauiiHy made ni the flnme iiiinerals as the KHirae f^nml ftmi 
grntvcl with which they nn? fnutid. 

Sill. Silt usually cotistsls of grain# which an^ flimltiir ex)r€>|jt for sine to the fine mm\ 
and haw tli+i aamn ijuniftn! cOTniMfeitiou, In Kciine casw, however, it may be largely' a 

I CjiuauiCDX, JL, OftiwiBewUiia isd |i|flfiiinc»ii™i ml fVar. ASC^. sbL 73, Nu. fl, p- 7JS3. Jue«. 
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F10. I Co«»|:fcrtrLwfcM i:f prinH^wii Rrnin-^^JA^^ 


|tn»lurl or iihcnural diiTiy rrtthcf l>mi| ,>f fork (trin.liiii; tin,i (u. ..urli nmy r.Hb.i?t «f 
Hiliceitts ..r Hlumlnunk iin.l ili.> tilknlinr iunlui j.it.j nf .wirffH of W In ciIIht cskw 
iJl** rtll limy bn- comirfjrt'iJ of wgatlic nuilrrialn fiUi.li as JnravtHi vi:-Hi'talioTL 
Clay. Wlilli' lln- TOntwr M)ii fniutioiut ununlty roiuilHl Hf .jtiftEmil fraKDIotita -mnh 
1U1 Iiunri* Olid rold--jmr. tf«. rldj fn.i‘lS,H. ftimwf Li.tin?ly of iho i^i^jiiliin pr(xl- 

Ui-L. of rhiiiuiriil winttburirij? J’ln; m<jn- [Jii-tir and U‘«i Miiliio varirlin. of , luv nri' 
Irtfp-ty id Hitt Bonlditp iMirtielos. Clay dilTcw from tli.- iTOamPr mil fmrtimo. 

Ill (I11.I It IN Oftin Ihp rlirmii-hlly mn.tiv.. portioil of iW mil. ithile tUv roawpr Wimii. 

An- ii-^iuillv iiii.‘rt. 

C«llftid». r.>lliM,. im luik- oniy llimy fumr day pirtidt, whii'h nLow pronouoiM.d 
Ifr^twriiian mnt.-.>nv>nt ii.hi'ii jiiiNprri(I.Hl fn waior. Hnjwnijm nioyonw fil ia ili Hoi il ni. th.. 
i.lai<. of .'oiiNlmil ini.inltT.-d iiiotiDii tvidbfr Ln.fir the [iiicroNMipo) whitli i-. due u, the 
fael tlml «.d. tNirtir le pc^^^ i.;„.|rirfll doojte j| t„ ,„hi.r partlrl,^ 

Niimhirlyehurdf-tl. Orilinarth colloi.l* on: mn.-qden-d a.* .-ondNtir.B of F^rtieW rt flOl noj. 

in diBJUrf^ipr ttiid Ittitts 


Suds hiflo^ced by Climate. The mii.iT^ .„r,*titiie,its of ihe noil purtii].-!. dii^rud 
laixdy ujmii Uie ehemiea «mip«dtio„ d ihe nonid n«-fe and fiie eondiliooN un.ltr 
«hi, h the HoiU were rfevetriped. to lm..ii<| north, ™ nentlieriiiK ofi™ 

ilii- reniovni of inin and aluminum oviden by h-m hing wl.irh n-mUa So ™ik eotHnininB 
re atively lantf lareUhtHlnli.mN til d!i«l. Iteloa- ihe lenehed ^urfa,™are f„n„.l the eoLla in 
whii-l, the wituhermii hna not » far ami in whidi. althmiKii the Htliea htiH 

tm-domirmteN, ihe i.niooiitN of lllumiouin ami iimi o,i,W am gn-aler limn m ... 

MmI. IJieee wiaillli-r.-cl liuiLenaU are fi«iu.„tlv iioderhtifi bv the Fiment Kn-k 

In humid trapiral eliniutee, the diira t ofien learhH out'of (hi- MiiV. with llm n-Full 
Ihiil the iron and aluminum i™ti« pn-doniLmte. Tl.ia t.t jn- of *™thennK ie termed 
ti. eutir and reeulla in the fornutiiofi iJ II,e lafetitie noiIn of the Aaifhen, Unin-I Si«i., 
Biiiil Irtu- lnM‘riti“*< ijf Ihp 

<Wgm of SuUa. Soil, are ealhd -reddual ’ or ■■|rana|t,trt.Hl ‘ .jepeiidhiK 
on aheiher ttn-y have l,.mmn.Nl in pJa,^ or have iaN-o mov,d fmm the lor.uioni. wliem 



























































































































PROpEftriKti OF I^ILS 




itiL-v inrijptiiJI.v fornkffl. Itiwiduul mAU im ludr aKI dpjKrfiti tleri>iKi % ibi^ ptwi^ 
lit raek uTiithprinjE ctf tmm orpcHiiir wL-ciiuiuliuion in jilurf'. Tiny induck* di-pcMfit* Jo 
riv»-d rroni diH’ay ctf tlie immt^liAlpSy underlyinK njrkif and depwiti^ i^hirk \mvv 
bcvii form^ iiJ |iljipe fttum tlsi' Jiivumuliitioik of or^nie irmtli^r, fckuch JUf ll'w f«itl and 
dG-potiiU in fKipiik ahJ [nkc^ 

ftt«^>iJuAl fwilp which Tuiturnlly the firxt in Le foritu-il, is qflrti imiukportiHl hy w jiler, 
wrinii, nt ^kdini a^^tiofi Ui oUief lomlitin^ apiJ ihef® LaiJ down- Thf LtikJM|jorting pijEency 
JeiemijriuSp to a krue essten.!-, sSie. shniK*. tinJ amuJitertirnT uf Iht^ iiiJlviilujif 
^xirrijifisiniiL tlieec ikhIf. When Jepositt^d waU^rp they are ndEeJ ^'nlliivtal nipd 

rhifH' inebih^ t«edinientAr>' i‘iA,vi9 aiid dltj and the Mkinhi iiikd KraVTsU) ffAind iu stream 
lierU, < fuivc c^amiHl wii materials am! depn^tcd them when I he>' ^ueii 

ilepodtj: an? ealW ^^niomjnea,'* aud the nukterial cuituprifliny them m tidted 
till'" or "boulder eVy/' Wlnd-bome deposits* railed "aeotiuriip''' iiidude the dunt^ Mods 
and the tntw wjjL. 

Cias^iHuidoafi Bised on Gniding and Teiture. Tiie of the inihvickial |uirlieli‘^ 
i^onijKrt^iisjf a fdvr-n sod inLtlurf^ may differ widely tiei‘'4iu^.? of the varipiitiorui jo the riht4'' 
ijf wealhering tkml tin? midnjt efifect of the tttiiiP|»rliriy tijo-neis^h. Tiw term '^testurr-’" 
the j:Mirtii’'h>^€iro distribution for a ffiveti saih and this luirtis'h'-sijA^ ilistrihutiuh 
ts nk-terudiieil hy met hanieal atialyw^, Mintm's of sin‘eifie KtnJinpts are df^j^naled as 
diatincl scst ivpc^s with sueh itaJiiietj u* saTKlft, satEbdy claj^Sp rlay loamSp omJ sjli loatiis. 
The eLiiiisifiL-atioi[t of pads aeroitlLuj^ to testure is usually doim by mrans of irian^htr 
dii^emms sueik as those idiowii in titt. 2- 
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Fna- 2. CcHiinartiWin of scwl-rliWiiiifiailiufi triafl«hM_ 


ClassiacatiDO Biwed oa Compftftitioo. -either lertus cuuimonly iM^I In desrrip- 

timm nf mA\ mistun-P An? TkaHkes ttf niabTiaii sueh adcihi-p blow^ sand, ehalkp 

!kme nit'kp nmi!. And peu\. Temw Indicative of cheiikiral conipwitian sueh as 
as;id mil, alkaline wil, cpJoutMMia imiIt and aaiikie soil iwi? alfto u^l. They aitl- deficietl 
3ks fnlluwp; 

Adiiiitr, Him^y-texiured alluvial rl»y soil fmm wldch uiiburni?rl brick are made. 
Ovciirs mAinliy in the mid recoils of tike rtHJth western UiiitctJ SUkH^ 
dS'o/jff, Wimbbome frec-movjni^ dqne sand. 
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A It^m^ Eipplkii in thp Sl^nKi>A Iti n t^Up dl fottruiliaiiJi roiuriatiiiK 

cliipfly ol {^nViuni carbprMit^! ond iralicu, in tiad fortn cif j^ncK and (cmv<>3ji, r^mciiiud 

into n {:ongli3rai'rat<i by calHimi f^athqiuilo. 

A !H>ft pornyji vjinely ed Wnvf mck, cniini«ilnir in stiith^ id mii^miTOpk 
shell eii^d in otherw ciF rhemi™]iy precipilntecl pnrtirli'fl of mlcium carlKin^te. 

Oumho. A idftfi? of peTEilinr fimHjtmirbpd wiilji, tmiB-Lly devoid af sand and rieh in 
idlcallne connpcrundf. WTien fintiinitod with wnter^ the?- boKoniE' or FOftpy in ap- 
iwamiiee and to ihe toucin 

Limf Rork. An uneorwoliditlori or partly l^otk?<otitiaLni form of limrstortt*« tufiuilly t?oo- 
Uiining shells or shell fnuprirnlri. I Jf manne 

Mart. A term applied to any earthy emmhjio^ deposit oofitAining varying Qunnii- 
ties of ealeium rarhonnUs eby* eiaods and rarlMmnetfoiiii owteruilr 
Pt^. Comijowd pFiKiomxnao I ly of arganie ouilerinl, hiftlily fibrous^ with easily reo- 
ogiiked ptnnl n^nmins,, 

And SmL A soil deficient in n^idtable bo^efl, partieularly eateium, and Kiving an 
arid n^aelion when tested by Klaodard Oielhoda. 

SoiL A noil eonljkiniikH nn ifKn‘*»pivv ahtiiounL ot Iho alkaline Bdlts. 
f^aicarmt^ Soil A noil rootaintog Fuffioient eoicriom mrbonjite to eJTervif&co when 
tinted with weak hyiirnefilorin arid. 

+Sbii, A Mill rtinlaimOK eJtm^ivo altiollkitft of the neutral or lionalknlllke walt^. 
ClASsifteation According to Coasistencyn may Ih^ oallnl ptiutic or frinbleH de- 

IN-iiditkg upon the rfkhefTion bf^tween the soil partiek-a. In a saturated isIcLStic soil, tlkt-re 
is fOiisiderahle cohenion so that miJcturi'ft of plastie nmleTialF and water have the proji- 
erty of fnnniiiK tnir paiiteiii with defuiLle elkafaeteiruiti» pueh iw plcijiticity and ftovs 
under ppei^ure. Upon evaporation uf moisture^ inch. pcLn1i*T!i hanli-n into- eompakcl uuu^'S. 
I’laslw materials liave the piroperty of ck'fornmtg imder a conMant shearing stress, in 
eontrast with clastic nLiitt!rialH in which tim strens rnuKt inrreaoe vith Lncrean^ of strain. 
Plastie Bolls an? also eailHl ‘Vr^hwive" Poils, 

Ffinlilo lUiilSp Leriiicd also “cohesionless," are ihii cotiverBe of pltifftie *oiU. S-uch 
materialif w lieu mixed with water do not form true paxtea and upon evafioratinii of the 
mourture kieconie inrn.»iiiqngly r‘M!y tii erumbk uiatiln when thomugJily dr>^, they vct\l 
fail to ptiwdiT like diy' lymcl at a slijtbt tout'h. 

Sail Erploratton and Fi^d TACthig. The lunount that ahnuld lat Kja^nt on explumtiun 
nnd teeliiig will dejiend an like size anii coet of ihe stnicture. For a kmte 

sLnjclure etwtinp niillkma uf dollam, thoJe 1* juntih^-alioii for Kprading Rt lea^t 
thcHOuknd doUflfs iti ordar to naikd a cariFful and eomijlete inviwEiipitlnn. For suudk-r 
stmefures. the potrt of the iiivetlkntion will iierEY^irily Iw liniiti^ to a compnmlSycly 
small amoimL 

The irivraiUdiadon should nlwaya inetiidL- sluJii-a uf the history of preaent aiwJ prior 
existing slmeluiiR? in thti vieinily of the site on w hich it is propomi to huiltl togi Liter 
wilh Ihe tkUitorical geolo!g>' of the sub^urfaee fonimtions don^n to thk^ roek siirf&ee. 
Whea+?ver there are nearby ntnictune^^ ir^quirtes should bi^ made about Urn roundadons 
of thwe sHnirlures with rwppcL to (I) diiptli of foun<iiiliun bi4iiw ground level, (2) tj-pei 
of foundation, and (3) the bcliavior of tlie foumlntiou Including Betiknient nM^onJs. 

Tlie ilepth nf adjacent foundnlioiie slknukJ Iw invii^tigated^ boi.-ause Lhia may deter¬ 
mine the l>-pe M fiHindaticMi M^k'^tral for tlie new slnif'ture. In mnet ImraliLies therw 
are taws and building regulatiofia relating to the proUa-tion of adian^nt ptruciurva when 
eJccavalionH are mnite for new atrur tunes, fn some cam^, rhe pctisan who maki^ ilic 
qXeaVAtion IS restMjnsible for thi' prcktecHou of ftdjaoent sl^ieiures. He must provide 
4tnd pay for I he prop'^r stip^mrt nf thi- Ekdjarent wlructufTw while the imw sfcnjftura In 
l?eing laiilt. In. other cnMni. the perarju who extmvate« is rxot n^iponsihle for the pm- 
iwlion of udjai-rEit slfucluri^. ife must notify adpeent property owner? tlukl he is 
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uoiiix to riwuviilc for nnd iHjild » new ulnjcturt, but tlio BdjfteMt pruprrty owrin-rn 
nfv to pfoviilP iintJ i»y for imy nwwwnrt- nuppnrt (er their ptrurliliTs wlii^ ihr 

new rtnicture ia being huilL It i» tlicn/ore niwpMarj- to ronaider the tieplh of exiistinK 
KljneTOl faundBtiumt tu well « tin- depth of ti» fiiuiidstion of the new alrticlure hnei 
to atudy the building regulotioni in iho loenlity whnre the m-w aimelure iw to be built, 
Tlw type of foundiitjoii on w liieh niwirby struetunw luiine been biiilL u well oa tlir 
iimiiner in whieh the**- fouiulfttiaia btve tu-linved, abimtJ if iiiverti«ul«J. The hiaton- 
of foundntlnu roiwlnirtion in downUiwii Cbirago ill uai rate# thu usefulnetw of tbU kind 
of ijiTamifttion. to ISSO, Ll«-n: wen* no ImiklioKM in downtown t’hicn)(o higher 

timo nlout M* itoric*. Theae biiildinga were roiuporatively light, mni they «lo«l up 
RiitLafju-torily on aiuillow fuurnliitiona plaet^l jnal n few fi-arl below iUwt teVel. The 
eariii>et akyMrspera wen- l«iill Iw-tween ISSlp nwi 1S<«, Tiny* buildings wens only 15 
m IS aluTte# high, hut they wen.- muelt ht-avk-r Ibnu tlie older building?. The ntiw *ky- 
wrwpt'rt wort also Imiil on eDUiparatively diallow roundalions placed not far below 
striit level. In some raws iht-w foundationH were individual pic« supiwriiiig the 
ipuilding eolutafus and wall*, and iii olhi-r lauww iliey wi-fv mat ftmtidaliona estending 
over the entire area oerupied hy the building. Most of these buildinip Isegan to settle 
Njoii after tbev were bn lit, and many of thrm ronti Hill'd to eetlle for yrare afterwani. 
Ten vea™ of I'lpertenffl' with this ty[«- of foundation led to die eonelu-dou tiiat it was 
innilMuate for laavt' buildings. Ry I'JOO wooden piies weft btdng rfriwn to supi»rt 
heavy almcturps. huilditigs amJe taller atiJ Iw.-ivier, it was awn found that 
w™ m^sufEicielitp floJ ^hn Chirac ^ wfu? dovrliipcd 

and u-whI, The deveiopmenl of a sati-fattcur type of fciuiHlatiuti for Chiragp s ety- 
serapei* wna a sort of cvolutionarj- prw.tyta, with eaeh suPiTotJing builder leanung fmin 
the mistakes of his prMlii*wiMTrs. This ovolutiou » a eontinumE proeese. 

U ii also rw'fessnrv to loeote and to map idt underground slnjelufts on the site of the 
Eiroposed work. Tllis is rtpceiatly importaiit in the dottiilnwn witioiui of largo eilnw 
whift then* are imually water mains, gas luain?, sewers, i.lmrir-powor duets, lelejihniie 
eonJuito, and buriMi fwodatioii-s which supporu-d i.-tnirlun-a sittee di'iiioli8he.i, U’H^ing 
tin- old foumialimis in place and eovcrtd up bj barklill. !5ueh undi-rittound utilities 
mijiH bo protwloil Juritig cuiistruotbn, nnd it i* noccssaiy to know t^y are so 

as to avoid nceidents; it is also newasary to know all that can bi- learned of ail old fisjn.bi- 
tinns so that tbiw may bo spanned or trmoved. 

In addition to the colleeiioo of all avnilable ioformniiun atKiut adjsccut sttueture?. 
the pn-limiiuirv iovestigntiim diould alway* inrludo aomc »ft of soil esplumtion ut tlie 
actual sift of the projioaeil ?truelun', t'ariouH methisls are u?i'<l to eaploft nnd somple 

m\h for fuundfition y it-l 

The simplest method of s«l esplonilioii is by inenna of MuiidiUK rt^*. Tbew nre 
rm\s cut into scclioiiii 1 too ft lonff, the Ixiiig ihrt^ftikd ftt 

LtiP iw Itiat thr>^ ifin tie joiiiod tnip ther by touplinjpi. A HF-eiioti wbiuh in iwiikt^nS 
at onn mid is driven into the gwund first, nnd the oust section U fastened on lop i.f that 
and driven farther. Tliis method of eupbration iiix« not proiluce a soil samp e. When 
thf! rodii an? wUhdruH n Overe i* sKiil JumiiaiJ ihe ^f thi‘ but tlii'wi mmW 

pieces of wit eannoi l» considr™! ne soli samples. r^.uiniUng are u«‘ ui for io«iting 
rock or iHHilikni, providwt timl llirH- mit urouml fHirUiv. \ vt 

anil eaplnralinn fnr foumlntinu pur^s^. the sounding rnd i? mil u-milly mtisfnelon-. 

Ano^r type of soil explomlinii w ly mo methoiLs u.<itotly cal I'd -g^ipliysical mctli- 
ods ” * (Iw of these is Irttscd on the electric resbuivity nf the wil and the other la Ism-i! 
on eiastic wave trawfflissioii. The latter is often n-fettwl to as the "scismojtmphie 
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onm H A.. 'i^piartiJon o< Boil CwvdnJo*™ •nd at*di»io ^hatA oi Eciil- 
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mE'thfhi"' Onp mrlhixl. of rX|:ibraljocL um'i« h ^K|il(N!«kr)l'i siT tlii^ 

Krrkurkil 1 ‘tirftHH^H fin-iJ Oit‘ strtw wuvfts imyhJu-t^I in ihrMwl bv i\m nrr ft^rdc*ti 

im RdsnKq^nfcpiw ill <l{fr^?rc-iot fntm itw ItirriliMn n( tin- ^^xploniriu. Tht^ mu] 

i^finditkEkikH iin* dL-^hi^-H-d fnJSin tlkiw“ ph nvnnU. In f>thfr Thf wptvf* 

in ibt' ^lil nn- pnvikii-r^l f]>' niiii^likni>H tli^t I'khniU^ Find u\t a K-rit^ nf vibnitiniL^ in- 
Hif A iFkkpkiW. T^Ll’ (dpl-trir-n^TfiHtivil y ■H'b.'Ct ric inut^^siri 

C»F I be WAV4-» iy<r<l b\' the meTtn^l, |fiiJ|>hy!rirA| methodf^ 

HFT’ t»fH‘Ek iiHfful f^>r tcK'ntin^ rork^ bul Ihcv dr> not prndiieo Any s*oit jdimpbv iind ihey 
|jrQvi4|4> i^mipnmtively lit lie infnrinmtkttki AlAnit the eFiArm^tf^f nf thr miiI bnliif^nk the 
j^rrnunl Miirfnee iktul ihe rock- h^stcept for wry pndirniriArj' mvi‘«»1kKution o%Tr hiripr 
AreaH, Ihm* nieihod!? Are not #witiBfflctary for ruoEiiiiitjn[k ov'plorrttiiktk. 

The ni^^t i'oiEkHKiik niE^thod of rtiit c^cpIofAtlan for foundation work w by mcnnn of 
Ltoriiki^, V'lkilnuji prneedurp^ lire UAr^J in nmkinje wnil IkoiiuKr. AlthiniKls mmw of lliein 
nn- pniftlraklly worth^ofis ^ i&r gj3 fouiidiitioti invt^UEAfionfl cue roncerniHL 



Vui. 3. Snal-bcjd-lELjt inoltirKbL (rti wn^r tjoriniti, (/j^> Hrimh WtEkR?., fp> dr^ -MiiiTklE barings. 


Sonu'lmif¥ Ijonnjpi arc marie wiili an ntiRcr, whirh in psinilrtr la thr nuRcrp ujhmJ for 
ilrillin/ nijai {F ig. The aup^r \s wlarti'd aI kiie (ox^utid mirfikce anrl in hy 

KaocI n feir lump into the^ih after lAiurh it b withfin^n n nad the w)il \n removed ffuin 
ihi> Ihn^iilfl of the aujfir. Thi^ finAHw ii n-tkeatcd until thi^ horirkg hjta hr-rn CArrii'cl 
in the depth. OnfLtumly, nusO^r boHTLJfs' ttfp mndc Wilhfmt thr nw of mskiJK 

in tlif" iMirehoh!, and it k often tnipwAiMc to determine from wkiL-h mmI i-tmtunk a givm 
atigE f ^ninpli- mntr. like wdw of ihn bole wmieiime^ t-avc lEk, aoeI Ihc miil pirkiNl up 
l>y the rtiijftcr at ihc imtiom iif the iKih- wi[| In- mtil thnt hafl falh je fn>m the wiihfr. of 
boll' wt Home higher elev atiiMs. If i rwinK k umA in an hu^^r lAmiiR, f tie eAMni; ran hr 
riraiiii‘41 out with tlie OUEIT and ^il Nimpikp tun lio d>Eniknhil rrom below the fautoEii 
4/ the 4‘aainK. However, in either eiiw?. Uec urtkuii of the AuipT dlpftUj-hH lhe ao^l to 
tu^h nti extent that the aUfiir sample will rumki«.h tkttte or no infomiaUon ikhoui the 
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r:hurEtrfjiT iif tht^ kjiI iti itj* iintuntl Exc^^pT far i^ijpf'rfii'Uiil Jtiiii vfiy p^plimirtar^^ 

work, ihp mw'i’-lmnftR inc-thod w not ^^^klb^^n^to^>' for rx|ilumlion, 

Anollwr 1 >tw of Iwirin^ I km w oFuiti iv*t'U w a bortiiK { Kitt- 3 ^j)- I’or 

Mtoi^h boring.^ k » si way# inTtwdiiy’ to « t’iL#inK whirh is lirtinlty nwidi' of 2- or 
duitrtutiT pipe eut into welioo^ nl'xMit o ft Ioiik. Tk-es" «i»etioa-i an* ihn'OiliNl nt }wth 
vn^y »n they caii be jotried toKt^Thi'f Siv rouplinKi*. A wflu^h pipe y kineil !tfc(<idiMkf rttaioe, 
Hii-il iliLi- i# u^iiallv Tnaiie of l-^in- pipe rtit into i*eetiuii5- fr^ini- 5 to JO ft h>.n-^- Ike pretimiih- 
Ilf wanh pi|:M^ ntv ]l1pi> ihrT^oilefl III Fml h i^fwls #rj the\' eah joined lrj|Sirlhei' with r-^>U|ili 
VuriLiu# kind^ of ehuppliiit blti ire u^i oti the lower etid uff lhi‘ wuiHh pi|)e. juai it-^ upiM'f 
ellil to a arnnlli forc^ pump throu^fk a Wiiu^r i-wivel and n To at^ri tin- 

3i 5-fl lefn^ik uf ea^tici^ bi driven into the jyraind and tin' witah pii>f~ ia pku'eil iiiHide 
of il. U'liter IH for^hij downward in the waj-h (lijite^ niaJ How# out Jhrnu.|^li tlie elioppiiijt 
HI at Ijw' lL»Ott.im, TJiis water then rial's^ in the H-tween the waals pipe cmrl the 

rwMinR aiiii oAwdows at the t«Eirfan^. The Hiring la ndvanred by addinp lenj^tlia of iiMrliiit 
and wawh pipt^ and <x>nl iniiina tiie pna’-c^ of phoppifm and wfiahin^ fwiil frsant tlie hot- 
tom nf Iho Ixjtitiip U hnkujtht lo tJit" atirfwf'i^ hy tile H’iu*h wnteT, and iwil Riniplea are 
nhfained by eailrlkinR like overdow water in n rontiduer and perniiltin^c the hmI (jirtiek*? 
tni nut- Tlie W'n#ik-i>orki3K mk'thiwf tB entirely unwitiafartOfv for foLUkiiatiiMl 

phiration. V\"lien iliin nkethod h UNal in ehiy? and KiltH, I he wiil ^imph^i; an' nothing 
but n filurr^' of ntud nod writer. Then' furtkbdt prnrUeally nn iitfotnialitiij idMau llie coii'- 
ililkni of lise f^iil in ila natural istale. In ftitkiM nikd j^ravehi. the w'stsh^bonnp; pmcMH^tw 
brijkice up the fine partirli't* but leave# liie Lasmwt^ cmeB in the iMltom nf the Iwinnpf. A 
Iklich vetoeily in ihe n'lnni w‘'a^*h w’nler i# ni'i:ewfmr>' in oriliT tti britiit even a fair-^isiNi 
tuind partirle up to the sipfno-. 

Tbi- innal tHinimEaily iL'Hii Iteth’’ of ta>rin^ liial ia aatUfnetorv’ njal at thi^ tiini* 

ri'latlvely In^yxpi n.^ts-u ^ tolled n aaiuijJe H^ritiE" nini u u cTPinbimitian of ttir 

wiiah-horiii|t proee^ with a aaniplinK nietluxl thal n ?«iti#f[ie|or> #nil iviinplr 

(Kijt 5e>. 'Fhe l.r.rehnle advaiiwl by wa-^hini! anil rhnppiriki jnri in wiL#li-H>riiiE 
itietikial. VV’Jien a #nil paEiiple i^ to Iks taken, ibi' Ijondkoh' e* ean'-fiilly rleaiii^ opi down 
t<s ibe but torn of l hi‘ eaj<inE and iki! W'nsh piia*! W puliiH! out The e hupping hil^ ia 
K'lnoveiJ froiti (lie luwi'f end of the w^aah pipe, niirl a ** 01 ! l'< atinehi'i.l. Hu- 

wa^h pipe i* then pjl bark inh* ihf eaditLS nrH.! a soil sample i# iw*euiii‘d by drivitiE tile 
fKkinpWr tiilo the aoil ta^nw the iKitiutn of the etwiiLij. A KuiUkble jtainplinE tool for this 
purpCK^ ean Ije marje froin a piece of Idn. ID by 1 J^in. UD or Di,'in- ID 2-iti. Ol) 
iH'amh'wji^Bleel luhinKalMHiT 24^ n. lon^ to pironde Mitnpie>! *4 l-in. or I^iriE*- dtiiineli'^ 
I'be iiirp^er diamrter i# pn-ferkwl, ami il n.tiuirf'H the uk"‘ of 2* vitk- ni^riiE. Tlii' Uilw 
thn-adNl at Ipolh i^nd# and h ihen f^plit kjiijdiu-ihinlly into two Tike upper t nd 

tkf I he ampler lis allachiKl to tiie- lower elid of the wa#h pipt* i^y a n.'dllf'inj^ c'o^fklitl^f^ nlid 
I he lower i^rkrl of sampler in pr^jvided with n cuttinn nhia^ w liieh nwnihW a pija' 
('oupling sharpener I lo a ehiiM I on one enil- When the sample w hnKi 4 ?hl lu ifie 
the <md#of ihe iviiupli^r an^ muietvwi'd asiii ihe two hniit'e# an? sa'pamttah li'iiviisj^ 
n eylindriitai mtW i^jinipk' SysiiE in Xoo\. 

Jk>il s^nniple# ckSitairnKi in thb* munuer iile dbtwrlirsl lo Olkly a jiliEht extent, atnl lliey 
provide rn:il niulv mi i‘ses4leikt iifea of the etkameler nf the ■^oil m ite juitnml atnte liut. 
ijy reiwJiiii! the tmmimf blows of a BlnEkibnl NO-Ib wm ijcht fn?e-falliiiE ^ in. on tkie 
tihCkl jitriTiE lit I!rive a zitjindord 2-1 n. Dli aoinpler 12 in. iiuo the mi\ when^ptEK-uriTift a 
Niinple, the nwutia nf ifte '‘BUintianl penetration lesit" uIhip ikbtmuinL The Hmiple# 
QtT> ver>’ much k»tter than any timl enn fw pnieiired ksy the au^i^r nr like waah-iwrinj£ 
tnethiHj^ AL#o, Ihi# lyja^ of siwupler can lw« pmvidwi with a s^-ctioruil liTier itk wJkkh 
^Ikner aaiiiphai’' cjiei kw prwun.iJ which nan H' deUven^d to the trtbnmtory without f hohk 
iiiakiuuLk,i^' iiamiked; uJiilp cxta'pi bkr eertain unii#u.ai prabU'in-K ri^quliinK of larEfr 

diaineUTp the liner HiiiipleB an^ adetiuikte for all tmvsmry laftorab^rx’ 
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In thi^ type of boriape, soil sojupkn iuy fli;inirtiiFu?>s inkun. m jilrnri M^tinnn of ihin- 
vfftllciJ 8€tinilcsa^tf*i>l tuljLiiie inatr'Eic] of in the ilii^k^r split siiinp1inj( tool. For a ptivsu 
fiM of caAiDff^ it U |M:»Mab]u to (jet n Inreer-diHmeter An^iiplc ^itii thin-wjtll^ tul^inif 
lluin with tljf lhiL-ki>^r^iitillt*4i ‘'ampl^rr A!?ki, ihti u-e of thin-wiailpfl tubirij? minimiittK 
ibsturlMUiCTi* due to displacoimi'Dt of »uil by liie? aampti^r. 

rhirinjte miuJe \a (his imtim-r eiihur with the split j<iuitpkt or with ihln-w^jdlod tubiof^ 
art coimiionly eullL-d “ej£piomlor>' borings/' Tht:'^ fiiwt nuid«? shiHild mlw^nys Imi 

iWTi(^i to rii'fiLHaj so iui li> provHle early infoniuilioEi rt'^mniini! ail thc^ strata. Hurh lior- 
injes ito-* not and ita^y usimlly fumkh all iht'- fnfiiniuitiuo lliat i* 

iei folvo A foiiEklmiun problrni. Sonietinu^ the rxpkfmlor^' Ijorings will duirloso a noil 
condition that will reqairu a special and more elabomte invi^itigatjon. 

For eertaiii fcKiinljiliob problems, ptirUeuliirly tho?e involviQiu the i-onjohdatiDn of 
jyitiiratcd clay beds, mDtktxis have bc^.^n (Je\tdopod for jiamplint; soils with lar^Mr dpdrw. 
ThE!^^ ^aiupting locls Pbiquiie cfising from fi to S in. in EliMUettT and iho ^.ampler take* 
sod snmpk'fl that am 5 in. or mm' in fliiLmd.-ter« .Surh wnpk^ am lamidJy mlk-d ''uiidts- 
liirl>iHi and tbey rwv requirt^i for special Inboratory tnsts. The cast of getting 

them and tr$lLiig Eheiii is mlalivcly high^ ami this nudhiid of exptomtinn u ujie<:l only for 
IwTce structures and t^HU-iicukriy ilifbcult soil eonditioiu. 

It should Imi kept in luiiuJ that tlwse ejfplamtarj' boring nu-lhoOs are not capotEkt of 
proE'trating nx'k or cVi'.n atnall iHiuldem. AeecrrdJngty, a boring rtiport for an oKpInratorv 
iKtring shoulJ MVor Indicate that thk^ baring teaohiTd LaxJriKk unim it hi definitely 
lcni»wn tluii this is so. Ill urde-jT to make sum tliat rock has bqt-n reached, and in urdi.^r 
la determine The natum and thickness of the rork Finiliifn, it is iwctssary to ti'snrt to 
spt^rial isinipTm^nt for drilling mi.^k, 

JaekhjimnuT dribs eueh iis ore u-hhJ in quartiivi or tunnels to make hah-s for hUstioH 
rhiirgi's, chum drills, and rotjuy' drilEs employing millmg bits sueh am often unsJ in 
mbwoll opera!ions are not ti.vLiaJly ^tu^fnetor^- for foundatjcjn-e^rploratlou work. All 
tlii^sn niithmis iksiroy the! slracmm of tlie rock M that ihov do not produije auiuhlo 
rock liampk'fl. Fnr foundation oSpluratiojU!, rtich drilllTIg siluuld Ise doiu^ by mtary^ 
drilling mi-ihmhc ihat will prodiice rnn,-* nf rock which ran ho brought !o the surfaetj fiir 
exatninalion. The drill bits iimicHPidy uwmI in ititary drilling are eitluT shot bits or 
diamond bits. In tht- shot bit, rhillid shot is nj4ed os an ahmsivi^ iq cut tbi- rock, in the 
diamonii bit, induHlrioJ diamonds am mt in ihi- face nf ihe Idt En cut the rtjek. ITicst^ 
lUTUAlly snudl diamonds nf which st^w.tn} am available. In a floft or wllh a 
hit of Final I fliftttii ter, ihn ahnt drill is not Katiafnetr^ry ha^mnie tins shot often breaks up 
the rock so that it IS imijossilile to Secure a giKx| ri)m in the AampliT^ aoci ii iljjuuond bit 
will pnaluee! a birtlor rock corp. fn hard rocJ^^ either type of bit is usual] v Mitisfartory; 
but, in procuring com# tif smnh diameti^r, ihii ihaniund bit is usually ptofurablo. Ji^urh 
tMEriiigs shimkl always ciLtiied at kfun S ft into the ffick. 

Aumhcr meEhtsJ of Ktil eKploratinn for fouiala(iEm siutlk^ i# by iia'aiis nf test pit#. 
In on ojicii escBvatjnn, it ia pi:mihh to i-ramme Ehc fmil in an alm^ut undisturiwsi mndi- 
tkm anil to carvi' ou! soil «nmpk^ which am mom msorly undisturix'd thou anv samph's 
that can lie aiitaimd in a Imring. However, thi# iniUhnd of £^]iplomeioEi is usually limiii'^J 
to shallow' di^Plbs because of its ivatt. On a pmjc*q of mnsiiicrahle magnitude, the ™t 
fif dwp u^st pitfl i» somcllmiw justified. Olherwiae, tbt> W expifOaivi- explomlory bor¬ 
ings am usually u*ed. 

Thi" deplh to whir?h ihr still i*SEpliirfllion should Iw eorrU'd il a tuaimr ihat ivc|uire8 
ean-ful ConsldrmlioTi. The required depth ts MJiiialiy Statijd ta be nt l™t equal to the 
smalle#! horliontal dimension of the sirucEum iioir#* rock is enetamtemd tM^fum thki 
flcpth Ls n^arhiMi If ihr? propowd sEmeEure wen? to nivor a ground uma 100 by :J00 ft, 
for eaampif, this nquinmEmI would na*an that the anil exploration phoutd be rarriisi 
at h^t to a depth of 100 ft uTilist# ri.tek is vncountcrixi iKHiner. Thia nsmirenKriit should 
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hr fuiriHcJ in tlu- cam* nF n. Si-avy rtrudunj Hurh uc a mult i-wUmed wwt hinw or a gfiitt 
cli'vjttur, J^uch Htruexun* apply" hmvy limd* lo the iwil <m;r llieif ratirt- (imuml ait-aj., 
and ihjp irnil inn's*# duo to tkiw Itwla hk' of rrnuriiluraljlc importanto at depths in tiu- 
crmind that»« aXiuul «iiwl to the borUontaJ dtTm'niilons of the tuadi^ area. Iti vun- 
liKht irtmclunMi rtft'(<riiig very larjiv BfoumJ areas it U iiHimily imprarticat find iinneortt- 
sarv 10 try t* fulfill this rMi^reuont. but the borinss should bt* cufrieii at li-asi 10 ft 
into iHitirfartory U'wiiut nuitwial. An ass nibly plant for BUlomtibilt« or aiiptaiws, f^ 
ejtantplf, miibt ho a light aUt'l ptrudure o|il etory high eji:t(<niljnB humJntls nf fwi ift 
both hijiiitintitl JiriTliau# on the gnjiind surfa«>. The nveratp" Imwl of sueh a etrudune 
over iis entire itnnind nn-a tidglil oot exec*.*! a few hundird jxmnOs per siiuire f.snt. 
For a rtmciurt of this Itiod, it would mti la iw'^tssiry totlrill huiMln'.!.- of fi-et tuo tlu- 
muiHl n-ith expbnilory iKiritiiES, A rohsid.-rablL- in.rtion of thi- luntl of the etrueluft' 
wnuki !«■ traiuunitti'd tothvsoll by eolumo foolings and wall foctings possibly fi or 10 ft 
adiii' Thi' soil stn-iw# genenitid in the underground by footinip this sixe wouUI 
prarliralh- vanL-h at di-pths of 40 to Sti Ft. 'rherefot,', as far as the f-^jtiriRs were eou- 
eemed, it would \xr sufficii-nt lo esjiton' the m\\ to ihi'se dtplhs with only one or two 

IjoriniP' nUTkHi to a iit'|Jtli of ItW or 150 fi- * . , i i.- ■. i ■ 

It is not tiwpiblo to estaldish n set of lUftrin' nik» fur the depths to whwh Ininti^ 
iihoulil be carried. The required depth should bi' iMt'sd un I hi' «iie and weight uf llu* 
slnieture with eflusidemtino la-ing ^ven lo the fact that ihe gem-mt'd m llw 

uiidiTBToutid will de|*.«nil on llnr svemge loflil over the enlLfti buikhne an-a ns well as on 

tht< lixvfIs uiiiltif the iJuiividual footings. i . ■ , ,,r 

lb all PoilKMiilomticifl wnric, It is drairahie to delermiiM' thi- pound-waler level, Uf 
all factors that eiiti-r into ^niridalion^wtraelion work, ihe otw lhat caust# tla> 
mr#t trouhie Is wau r. This is es|xwiaJly true iti liighly p>rmi^*le soib. surh as santls 
aral gravels where exntvations Iwlow thi- gnmnd-water t,d.le will ofleu mvuive -. nous 
nu raping prohh'ins, It Ls ncecssary 1<t ntiisiiler atm I he t|ue»lion of shift iiig water h-vi^. 
^a- ronstruetiim of ilwp t^'wen* or suliways will n lower the ground-wafer ^ible by 
innny fis-t. Some whIh shrink eiitutuli raldy wla-n wafer is taken out of them. Wistden 
pili-s irften demy iwpirily when they an- not couiinUouHly subimm'd ra water .Acvoid- 
ingiy, when a strurtun) Is Io be tmilt in a iiwality wk-re ihi ri- Ls a pwibility that Ik 
grouial-waler tnl*ki taisht Is- Wrrd, the fouralatiotv of th.>slrueturi shoiiUI >K'dt«ugnid 

wiih iha! wmsihilily in mind. . u i i » ■ 

The qig#liiin oF wheHn-r or not the prelimiiuwy’ iavisttgation should raelude n ^sdope 
invi^liiliob will di-fiefid lo a hup. extent on the maftniluite oF ihL- i«ojert Iiialer cob- 
idderation. An invi-slLgation by rom(»'tent geologists is len^ly nqumd for st meltwi* 
sueli ax hi'avv dam.*, bridgi's over largi- river*, and tlwp rock ttinm-b*. hop the 
slructuoa a ihoruugh p-olcgic investigatinn is mndy iwn-^ry, nlthr.ugh jt i» alwa>;. 
d^^iralile to kbowMiim-thing about the psdugir history of th- projH-ssI site lK-mu.*c this 

mav havo sonne infiui'hte on the proiwrlU's oF ihn siai, ,. , i !■ „ -i- 

Another methcMl of pnlimiiiary ibvt#iigalion that ts often uhhI m fouraialiun work 
Ls thx' soil-ksel bvit. riufh tests »mi usiiidly nuuh- on is.n.[iaratively sitral an-ns eith r 
a! tb- ground .urface or ut the bottom of a pit that lias lasn etcayaUsJ to ik level 
al Which it is pn.t«sw^l to eor^tmrt the fubmlation. is a|>Iili«l to ihe tert p ate 

in inerv'toents. and n letilemenl rxmling is taarle nt each load t^^ 

oblaitasl in this manner on' uh^sI to plot a loiol-iH-tl k-iw-nl eunne. A^ TM ^fwelni^llon 
DMW-SS^r nrovidea n milLifarinry guide lo making such lort*l li’sts, 

la coniKftion with all soil-W tests several ioifHinaiit fuels must be kept in mind. 
One of these is illusirntt-d in Kig. 4, The test plate iu tig, hi « plnced at he ground 
surfacs', ami a h««l i- applies! to the plat^. When failure o«ur* ibe soil alongside 
the ptale kaves up ns at w and ik soil under the plate fails by shear along u r^rvi^ 
xurfaee such »h *pi- When the lest is mwle m a pit as in Fut 4i. the soil inw to fail 
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in iht! mnit'f Howpwr, whtm tin* eurvi'd fftilipn^ mirfua' EH r^^arlu-ft ibr (^b^vutn^n 

|]f thi? hotlom iif Oh' pbitr nt ^11 Ihi^ mil jibovt^ I tuii inn rt^mert iiit<^ Jurlkm. 

TIh^ liTftil i<^E ifntw not Ijiil umil tbo tapd m finuujeh nni unly (4^ ftliwir llu^ ml\ atctnic 
ihf^ rarvH fiiirfaiT EE hijt nW io lift thf' blcx^k of m[\ ABf'D and to s>h#Ar il eiloriR AB. 
Tlsi‘ iH t.Kfli^ i>vi!ii if thi‘iH4l at i}w bfrttom nf ihn pit w i-khpOv fchi- f'Anw » rliL^i44}il 

ftT Ih4? jcFrniEifl fffurfant*, thi' Ix'tirinjE oipnjrity ohlainoil in pit ti-At will bt 

vi-iry’ null’ll tlmn that ihp jfMTfan* luHraiiM' of the luriiEkn itf thv l4ork of m;j|t 

AE(*D- TKijk block of mil i* oMially called oi'crhiirdrTi or piirrhanO', and Xha moll at 




Fin. 4. of OTerhurden on fiCAuli#, 


ihc plane HV In fnid to Iw loiw1ei:l with an ovtTbiinlrn ur >4urrWrKF loEirl whieh in due lo 
ihe wHjthi of I be earth alfove that plane,* 

AniEthk'f important faci abnui kmil tcKta h ilhwtmtijd in Fin- 5- A mtuan- tc^ plate 
wilh an an»a eiI I ft in plartHl on Iht^ mxmnit aurfure and a lofid uf 10,000 ]h ajiplk d 
In Ihi.^ pLale. Thi- Unit pn-fwiin^ mitk'r Lhe plate h tb-n 10,000 lb per sq iL 

Il may he noi^truHl that ibo loarl pfptiaiLi ot}t in the undcr^f^-Kiind ta the tunn of a iruti- 
catiil pyminlil whutip nlopc at oii oi^jcle af 45"*+ (In the horiKonlal pbin 4 >^ AH, whieh 
iti 2 ft f^'low I hi' ntirfaee, the 10,000-lb Irwnl h npo^ad awr an arc'a of ^5 sq ft. The 
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Fio. 5. Effort of depth IhiIuw liwle*! niirfow on tiittfti«ly of unit mtit-al pnwiure. 


nwnun:- unit \*md, which wew 10,0110 lb r mi ft nt thn kthuiie! iturTaoc, h ib refnri' n^ 
dneed to an avnmp^ Unit bad nf only 4f>fJ lb pi-r n| fI m a di^pth of 2 ft. On the bon- 
^HFktal pkne f'£l, which in 4 ft Wow thi' mirfaw, the l0,00O-lb Uml k ^ji^'tod oviir on 
ftit-n of HI fut ft «o that tb' avi mi^c unit ppfwin^ on thiP pUnn in- only 3 2,* lb pur jiq fL 
Tb' hiith Umi intf-rwty uinJt r ib^ tcjrt plate at lb Rjound Hurfare p^acHcmlly vaiiL^bp 
at a drplh annHintine to «[vera3 Itlmts the dialmdnr of thr loiuh'd an^a. 

The jsiiatilicatiCf^ of thhi can lie readily urvilenktotnl Imni Fijt. 0, which rcprew'nta a 
wail nkEHliti«>fk that » quite mmnuvn. TIu' t^un^l-water Infilr in 8 or 10 Ft Muw tb» 

- r^fj ffuWILly id J-V, 4 H^d.tkj*LP, Tkr Ulrmtutal fiin^ 

ILJ1, ill llnT^i, ||y. I 
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i'levntion itt wliith i hi* fftotinpi ^ s huildiri^ ah- to \m pluwil. Tin* mn\ tu'liw tbe ivaU'f 
liitik* ti A Pdft ra|pprrtwibh» rlR>% whi’ii'is ihi- soil aUivp l.ln* walrr tJilik* is Imrd nnd ilry, 
A J«riil-]wi l«it fio Ik iM'iirin^ ht^'r uf 1 nr 3 sq ft in mndi* on tlw hjini rlry soil at fb' pro- 



t'lO, n, S<ni3 MuditLoik* ^hrnf t«il jd vw PFiiii|iSmc|ing rwults. 


postHi clovntiim of tb* f^uttuiniss of tb* fooiiiiKS. Alrhcitigh tb' tcfft pbtr- mfky bo IcmrM 
unt il ttn? unit priwuro undL^i- thp plftto is as hijth oJ+ llli.OtMl |b pi-r ^ ft^ i1h* iinH pivfwtirt-s 
in tho tindi’^rgmiintl will Ui'Ofriso niphlly ihi' dopth. Al a liuplh of Sor 10 ft bilnw 
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mnu MErHA?ii€B ani> hjunpations 


iIr^ nirwili li^fided tln^ unit pitwure will pnw’tirally vanwh *a ih&x ib»' UM lonii will 
i'si'ft nlmiwi nu pT™^ur^^ dii llkr lop eiurfar^ nf ihc umfi'rlyin|{ r]Ky^ Thi^ ImuLa Jri^in 

full-n^wl fucitliiics ur tte luad of HU eDtirc- bulk tine pouUI prpduw high unit ntn-^v in 
tlin uiiriii^riyiiig i?Ciiiijiav«!ible cltty\ thereby nuuine FotHemfntt' nt tho juinrtiire. It mn 
tx! mn that, ujkIlt pucb mnditionj, the load teet an the pmAlJ area pah give a pomplctcly 
tnuli'adine MiJWpr aa to tbte Aldlily of the wil to support tlw atniptnrp piafply, Tbt! eotl- 
IcwmI test aJoBe ii ther^ore not a sAtssfarlory methcH} of pryllminary investigation. It 
fniigt be AProDiipanied by Mitigfnrtory tioriniEpF which will fnmbh inlormatinn about boH 
eoriditionA cfwp in the ffround, 

Oih»:r ractom in^lvrcj in the intorprc^iation «f hisd Itsta art' tiinp and atpa 

Art tar AH linw^ Plirrta an* ponrairra'il, noma poilf arn' of Jmeh a naturp thal w'ltli!^ 
rnoilt]! dn nol Inlcp plnco inamj-xiiatoly alter the laad is applieaL Th^^O- is n time lag in 
I ho H'ttleinpnl lullowitig I he limding. Lt is ttot powible to study thnnp time eflopirt with 
liMul hsifl la'puujw I hey rcpotitiui- nwr Inng pi^riiHla iiF tinu! atuJ the- Imid eantioC 
URiiaJly Ix" fH^rmitlisl to stay ui pEifl^ for a periixl ol vi^oiw. 

A typienl #4^tup m hlu^trated in Fig. 7. A pnect is otit on a tH^rinK plat^^ oolI 

on top rd this jHxt is a iPlalfomi tin wbieh the loiul i* halanppcl. iHottlpmpnt# 

Art? UM iu'uri-d hy ira’ans of a h'vel and k?vf] nrxl i^n a laplt or a atotd rod fTfitiog on tin- 
Ix^aring plate, l^and, pi^nw^nt, bnek, pig ironn steel railH, or ntlier tnaU^Hab on^ iL'tisl Far 
landing I ho platform- In [kEaeiog the lotadf if^re should he takeEi eo eaiuto oa little vibra^ 
tion as poorfble, stnei? vibration irmnsmil EE?d thnaigh rlv- pert to thti soil will naUrtc osldi- 
tlonal poltleCdpnE. 

LABORATORY TESTIMO OF SOILS 

MKhanical AnalyBia. Tin- s^-paraiii^n oi a hoiI into af*vi-ml fraotions of diffpi^nt 
grain siip? w rani'll “ ^rmn'haniral analyfib.” V\'el ttu.'i:himipjy amtlyph' Inpliuies all those 
nn'th<xirt whieh ilepend on the actiun of granular malpriiiJ flUH|H.wlcd in a liquid^ nml 
Tnethixb of pontinuoiifi fH^^iimpm At ion nif buaisl on a penes' nf mi^urmunits nn a jiup' 
p-rtfion obw^msl [luring ihp Nslimi^iitatiou prtxniis. The msw^t H'ecnl devebpment in 
(he fiidr! of Wi'l meelifuiirai nnalyHin In Ehe hydrottXtef tta^tlnxl. ft POEwtuta ol employing 
a hydnkcneief lo determine ihu variatinn in iknjity of tbi? rtusfxioPton with timi-. 

If n grtat nuiid»er ^if will graiits am rlbtrihutfd in a lifiuiil and a hydrometer is in- 
H Tivil iIm’ hyEirc^tatin uplift on I he hulb ui e<|ijai to 1 hi^ wi jghi of the suspf^Eudon 

ilisplaec^l al ttu^ eV vat ion of ihn' liulb. A hydrowter uieEu-tirea average ^lensity of 
I he rtijpp'rk.“.iH>Tk which b liLfplaiaxi by the bulb. From im obnervt«l mading thi' perwnlAge 
lt| sinl gmJtuj by wiight ran Ix' dirj'elly debirmiiied. In order to delermim^ ihi^ equiva- 
hmi *dao of thf.‘ larjpwl gmjEijs existing at th(‘ ek-vatton nf tJa- bulb, uw is madi' of Mloke«' 
law for the wlneity of ajqihere fokthug in a liquid. Fur pfurtical purpoot^ it is su^pienily 
an uraie to base this romputat ion on tlw.' di'plh from tbi' surfne^e nf the surtpi^Eiston to 
thc^ renter of Vofunip of the buib^ 

AttrrhfiTg Limil Tests, The tn«ist conspittiuus phyiidcal pfo|jerty oi a rlay la its 
pbulitity. Thirt property cbo lx.- stkiElii^ quantital ivrly by nwiline khomtory test^ 
The m*mt ynt ful of thi^^ am ralltMl I he Liquid and plastic limit tests whieh vimj origi- 
nati^i by AttertK^fg. 

TW Hmii is defllKHl os (he aater nmtent. of a soil (erpn^'itsj in pi'rn-nE, dry 

weighi) having a ponplsti-ney such l\mt two kfertinns of a mil eaite, plucxNl in h eup nml 
sr|ianitixi by agnx 1 irl^ ban^ly tnueh but flonut flow (-jgetber un*ler thir impart of R^veraJ 
.iihaqk blowi^. like determination of (Ms arbilnuily ^ktiiUxI limit h infiurlkPixl by the 
ieehni[|Ue aiiopti^d by di^enrhi opi ratuff. The fie vice shown in Fig. 8 designiHi by 
A. CoHAgranEli^ eliminaind permmal variatiems in sueh a twt by po^vjiiiog a na^KanipaJ 
mran^ for obtaining a constant impact and a tool for rutting a gitxjve to AceuraEo fU- 
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ini.'n^cinji. Umf of thitf (fevi«! hajs Jk^ii mccvpU'd by Ino^lt Inhnratoni'n w lhL> HlAiiilArJ 
mcthnci nf pi-rfarmiisg ihi* liquid-limit twt. 

In pprfqrmiti^ ibc tci^t with tliw tleviw, tUv numbi^r nf b\nw.\ whkL iwv itiiuln^d lo 
rifw thii j^TDOvi’ <*ut in n mil caku for a diJitaiiCi' H in. n( the' bt^Eloin, bi dc!t4^rinint?iJ. 
Thf^ f?urvp {ibhutiLd by pE^altlii|t th*.^ water of tho variiwii* eonfit^h^nek^ of ihf 

j^ame mil on an arithiot^lir flcak’ And tbe rormfptintliiiit nurolwr of hUmw for i-aeb otinr- 
Rirtenty ein o lci((Hjithink senW wiuf foyml to 1w n iftmiichl lint?- By iJi'finitioii tlib line 
ill ealli^il ib^ ‘^llow tiurve/' The water eontnnt eorrcip^jndsnB to 25 LIown ipbUiikCHi fmin 
Ihia ryrvf! m tht-! liquid limit. 

The p&jtfrr fiirn^ of H f»ii in defined m the water roulenl (oxjirfHW^ti in Fh-m^nt, dr>' 
weiKht l at wbieh a noil will emuible wb--n rollcti into a tbi%«d 5 nmi in.’i in iliiuneier. 

Tlu‘ s/iriHJtoffr Umi( of a swil ia thfinerl the amnunt of mo^ture- whkb is Fviffieih nt tn 
fill I be v[iiiiji in the jwil maw at the rniwimum amciiint of Flirinkage or, in other wonis, 
at lire TTiaxrmuju emycklirlatiHin under evapotation. 

From the now curve, tb- Jiqtiid limit, tb- ptautie linut, and the #hriukag)i‘ limit, jn'^-eral 
Otbi^r lodejcca can U- (bte/miiud. The ptaFtScily index Ls dcfinetl m the diffen nco be- 
lw«m the liquid limit and the plMtie Kmit. Ttre fiaw Index i# equal to the slope of ihe 
flow curve. The toughmw index ip defined as the pWtidty iiiiiex dividnl by the flow 
index. By a compamtive study of the lijidts and the several indexiw, a disttnclion 
helween ela>-a and nonplaalic mhI* and elassificalion aeeording to deipt-e of pkjrtidty 
can tie made. 
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Thfl Co«ffici«at P«tne(iyiit 3 r+ Tln^ lnw nov<?niiijj 5 lltb Hu^t d( lAuts^r tlin^iu^h 

KniliiDct jmiEn H b>' Dtkniy''fi \tiw 

Q = kiAt 

Lu which |a ihi^ iGlaX quaiitUy ol WAlor llowiciR lhrd4ij;li r wi] iif r^rodH-wctitmol utvm 
iinik-r n byiiraulic icrwli^^ut i, in iLosie L Thu coulhcjcnt h, i^aIUhI thu ^'cwftidi'iil 
(A purtnrQhilily," U dependent not only on the til^u und nhaptf.' of the Md itruioh and 
Plj-urliiFe^ but bIw on the void mtio r and the tfiiipt^raLun-. 

Tlw' coefneiml of permciibiUly ean lie deteridintHL hy dire^^l firkd inditTCt tncLhocU. 
The mrjflt iiiqHirtant amork^ iJiirel oiuttodF ith? thu £a^‘i|nikt*h«*iiEl pf^ieabilily U^rit, 
tike fjillinx^hnkii permeaWlity tent, and the fii-ld i€vi using well poinU<. Thu indin^l 
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melhodF nitait mnunfinly ui^t d itn' tin* horizontal capillarity Xt^i and ihi? coniputatioii 
from cunMiUdaliork tc-ai dsUi, Pipcum^ ti \w u chart vhniiing thk^ ranine for whifh each 
Cif thepe iTVethcHiH in appUrable. 

CoD^tant-head FerfuetbLhry Test. A pmpurly prcpsknuj uiufonn of eilhiT 

fohnrive nr ruhi-niimlm^ mil of cm?»»-^-tiooal nrL^a A and lengtti L ta subjected to a 
llww ef water under a rtwuitiUit head h. Frujik Fhirey^n taw the coeflident of twirniea^ 
Iwlky call ht expnsasod m ternu of L^tcoR quantitjee na fnlhkwe: 

Mr 

'Hie test i& iierfortoud by mejiKiirinj? iW fnuknlily of wnb^r g tlnwinu through llie oamplu, 
the length L, the htwd hf and the Umu C 

FtllinE-head Permeehiltty Te^th rhii( lost ia condiU'U*d in tttc saint’ tnniiEirr os tliut 
just ilererilied eiccpt ihal ihe head under which flow takioi phkee b not inainlained 
wiirtMt liul is permitteil to fall in o st^uidpipc dinwtty i.^inticeted to the mtnplFr. The 
quantity of water flowmi; Ihrough tlie sample is dctt miiued cither by ustiig a calibrated 
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piltpti** m n Finndpi|K* tfr hy e^input^tion fnim Ui** jiriwi tif the mnd the drop 

in hmi:l. 

DetermuiRtiCia ^ Optimiim Moisture Conteeti Thf optiinuni iiiaifiturr ranli^iU 
rJofiiied thjit wfit^r rnnlent (uxpiiwfteil in perrent, dT>” Wf^a^ht) nt whirh n 

nitt is-jiiiprkrtt^! l« Uf^ miwiniMiia drrmit v Isy nf a FlarwLnirti iiif«thml wT 

tinp. tn nrtler 1* siftf-naiira* tli*' optimmii ni^ju^ure ocnil^'nt in iIm^ Intiomtory , a Mimplp 

in ronifHtct 4 HJ h\' A it^tArwlnnl proi^i^itK^ iiit« n cvdiinW of known vol^iimv The weipchi 
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iMT lUlit vitlunai^ w dfdi^rtnitwil by wfighini^ tbt cylimler, and Ilm walt-r content ifl de- 
U-niiined froiti n n^pn^nilatiw £.Hmp]^ of ibe compnctwl amii *niij?i prw.^'dure ir tv- 
p^lccl «rveral uflinR the same iwmple but with tbr mnistun* c&Hali^iit of the roil 

i-hiinKyd each lime by the inldiliaii of waiei’^ In thisa manner the felnliOitishJp iHrl^'ei'n 
den^tity (Ki-ijjht p<T unit vnlurtie) and water cocileut w f'wlnibiieiht.'d. 

Typienl water eonlept^lensity are siiown in Fii?, ID. The w'aler eontent toe- 

respoikJinpt lo the rmweimmn point of the turve i» the dwred optimuirL Jt haa bnm 
found ihnt the optimum mmsture eoBitent for jJiLfeide nmU uainis the pLiminnLiKi'd Uliotu- 
tory prtteiHluiT ia in psentral sli^itly Mow the plasdo limil- 

Hayirtf; oblnineil n wjiler eontenl-tlenflity curve for b ffivcti auinple from a particular 
borrow Area* U !a n rplntlvely i^iiiipie matter to control the tnoL^turr iMjntent dunnft ihi^ 
erKmptfkitii'iTfc of the earth irtrortut?' in whirh ihe nmterki ifl tu W imnl Thin rnri W 
doiM- i?y dt^termininj^ rither thr ^ aler cuntent or the density of reprefleritalivtf sampler 
whit’h Are obtainfjd ilurinK llni? compoetion priwess. fty tdlber of these re- 
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nilld ffilh th€ wAif^r cqtiUmt-d^iiMty crurw^ it u imaiblt if> lictermiiic loitnctljAtfly 
wIicLhrr tlic wi! b dt>' ramfitAdtDd mottl 

Uaccxafiaed-campTM^on Test, Tht uneoiifinixl-4?uitipnMfl3oti t^t b a mpdfUloticlini^ 
l£iit (5 min Icmdinfi tieriiKl)i aimiJAr to & eompresaj<m test perfartned m cylbi- 

derSf made hy hji axiiil lucid tu carefully prepared cylinilficaJ ot prriatniLtir »uil 

flfljnplet^ ami mraHtiriuK the defortnaliun E?orrra|M>UEllbjt to tlie atreaH aa tlic knd u iti~ 
creased. Wltcn tbti #trc»a reaches ihc idliaistc atrent^h, Oie ftmtiple may fall eitliur by n 
IcmduQl huliiini; or by a auddeti rupture. The ultimate atreiiKtJi of a aoiuplc which fails 
by continuaufl WlpEin}| ta arldtntiiLy taken os tho rtrcMs carrcfrpcniduiK to 2D pcrrcul 
K~lFuin, 

ultimate Blmii^h of a UMt spceimcii^ eMefully pmpaniHJ from an luidinturbed 
Kaoiple (at unalienrd water irontent)^ m a relative nu^urc of the uidmale U^aririjt cs- 
piicity and diiTLtia^ rraistnnce uT a soil. A eomparisuii the atirm-atnun chamctcristica 
nf a aoEI tested in l\w undiaturbetl Plate, and dbaa in the remolded j^atc at unchaaf^ 
water roiiLeiit, is indicative of the structural danm^ caused by oHiiuldin^. 

Consolidation Test The ronpolidation test is perforoiecl for tlie purpose of deter- 
mitkin^ the tr>tnl volume decresse bp well bp the time rate of vulume dccteaae which a 
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LABOkATORT TEfiTJN:^ OF SOILS 

latf^rnlly wnimml soil (tamph^ wi]l uimJitko vhvu pybipctc^cS m an a^ial load. Dunnjfi 
tin? twi, a w-rwfl of axial loadrt in applied to a noil ftamplo wbirii y Fniifir>rd UU mlly 
by meaEui of a rkwi'-filting cylSotlrical ririK {Fig- ll). fyiiniirt™l j^tonw 

piftrtd Ob tlw- MJji and liottoni nf I be to proviclt dmioflflin j^urfjicM, Tlku water 

wliirh m obt aa roinKilidaficiii mkw plitrn i*eafiw at <1™ Hurfnoefi. Tin- 

Loiul in npplic-^i thmugb a Tcmdiisg firfwwlMkr and pillion l« ibt" lop poroii-^ dwk. The to wit 
paraua iliiik n-^ts dinrtly oii the boltcrtii of a fc^-* wdiieli ii* sup|>nrlni mi a r^d fniinc*. 
The Vbluiue cbiiikiti^ of tii' wampw ia mrswimNl by nn enlunaonu-ter mounlpd In n olamp 
whirh ip pi|p|«jrteii liy twci pahtllol rmls^ to thi^ baaM\ Jia itlbalnitcd in I'lg. Ur 

For eoi-li kiicnLinent of Joiid tlie progn'sn of volume rhungi^ ecunefpondiiiif to rtpj>ro- 
pHivto lioii? intffV'alp ia rfTnrdiaJ. Tbp data thiiH ohtJiini*d ate plotlail in ihi' form n 



dinJ n-ading vs. lihiii curve na ahnwo in Figr 1^, By plolting thn dljLk rvadiiig to an ariib- 
nuolie pcala and ibe eorrvapKkndiiig plnpw<l time Id a logarithiwir iH'ale, llie sliape of the 
rcPultibjE eurvn rab tt^adilv lx? eompaired with th.-e theoreliml -riiTii-e rtl?taiTieil from the 
malhetaatiriJ lhc?Dr> of ixjnaobdntibn. The thctirelieaf-conMjUdatiaii eurvT U i«how b 
in tlfi. I a if auoh a eampikripon w nui<ie it will usually be found itmt u close agns-mrjit 
exiitii Up to CO oj- 70 percent conanlidation. Beyond this, the fraptnea! cuht beeaiTW*is 
a^i'mptotin to a ptmlght line which ip Inclined la the line defining ihe 100 iH'rct^rit rnn- 
aokidation courdinale of the theondieal curvif- Tlii* deiintinn from the thmretifli.1 i'urve 
ia called the "Winndary' time efTmzL"* Ttie additiabal vohimr adjuatnicnt aecomthanying 
the isecendary time effect U ajwtibrd to a n*adjiiHtnn?nt nf tlie fjdclionni force's in Ibe 
masB. Thip volume iidjuatnieiit ip gi'iienJly Piiuill in comparipan with ihi' vnlyini' 
change due to the PQuecidiniE out of wnter a* a refult of the primal^' tiiiw' effect, and ifa 
Influeni^e tK'coinei cviiicnl only nfler the mnior portion of the volume ehiingc taken 
plnee. 

For cainppi'ntivp atudlee of the empideal earvea with ibe theoreticaJ curve, UiO per- 
retit eDiiKalirlatiab ia arbitrarily definRd an I he inierMTllan of the tariKrnt to dw^ eurve 
al the posnl of inflection with the tjmi 5 ebl to the fltniiKkit-line jxirdon repn^ntisig lltc 
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KOtt. MfcCElASlCS AxSD FOi'1>A1 EOSS 



MM-uniijir>' Imw tfFtiH. Tlir ronntnirHoD for Iho ili^t^^mkiiiiiljoth frf ihh cn^ 

firrliimte m hIlowji in 12. 

Ill poHuroim^ n t^on^Holidcitbii ttjfl, m inc’rement of lond is u^qj^lly niMntaitKHl un 
Hkh tiampio qnlU tlip f>trriiKhl litit- ro|in»MMitin^ thi* pfTwt b* A ooii 

ineromonf of IhnuJ is ihoii applied ntid u romti^ponEliiii; now ubwr^npd-timi^ turvr citv 
lained. From tUi^ oiMi'rvpddiiiic> ihi^H ohli^jnfHJ for ejirh Icsiid, nn nrbilrar^^- ttnio 

w ew3f*f’t4*d Fini'li that tho liioi n*infiTi(CJi fiir of thr rorrrapoEidiiijj; To thU titnt' 

am lirynnil ihc pfimar^' tinii? olTnot, Tliifl dial urnJ iin'itimrr for 

Pflch eal;kBCTvod4imo ttirvo oooiprii^ ih^ tljita ftoiu isrhk-h a prtwtiro-void nitb tur\^ ia 
pfoparwi. Huoh A mrvs is in Fip;, 14 . 
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A tiitit c-urvi* fTQtn * laluMiiLir^' t-aii Iw Hiiivi^rtrsl lo a tinw rurvp ffit a *ciil lny^-r 
nl jijiy ihbkntw Pirw tV IIum? for r^oaiwiJidffctiiM] in |>rofKkrti(Hiiil to tho pqutire- 

of thr thifkiii-w of a poil irlralttiit. A Ltd, Niiiri- ihc- timp nuc of t^PiiPoli^iAlkin ik a fuiit- 
tion of {hr\ pcrmf^hbiUly of n mil, itw dnla rthlnlt>«l from thr iiior rurvr unil ibp pnnwun^ 
void ratio mrvt^ ctui b*- ujH?d to ijptpmunv Hir ^'ffifii'nl of poniK^ldSity indinN^lly. 

From thp pnw^iui^VifKiil mtio cyrvr m* -iho'rt‘m m Fijc. llio pumptiTwibility jw= wrH 
iy4 ih<* pmwurp lo wlikl] llio liM in its pre^iuoa p olojci'ifii hitPloiy 

r5*ri bc! delprminiHL Ttiifi mfoniuilir^i (wfttLiid lo spetlterrw'nt slodlwi. 

T riaTia l^omprgasiQQ Test. The trini:\lHl:-fdintsrt*ft*kpci tf^^l in pprfnrtnf^l for llw fnir- 
IHkwf of di-termining ihr ntrvaisKleforiniition and sStvORlh ehameterirtirtt of hjiU whirh 
an* aiibjerted lo shearing Kimw’i* jamdurni by vewyinp the |miiei|»it fltnwnefi aelioK cm n 



eyUnddeaJ or prlsiiiatit! ndl npit-iim ri. In tlio iwuul typc^ of trsaxial-compn^on af> 
two «>r the prinripal ao^ p^luefil hy ihc liquid prcwure nurtuutKliriic 

the Mpeeioiuii^ tind they fuv tbm^fere e«|ual. If a fosl in of ahort phiration, it Lan Ije**!! 
fooiui Mitiiirnel ci'ry to water iti* a prPK3Hre uur^ium. Howes'^er. if a lost is eaerwd tin 
for a periud of dftvji^ the line of pnesnurf? tooiJium 19 repammentli'd. 

A ean-fullv prepanHJ totst i-uelowd in an nirlijijit nM^r immUnine b 

up liwiie a I omprwyqqn chainlaT whieb mitfietft nf a Lurilr ryUnder eiietutn^ 

.1 hnid Olid o liUJPe, aa nhnWti I El Fij? lo, Tipe Imltoni of the Oh a |Jorfni.H 

dkk iolo n w hirh U on ioEt^itfnl pitrt tif ihe Tin- vi^rtifal l»pnii b* tmiiH- 
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mitU-J by A pUlon njd psyu^bf; fttYly llLtmigli ibt liOAd And nwriing oa a rAp emitAiniiiK 
ELnotbi^r p6ro4M ditfk whipl-i rc*.tj cHiwtlv on ihei top of the Eianiple. Tlw hydrcwtAtb 
load id Apptii>d by the E^hnnilH^r witti n liquEd under a oondtant prewure. Th^ 

vcnieal lioformAtion U mfti^urvd by meaiu of an extetaomeler mouiited on lb* bead of 
ihe *omprt^on dhnniber and in rontaet with a eroflahar ihrough which loAd u applied 
to Ui* piston. 

In order that the volume clwnise tm bo ntegjiuToil, ijte tfwi Apeoicoen is eomplelely 
RfttiiTmled with water at the bcipiitiiiki^ of I he tcart, Thja is aeeoiiipMifd by providing 
a piiAKii|;;r from a A outMiile i^iuitiateJ elBiidpip* ihroiy^li the fiAA* and pr^fouA disk to 
the dpeeLhu-'n. A Biniilar po^iuge is also provided from thti top nf the Fperinx^n tbrniigh 
the porous disk aini rapp this proviuon nubde for the purp««e of flatnraling a nperi- 
inen at the i^tart td a leid. Vc4iinie ebuiige during ihe jirogt™ of the to^t h meAeured 
by oL^erving ihi^ ttuetnations in waiiT 3<^vi l in the JFtAndpi[H!>. 

Direct-shear Test. Thi^ E»bji'el nf lia- <HEi*el-shfnr itwl is to apply known normal and 
T^heariog fontt* on h plaiA- surfaEX! wiihtn A ^mph^n with Hifiiuhafiooua fneAS^reirijent of 
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P/jA[?n iv/d? gra/i/fg 




'ngSCmvs 


til, .^nJlTAtUx fnqr ’thlTAr tiHt. 


the dcfor^iAliou. Tlw- tstirr«>«^ is to (Jytain tku^ hI resAHlefomihtioA mnd strength eharae^ 
terislics of tb» material. It lut-, thtf^rffon^^ the ^niiie purpoN^ as the tHosiol-foniprEwiion 
tepi, fn SEvnernl, ihe reLalioiuhip tatwreu nnrnud stn^ss anti nhi^ariAg stn^iMtth is the 
UMiBl importanl n-siilt ft^ilaioi'd friin* a Htriw of ilirect-shear u^n. This relntionship 
is deternilEiod by px^ifurminfE a eerius of tesu in which a sperinMm is aubjeeti^ tii ilifTer^.^nt 
iolciaiitkw of normal preoMtoT Fiipuri- 111 showi a type of shw box that is conimonly 
usf^ for direetHiheaT lerts. HowevfTp for purely cok^Aive malerialA^ iht« Hhearing ns- 
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Hifvliincr y iodf'iieofient of norfunl pru^Murv. In aolt pk^tir nmtii^riid^r whrrp ihvi nAtuml 
content w wcifc within the pbjfltic nutfCc. The cfTect nf umht nnnimi pn*?- 

pyrer in «n wnll within the tnli^nuii^ inbnMMit in thr Appre^nrh ihAt thi^ of nonruU 

p]T4vure is (Hit deemed ntTenK^uy. In materijik whea' the iwityral mninture rnnteni in 
Hew tfp or tMdow the phuftir limit ninl cHpcieinlly in mAterifilfl ImviTi^ a mjIhHtAnliAl 
Krtlinjlnr ecnitent^ ihk is no lon^r tme, 

Tnn^er^e-ring-Bhcar Test. Thn AlfiLaitiiiK n^iiiLtann- from the uncoii£imn.l 
niDo teAt tnny be tormed n mpid shi'aj- k*st IjccAiise thi' h>nt| is npp^u'd ml m continuotiii 
nte until fmLLna^ k produevKi mmi in m mtjeh shorter periiwl of time tham ip the lmfirven*f!- 
riPK-shetu’ Utit. Over m lari^ number oI tests, it has beep (wxhd timt Hhiftr vaJnem 


MSM-fC 



HSM'1 


HfSM-li 


Ht4M.2 

US^I-4 


JiSM41 





T™ttiiV*rw-Hfk*-4li«i/ ikjit ‘Uiiliiiikf* irf Fm^nt fecfi. 

1 hfM ued]y in ty tS>& tSiumti irm 


_ Tli* Idt- ind f4arilt-iiAniii rykliMSct* mtB 3 fas. 

Jonji hri-Id^AMfiy in [KidtiPH by tS>& taiumti irmin. Thw bkcrfli#i34*l# fylradef ^ t w- l™ 

IMVPfriW U> IWyiT EWTptndjietjiMijf to ihii JntuUlPtlirKlI *■■**■«? la* iwowstiuly. 

DmI Kttiiffg ifci«3 U* mmp«TT tlm ihwini tklflrmMibrii pt U» ioif fa^ Lncfittfint ni 

■IHiliid IemiL ^ l ^. I i 

|jhi4p 3^ bqricel. for tint'dini Ihfl upfitiffd Wi4ihw oF iifcnl, 

Dineitcl Ikelil^r fw iitUEtun* ibw nwMftlilr tabls ww, 

JfaC uawd lii LmJi*/rffiJll UPkLiln In tmit cyfatliS»T* Crnra tlw MP(ij(njlK Mlw^ 

klpa^d jsLSJDctrfJ lu^ lii tl»niilwfin( innkjilm in Crtt fjittftilcT* fnsiP lb* fclliprfiWil lubs. 

Tmw LuwJ. slier wntiplnllnn pF tti« iimpiyww-rinr^i«rsi‘ i^i, ta niirtkdinit ibn 
Mm Ifisbi wililLfi i 3-in. Iwt eipJindor pni'i^PAtmT to nopdutlstii nn une(ni.fini« canspriiKiqn Inal 

faun Ptiifili Oin S-fai-. JWii. «Ml-H?re-ltOcd Ini *vliniliw» or mniiJ 

liOEn nic on * J-ih in the ftrJd Ami wrtKln whwah *oil-OW^E||lnd tml cylhbilDn 4ir 

mnlnJ tinnp* pje nfaippedi to itaiii riwlVed hjjf ib^ IntXHnU^r 
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SOIL SIECHASH^ ANt> l^Ot’V RATION ft 


from unA'onfiiiPd comprr-JHitin tcvt* Bfo Approxinintcly four timi-# tbivo «!> 
imnei} from tmrM^na'-riEig-^ilkPftT in ttir raate of pWlio i:liiys of the truly co- 
h4'4'iv<‘ or in thr rjm- of sili^inili^tl Huy* It hm iavti found thikt, for z^liEI 
imd lor whidi hnvt‘ ptninulnr rfmraetcriftUns tb' mtiti of the vmIuo^ 

olUftim-d from tin'll' two U'^t* is quili^ ohiMie puul, in Kji'tienil, hljchur thuii lu llip en*? of 
pifttnir diiyp. Tn prt'isientinf^ tho from thw two ivata^ it hsu* hoim the pm^liro 

to phi from the uiiconfinnd-romprf^iwioii U^i^t ton four tinu^ timn b 

iwnl for ihE" lniiiitwrHf'-riisK-»'ht‘ur feet which, in mewt aw****, brinip^ iho div^’iicytil result# 
into eUwr foeiy, Figiiri'H IT mmi 18 show n type of wh.^ b«^ thqt h cotmnonly uied for 
I be lmnj?ver8e-rir^ic-^?b.'ar teat, 

DESIGN LOADS Ofi FOUITOATIONS 

The proper loarl for whirh a foundation flhoiild bo [a a much debati'd moltc^ri 

fuiii tt hanFaniHa^ ryh^ thjd \n of p^thtuI applicaifon nmnnt wiiU BiJopti>d, Akhoiiith 
i'B.rh pjtn tii the j^iipemtniclun^ i^hould di^fiiEEii'd [of the nuucimuni kwul BhiiE will ronu^ 
Upon timt iTW'inb'r, n rEsnditian wliich uHnnSly involvi*-! full InndH otb ntiincent panidti 
nr paiij^, il b cKtrcmrly Improhahh that full hud will ever he imposed fkver cntin.'^ 
FtrurtuTC nl nuc time, Hiih ly pnrtiLTiLlarly true in the ouEtr of a hip^h ofhrc tjijiklinj; hi 
whieik I'ach llmr nnjRt 1 h« iIe^tHi^iiikI for full iond jtlthoiijEh it i.t not. probrAfih ihut all Eluor^ 
will E»^ fully lividcfl at one tijivC'- However^ in I he nine of wnn'houifli.^, fuH-iourl condilioii 
tnif^hE occur. Hence jlidfonent tntl«l bo tuied tU c^limatinj^ what part of full lopjl miiy 
eXHt at rnii^ lime or w lmt part uf full luail fur ihe onlln.* ntrijirturo ishoiild b* uM>d in the 
di'nijCti of t}ie roUlliialkhn. 

For Itriii^' fcrtuidatiniw, the eouihimitiou of live krad, Irociion, iurth pn'=irtiin\ ii-** 
prcfMun', wind phrffl*ur<\ anrl water |jrf?tfurc that will pve ma::^imuni i=nit prcuffuri'H 
j^houhl b- cf^nndemi, pmviiii'Ei tbit it h phyMcally puA^ihle «r pmlmhli* that they csui 
all cH-eijp Jfimultaneouflly, 

111 hiKh huildiFipi win’O' NUi3eiTn-nt i* exi^ectwh the prultlefn m to aiijiuii ihi? b^arin^ 
on lb' rail Rj that thi^ RUtlenuHit nuiV b^ unlfcuni in urdrr lhal thrrn may not Iw uuilut^ 
(‘tmitie: ill the PU|M»raifuclun^ aiid cfacka in the tniiwnry. rk^tlli-humt h caUR*tl ehiefiy 
hy the dear! load, iiinw it (tic lund hurt uppljiHi null Ukkually coiwtrlutca I he nuijor 
prprtion of the tnjtftl hi^el. Furthrmiuri’, it Lh rouHtnEitly applird while the live load 
Ifi nmn- nr lt?*?^ imnnit'nl nr intermit (cnf. Henrt^^ in aHsjgniEip^ pnkpiitliocioJ \mi\, tb^ 
ileail haul shiHjId havi' a icriater influence than the ii^i' hiul. 

Tht' practice amonR i'^^iiiiN^Fv is to dc^E^n the FuUniktkin for the ih-wd luttd pllEfl a 
ec^ttain ptfU^oriion nf the liw load, freuuenEly tftkeEi aHiilrarily eu* Stl ponrent. However, 
it h the b’th'j- Israel iiv fodclermim^ lb* pm|a>rlion of live IcmiJ lo b.* mvhhI in tb* thwiffn 
of thi^ fnuEidatEoii^ oei tb*^ bnew uf the niEio of rhe pniilmWe aetiiaJ live kind. A nv^thod 
(4{^mi*llmi*a uwHii nwiy b' repn-RmU^I liv Ehe formuln A « D/t^r, in whirh A ia th^ area 
rMiuiod, fJ Ehe diwJ Inwk W lb- allownbli^ rail pn-flMure, and r tlu^ raEin b'I ween I hr 
dr-mi kaid and ihe lutal bail cfiminjE ufl the fuiindatmEl al thi- foolLliit when^ the niElo 
nf Eb- live to I he iluari hiai.l L'. Thb hjotinR is rjIi'^U-h.I m the baaks fur ■Je 4 U|in 

berauR- it h an index of the pnklialtllity of ihi^ uecurnuiH' of fnll |r<ad. It wrill b^ otirt^r^iHl 
lhal the di>i4iim of any piw+iruLar firtiting will ihr-n depi^mJ pnuiarily on Eb* dead tnarl. 

A ilimilaf rule Eia^ b‘en uniHi which la baHNil on the di!ad load plus hidf thi‘ live load. 

o + n.hL 

hr 

L b-ina Hw live hmx^ and r tb-^ mito uy + + L\ In which D' and f/ ari- 

tb^ di^i and live loatl n-Ppi’clivi ly on I he fuotitijp wb*ft: the ratio of live lo di-aii load 
ia ipt-aEivl . 



gf'READ FOfNJtATrtJNS ANU MATH 




JITP 4 I nf frwktiii}^ nuiy W Uy pmiKirliohn^il by llin rnrinub A 


1-R' 


whi n* f. IN A nn'dirii'ftt whirh varies wiih ihti rbarm^’tvr ef ihu Wvv load* ahttui 4 
for pooplp, 2 for nik^tchAHLlL>4% I for tdirlricftl Anri oitiE'rqyirt nmoliiiK^, ftod H *o J!4 Utr 
maohineti with hi'avj^ rotniLtig jiartH. Thf^> fommbk iw au altfinpt to Uikf- into ftofTnunt 
thfr elTw't of unhniAnood dyttnmie iurrvi^ whic’h protluro vihmllorui. i^\dvh unlialnniwl 
foriv? Hire iNirtii^ylarly nnporlotit in tlkr eiwp of biiilt oh Ioo^ fAwi Itotlp 

the vibfiitloiiit Imvp The oITpoI nt cOHiiiiadttiig the Kantl, tlion'by eiiu-i&j; of 

jttiurtiirv; they art also import not In i*nj!» uf l^true^ult*^^ huill ovet tiiiek bi^l^ of ftitumtod, 
maft clay; Mtdf in nU 4«Uoh fAfiPN. the linhalttOrt^il foiTO whoyhj hi' frui^tcd by sldiNlUUti' 
anil deMKHi'il iHriikiM-rx or inorlifll 

The loadn UjH-d for ik*«inninK rokitidnt ioii^ HW I how UhhJ for deiiii^liiJll! the eotumotf 
ii'jitiiiiE thfAHHi. They fire onhnnrily iHLirh lew than thi' siupi of tdl \ 0 tv \3 nt the 
irueviiTioiii- mwjnMHJ intonriiy over the !frt^p^J^lt^Llflll^i^ Thi' sji'iiteiii of liVf-h^d redoe-- 
i ioiiN mmi mmioufily in huildioe c^kIi^ nniulre^ tlwii the foutidiiiioiifi miia^t be Je- 
•cigiied f«r bill load on the ntof, 85 ptvrctmt un tlie top 80 on tb’ nest, aiid (So 
dwreiiiqnB 5 pewot for r-fieh nucreedin^ flotw ttnlil 50 percent b ntaehi'd, which L» the 
minimujn Hllcwancc for any floor. 


SPREAD FOUNDATIONS AND MATS 

Types of Spread FouncbtlOits^ These indydr all ihow t%T5w which defined to 
spread itw building loads over a sufficient area sat jwiI to wruro adequate bearing ca¬ 
pacity* They tnfiv tie divided into var- 
ioujf kinds, as iliiwtriitod in Fig- l&, which 
represents a plan view of a building fotiiid^ 
fitioru 

1, An iTwIopendetit fooling i* one which 
support? ft single roSmim or other coii'^ 
cent rated load, as shown in Fig. 19® 

fiUd c, 

2. A contindEiU? fikOtingi as shown in 
Fig. may i‘.itt^iMJ nSiuig the enlire 
k-ngtb of a wall i>r Fingle r^iw of ookijnnji. 

S. A PEsmbimHl rooEltig:, as shown in l-’ig. 

Itkf and c, is om* winch ^u|UJt>rtJi two lui- 
joining column lomls or #ometimes thiw 
etklujiin toftils not in a riiw^ shown In 
Fig. IflA 

4. A raft or tiiat foundation i» one 
whieh e.Mi'inb under the entin' huilEling 
an fi and ruppnrtfi all tin- wall anci c*dunin y^a. lli. Type# nf inotaifd uprcnd foondmions. 
loadn from the buildiug- 

Independent Footings. Column footings of thi^ mnsl rommEm lypi' luc imlepi'ndimt 
footings. For lighi lnad«, they may of plain rtmmut*, but inji'pi-iidunt rncUings 
niv reinforriii rE?nrrete fmiiings witli two-wny ndnforchig- finmll-diatneler rluwly 
spiict*<l barsi, with hookini should be Ui^i'd tEj provide gn-aEer liorsi stnuigtli. GriSJ- 

hgi« footings may Hr coiupftuctt'd of tiers of slwl N’lwns. f ei the slwl grillage footitig, the 
lieiLtns are held in pewdtion by siiaeiTH' plinth U^tw^m tlu-m. A layer of rNiUJcn-b^ fS to 8 
ill. in Ihirkiii^ u* placid under the Ukwer Hmim*, mwl thi- entire footing is hlled solidly 
with conm'te and eiieni«ed in eonerete with 11 mininiutn mver of 3 Ui •] in. grillage 

footingx liEivie been largely replaeefi by niiifm-k'ed cench-le fiHitings. 


/f/w 
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BOIL MECHANRS ANU FOUNDATIONS 


Cotttlaiiiima Fi>atidf£. Coiitmuoufi fodtiiifp^ iivia>' lie j!im^1e roiintrurtecl nf 

plnin if Ibe kwnii are allbmijth il ie dedmblE to provide a amali 

luiiomtt uF ^Qngituillnal reinfar^menl la eimpk^ eatiluiiioUif eonelrU^ fousiTii^ in onlvr 
ta didtrihiitc flhrinkaj5e ar^d temperniliire croelui and to hridicr ov(t wjft epou in the soii. 
The m»l roinninn typti 13! eonlinuaiu footlrifc k tin? reinfari'i^j caiierele foatitiji. Tlip 
truiin leinrorceinent in Fueh a focitin^ k pej-peiidieulnj lo tJ»e length of tlip fontinp^ and 
ma? the tkQttci^ <if the pJah. It if lieltet to use nnmH eiwely fpmeed barn mlljcr Okao 
[siT^ hflje sprveod fartbfT ajiUirtp and it in imiuilJy to hook the crnli of the ticiii 

U> jtaniiti iTvrl anehnmtpe and thi- n^by develop iiqnd at rength. E^niigituiliikn] ieinfrirn'menl 
is provided for I he iame reanens u m iudcpondeti t footirnfj^. 

Comhiacd Footifiga. Pootingif of iMs typis an? mr^t frequinlly umhI to eupport wall 
culuhuiif irtueh OTP ctcMV to the pruip«irr>- Uch'. If nueh h eolumi] were centert^d on an iiidi'- 
pendeht ffioLing, os shown in Pig. \W, ilie FafitinK prtjin t ov<t the pmiJf rty line. 

If ihp column were placed near the edp^v of jKirh a footing, llw fnaodikiion prmiiirf»i would 
not bfi evi^nly diniriljuted under the fouling, whieli would tend lu till. Th|« eoudJtiuu 
ran be DVi^rcaine bj' comhining the wall rolomii beating and the thioji^I interior footing 
into a single taqlingp as ahown in Fig. JW, c, and/. In <Krder to avc^d any tendency to 
rotate, eonihinod footini^ are fo pro|)ortloj:ted tliat the ts:-niroi[[ of the an^a which bertra 
on the floil Lson the Unr? of action of llw revinltaiit of the column loaf In. This usually 
remit# in a tmpetnjdal fibating. such ns Fig. Ifhc, The heiLiti ^sinneeLing the two rootiog&i 
ia Pig. FA/ is tifUrn 0111114 n “strap Hie fooriiags for nrvrrai wall eolumns and 

wverBil adjacent interior mlunirifl may be combined into a suigli! footing, iNUlicubrly 
at tlw eorncffl of bnildEngs- f'omhirwMl footinjp nm usually cottslrueied of reitiforted 
1‘onrrete^ Imt siti'l gntlagc! fontingt^ hiivr tavii e.-ctciudvcly im-d in the piurt. 

Raft qr Mat Foundations. Tht'rM- usually ninsinT of n-inforerd ronerrle slabs severa] 
fw'l in thioknwB covering the i ntirr-: (ounrJatiuu area, an shown in Fig. 2t3. Thew slai.*# 



ot mat# PUT-miiforri'd wilh la^'era of mnforcing bars ruuning at right angle# to «?iieh 
other a ivw inclw# below I \v? lop surface of [|jis Hint anrfj other Inyem a few incht*tt above 
the bottom. Another fortn of raft or mat ennsistft of inverted T bt^ams of reinfonrE^ 
eoncreb', iw\ slniwrTi: itk big. 21, with ihe nlnb co'verihg the entire fiiuiniatiopii area. The 
Iwama run in both difotMions ami iniiTN^rt unrler iho coluTrifiH. Tliese lieanui acre pourt^il 
at thc! Kame time na Ha* slab, rnrming a luonohihir ntmeture which will act itn a uoit, 
l^fotc the basement lluor is placinJ, ttie spgnrq bt^tween llwse Iwams may be filled with 
cinders or nlher materials as showm in the FigunL Ibifl or mai fniinrlaiion# nre lined 
whm Ihe bearing {Kiuer of the soil is mj low thni inde^iendeikt, cuntinnous, or combined 
fqotiagM i^iiiiDi lie eumhI and wln^re piles cannot, be used advarilagCKiiisly nr are not net'ei- 
aar>. FouiidaliotiP qF this lypi- apr' conununly mllcd fomdQhims. 

During reei^nt yraia there lijis been a lemleticy to use the term ^'Ikniiing foundatiqna'* 
In a more tt#trieled Aenw to apply to louiidationn whera the earlli la ejKenvntcd to a 
depth that will oiake the wtijgh t of the earth removod about equal to the building lusd. 
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Ill Mi[-h a ci% 3 o, Ihr totHi wrrtirji] Oil tlk- !*oil umJ^'r thi- l>ijilifiij^ txiiii- 

filelio[i ^ to lar lew ibui wlml it wus lieforr thr i^xi^vAtion wiis mid iUp 

in fpcliicfiij tci n. luiniiniuiL A El Hf'^ltle'iibt-nt l■m llli>t iu' f-liminialt-d tiltin'! 

b ti Iruilnfiipy for tbp poHion of llip tiui]ijiii|[ lo wttlp morf thaii tJip outup 

liOKidii. 

til unior to ix'datT tbu iliflDir'iitial or uiip^th ^Itlpmont to a manimumf fotirvdiiljo^ 
iiitiffl m coiwtniriid lluil tlipy me rigid, 'nifn* me two wnya of hoco^plinhitiK 
thin, f)un b lo nmkv iuh? of rijfid rcioforcttl oo^^?rele ouljqdc and erw* wills in tI ip Ihaih*- 
nipnt al fhp tKiildioiE in nnjpf to form n iKodikp ^tniHun'. TIse otlior in Pi cliwign tbo 
iuuwmenl ikigr mid tJiu Gjvl or HTtiEid lloor^ tkB rigid fmmrs. An i^own in Fig. 22. FraniHi 



p|o« 22. kbid^^riuiip wiUit mirturf. 


of this typ& withoiit dUgoiinb urp i^dW tWfnir/erJ Truii^. Btentne iho diagoiiAl 
aiipnibrni Are onutteiL Hip nwmtiera md tlipir mlen«ettoiw minit fJL7ii}^‘d in n*iT>' 
bonding atrweSr Tliepp rigid tnuwerf nmy bo rarriod tlirough iwo or mom Jioripn if 
iii'rtTwar>- to m^nrp the ri’quirod rigtilily. tloiiafomnl oonrreto immes ndtli dingnimb 
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Ljivc licen U6>eil iif iJw^ irtu:^. KrUiFoir^ rorurrt'U' iiu<-ri«jr ^wlS* 

reftrii-l ihi^ uae of EicL^nii-Eil npinyt. upt'ihinti^ iu wjdlf reiiycc the ripdil>' of the 
wjiKh ttfid iulroJuL'e [^ruLlniu^ in dL?i}Cii. UL'iidEirrfHj i‘gjriim'te with illnituTLnlH 

bIm itwtriet the Mte of sfuicc, wdieEt>fiA ViftefidBid dfi not hjivr tlik ulijerljotialili'’ 

feEfcturt!. 

Geirii3£ Power of Spread Foiuidatjoiia. Fiwt'fit mi'thod> for detettnminx the LtrannK 
i-EipaLily ol Mtlpi iiri' not t iitirelv »ati-^ueLll^^ The mmi eommthtt pToetjdui^! mnm^tJi of 
(^dei:lLii|t va]av^ fn^oi uf jlIIow bLiIu or jjriwHniptive Iteurm^ rei^kueit^ j^iven in Mm 
local bujliljni; c-odeis. J^uch tabliic jiti' ronruiionly t'opicd from ntlii^r raic^ nod thm may 
Ui little iu)>tif[eatiori for the vahiiv pciveu. In thcJic tabh% nre nrujilly dlvidcii 
into clapm^ by indcliiiite temiF^ ami a Lt^rirki; value in tfiven for Foeh ebu^, Aettiulty, the 
iM'EiriiiK prt*?wujrc wbicb whoidd be wh^lod ujfon tlir aimjnnl of ^*t'ttl4-mE nt whirh 

Is pemiiMible. The pressun^ under llu' fonEnialions of buildiEip^ ftre nireh' Luritf enou}^ 
lo EippTOEieh the aetmiL strcnitth of the soil ej^irept in the mac of i^Kiillow' foundjiliotuf oti 
•Ejft clay. 

For foundtttioiiN t-upp^irteci on culie«ive< j>oiK ihe ttlrnii nln of for a jtiveii 

UEiil prftisiLre increase wilh the linear dinKiiLHioEu? of the footinipc. The eunmkun mtfiimp- 
tkm thrtl rhe setlletnents of fofitioio^ i^uppurtiKl on n ipven eojl will be eqiiul if l)w/ mill 
jkn-^ure* Hn^ efptJii Ip im^rru t fur hdErt, There wcnild ihercfon^ \m a 

Bllou-olkle piTWiiun^ for j(i^e of footing on a pviTi cQhefiiVf^ wil if uikifurtnMelth'nteol 
were rwiuimi- However, wjriie uni'qual or clifTerentia] soEth'inetit bvlw-cfn foQtin^i:^^ 
may nn| be periowi, and the amount of diilen^ntlal lieltlemiokt which may ha iH^rnkiltiHl 
for Ihp inadoriH foiaUiiKii, and which will Eiot ovenFitTe^ the j*Erueliiml fruiikiv sbouhl U- 
deM^rmiiiPil. 

Thr aelt'ctLon of allnwabte bi>anTkg valuw by examiairiK oriK- t\m soil at or iK-ar the 
iPLirface oti which the fotindatiao is to rest may Icml Eo edriaii-^ errors. Tiie Hcil IjcIow 
U ke iHitlcim of a fouEiikis, for a di.^ptb of PH'venkI lam's Ihe width of ihc firmliikg, rontributes 
Kkicnkht^aotLy to \U licitkanofil, ami Mm u.nderl>hj}f fmil tnay bi> yi^ry diHerent from that 
noiir iIh? tmrfaee. \jiyitm of [jeai, ^fi ehiy, and other soils of nepclijtiblu ar Jnw bearing 
fwiwer at I'^trEi gciatcr depths may eonlrifiUte emisiElcrahly lo seitbmrnt. Another 
faeloj- which is eomttkOEkly iienU^tca in liN dni; allowahle [:»eArirj|! VEilaw is the usiLikt 
inerrmw Ui U^riii^ cniKicity with int reflAe in ihe depth irf Ihe lKBriii|t suifucc Isrlow^ 
jETOumi surfaw. 

Allowable BeiwinK CapadUea. The following table of allowak>1e or |>n'sumpEive sur- 
face biwnni; iaiptuntk«k, taken froEn the Hloo iMJilion of the '"Boildinj^ r«de of the City of 
Detroit/’ w^HI K'rve as mi example: 


Fouiiilation Mateiml 

1. Hard MHiEkd rcMik,. ..,.. , ^ . 

2. Soft rock.... . . M ^" 

3. HjkrdpoJk overlyinjJt rotk; y^rv emuijocl smuly ^mvid ' ' ■ ‘. 

4. CtaniHct isfiitEly Rnivcl: very ^ttuupnet clay/sand, and rolvc]; very' 
rompart cooirse ur niL4:|iam sand . . 

rj. Firm batkdy am vet: cuntptiet ehiy, HamI, and i^nkveh cotniiHet emkrm* 
or mmlium sand; Very ffkmpact ^amd-rhiy suibi: hanl ekiv. 

b. wiuly jpTivel: firm nmnw* or njoliutu itaml... , , . 

?. nmnm or miaiinm jKnnd; con]|3Qtct finn Hand: n^mmet saiid^iny 

^ilk'r stiff chky---- ... 

«- Fimi Hne sand; WFnipocl moiRanie silt; firm ftAud^rby soiifiVmWii^ 

clay.. . .. .. _ 

fl. LootjC fine «unJ; firm inorganic idJi.... . . * ^ t!!! ^ 

10- sand-ctay Mills; Imise inorgunii:' sib ; ^kfl rliky«. ^ ^ ^ ' i' ' 


Tnn* \mr 
Hit Ft 

100 

12 

10 

n 

5 

4 


3 



" la US' CWM knr i>ridMiiin lill iiiki] pmEi 

Lty PliHMTttihLjC c.T]d4Hirr, 


imaumiKtivc Uoifiiae yhIhh ^\ m {\ lie ^].i»Uiiln.Ejnl 
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ETpianaiivn iff TrrtuM. Tbw liftuiTik UtT jMiiJ Hri- for ^ in, UD 

by 1,S75 in. ID \40-!h Immnwrp 30-in. fre#? fulL 

C*JA(PAC-nUY RliLATKD Hi Sl^KiS HUuWrtt tiKAMI j;.AIl SiJIL 


IX*t«criiil.ivit« 

iiittn 

Blnwf^ 

JU T fl 

Reiiuirk^ 

Hrra. . +. 
Ccimixirt 

Very ronipaPl. - ' 

5-10 

11-30 
3l~50 

j 51 ikr rulin' 

Thw fiKun?-* afu ji|ipn:ixiiTU4le for HMHUiinL 
stiuid: txmrwr riMj^iLin^ mtin.' blowpi: 

fiiii'r hluwrt 


CoSf^l^'TtNTfir RELVrtlb to lilJJWS: CoiStfvlVK 


Soft-. 

3- 5 

MoldinJ wiili n?l4ilivnly r^Jifibt filler prp*- 
mrv 

Medium f i *. - 

tV-lS 

1 Mijklei:i wilh nioderaH- finger 

Stiff, ---- 

10-25 

wit!i irtjbiiliintuil finder 
niiishl In- n-iii(4ivi»tl by eiutiiiiii; 

Eliinl 

20 uf i3W>n^ 

Xof m^ildi'il hy Onger^, or with extreme (iif> 
fittilly: ntitfhl ttN,(uirt' picking for rerjicixul 




J^'iwriinive 

Lonii 

PjKiM jqeve 
iiumU^r 

FU>tiiinL'i] tiirvi* 

llUJIlbi'f 

niiige 

CJLay. 

a^ll- 

FilM^ MEltliJ ■ 
5tiHiiiiTU iaiid. 
Ckmrsc ;«mii 

(jn&vi!l. 

FHbble.. 
C0l>ble a 

tiuUlltiT. , . . a - 

2CW1 

3011 

2S 

5 

Hydnjmelet 
Arui Ly siia 

2500 

05 

2^ 

S 

iimi mm 
O.OOli-0.074 mtii 

0 074 0 317 mm 

0 303 mm 

0,530-2.302 iiiiit 

2 302 111111 
2M^ mill tu 

2h' 

0* 


□him- 


Uuri uujtiri nirk u nifk .nrll M liild lir(K«U.Mf. Ui mndiUuh. «iUi nai.i- ewIj .Umi-U, 

ewfl rwk k mck »ur|l P. "Iiilr *Pi,t ri.rt«tl>' li»cuoiH«J lll(iE»,oiW. WilJt wilt* sUnIhl MU i,«.i mill i 

Pfflvpiifpj liNXIHf. u! urjil aid f« 4 ibt 6 t w of wid, futhjpi, upci 
alir, mli iir wiUtuiil lMllli 4 «n Uid ditE™ll 1 « WfHOV. Iq (iK'kiBt 


Most miMipj-ii iikJw tJikr. fnlo iwnwiit itw funl tliAl tlic IpuiriuK cajjoi-it.v uf Oh tifKli-r. 
lyiiift ntfltdiHi ti. poiiwtimrw tt w Oiihi llmt nS lhi> Hoit or, whit li n itntjij niul 

Hiry iiicimli' tliu th»t ihr unit Fii'‘**ufr due to Hh* fwititiic liMtui (■ompulwl 

on the tojjpurfont uf ihe wi'iLkw utmtmii i^hikll not pALn-wl din tilluwiiljli- t.-ariiijf |in-»ufv 
for the iniiterail in thul fimimii. ITw louJ \n nmuiderwi unihntnly dl^lrtbuteil dvi-r iJk> 
!m*tt intemjpleiJ uij tbu ic^i surfart- i»f tlir wetiknr pimfuni Isy FriniH’H pltijiiini fnim the 
•hIhw of tlM‘ fnuiidatiuil dl an nhulf uf I' ^ m-ipjfniHid that 

diia is wj nrbitmry naMunfitian, but the prtH't^lurp U c<rtu*ali‘n‘,i ^u(^n■^l>nlly ntT uralr far 
it# intended inirrwwe and is »ittiijle in il" aptilnmlioti. 

Jr* iiuHiy bniliiinjt wale*, tiu" allnaMhln ia-ariiijt pn^un* lot#' iiM<d an- Imwal un ttwl# 
whUdt wMiaiat of placinit a Iwn! an I urltPH ft of tmi iitidofwmnK lhnj.iitllcni(iiili« which 
oeeur aa the Iniul i# un'renJNtl} and the apwnlied proerdutw for intnfpfrtitiis aut-li Stanl- 
t™i dnttt are arbilniry nmi not i nfirely mlb*fa.'H»ry. IliwnTcr, tin- prwitil kibuw indjeu 
of Kill la-httvinr, ituniKb i(wdi'<|(tJilr, i# ('onaljinfly iiniinjviim and p'ii«ni!iii|! taMter pniN 
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ciediin^ which nK fpji^ihlc fnr uw in liultiJiti^ 4 ^-laad t^t ^uiild bJw^>^ 

Ilf imTunpuFiif^tj by ^Kiringp which ruvciil ihc tmtyrc of the uTtderi^ inR wsU. 

AlbwAbk' valupi* for Ibe bc>4irini CA|^ty of Tmk, m idv^ fi in IjuildLiig eOflcM, mnjte 
from 10 to IQO toEUR per ft. Ttic lower vnliie in for wi at lemJ, Hhnltefed, and poorly 
eenientini rook; and ihe higher value^ for Mmnd, thoruiighly cenieiitt^l ruck. It In ivninlly 
AHvunicd ibal mm]^\ bedrock will cnrr>- wny batl which cah bo tnnucaiittnl lo it by a 
onnenHe jNcr, riiuv the allowmbTe uiiit cf]dt]pii.>^iv«! in tlic icineivlc nf the ^r 

wMjuld be le^ than the itXtownhk- hn-nriEiK i^tTwfw in tln^ rock, Socne aIuJlv yjelii by phudic 
How' wlmi niihjectcd to heavy piva[.UH^?, and j^halrfl nhould olwayw be ewfully Invwli- 
jpited IjcfoTP they are imhjeeted in Itnid. VMicn rock whieh Li tning cqrmiderpd for 
foundation support is of dnubtful quality, ruinpnHfqon iesit# j^hould be made on tin nicE 
in diHermininx a stfe bearing value. Otlior fartora which mmx be tokeu into atu'^ount in 
cstainining rock for propo^ni^i fouuibitichikir une the din:>etio[i uf ^LniLLBimtinn, ntructurni 
drfeoia, ravemn, and Boiutjw chonticb in EiroeiitDtie and pwwbly weak undcriyitkg gtratin 
H H faiilt croasM. tht! huUding Mtc, the proliabtliLy c^f ii]ovcnit''nE atuiii; the fauHi and the 
piwdhk i;nn«>rpicneea id putIi ninvcnwnb hIiouIlI be rontridcri'd. Corv boringif in nwk 
sbuulii alwuyic pcnctnile nt traMt n ft below tlw r«ck eairTacc. 


PILE FOUNDATIONS 

Kinds d Pil*3. In coww wb^rc the soils [iriir thi^ ground turfiusi orv incapnbte of 
supporting iimt ruundatiuna or nimple spreftjel footings, pile frjUEidaliuttR nn? often used. 
Many ilifTen-nt typi-e of piles, afu in general use, and Rg '^3 i»hiiw8 nwjat of the common 
lyprflu 
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uri! wminiwily divided int«* two Kiiirnd cImmu whirh nallrtl “rountUtioii 
»ntl “nlv't't pile#.” Fewindtttton iiiJee may he dividei! iiilo ftwif difleji’nl type#, 
thf diviaitrti l»einB ham-d on flie kiml of mnletial of whii'h fht’ pile# am tiuuii'. On I hi# 
bonie. tin* four eoniniuo lypto of foundation pili-f arc wood piW, ronnctc ptle», com- 
poHiU" pilm. nttd «twl [lile#. 

I’tain Ktmd pitri hftvo ecrtain ndvaiiumi!#, a* well u diaadvant^, wilh nwpctl to 
t>thj-r kimii of pik*. Tlw; piinciptil mlvantUBi' of n ptuin wood pile i# the f«ri tM it 
w eutii|iamii\i‘ly cliMip. Tiie fnjft |K'f linear foot of a plain wood pile w often ao little 
at om^lhlnl or otie-fourl h nf (he cort per linmr foot of eonrmle or »lwd pilw. flowpvKr, 
in spite of St# low mst. thi' plain w*aiptl pik? ia iii*t m^ecsaarily i1h< chenpi'^l type of fountla- 
tlon lH>eaUM; td tlv‘ •wliietions tlint (toviini ila ij*r. In onU'r (hal it will HOI decay, it 
ntnst Jje cot off mill nipjatl bidow tin- perninnent Knninihwater k'virl. 'ITiis requirement 
ufterv involve deep estavalion with ebr-etinR and tiumpini;. Anutln-r itimlvanlatp* «d 
the wooil pile is the fart (hui iirdinarily il ran auptatrt a emwitWrably «niatlvr load ihait 
«»tne of lb^^ i>thr f typi-# of p^k'^. The usual alloWalde tiia<l on » wootl pile is a>*OUt IS 
or 20 tona, whenvie conen te pih?« am nlnioiit aWay# li^deil to ftS tons nr mom. A# a 
result of this liutd diffi-n'fttial, a Riven rtructure would miuiit* a larwr mimbir of wnKid 
piles with htqiK'r fontinip than would la- ntquireil fur the same stmetnre mpported on 
ronemte piU-s^ Ukuo- 24 il1ijsiraii>» the various fartorii thjit enter th» pruhk'm. It is 
aKsumed that a ipven eolumh kind is to la* wirrinl by a pilr fo*rtiiiR nnd tlud itH- |a<rnui- 
nenl Ktvuiid-waler level is aljoiil 10 ft Itelow the basenu'iit n»air line, A wnen-ti-plli' 
ftaiiinR for this roiiunn wemtd lie a snmit block of ronrn<te }ptae.sl in n shallow excava¬ 
tion jnsl la-low the flrs)r. The concrete piles w'ould la* driven in (he 1Jo(tom 

of this shallow exeavalion, and it would lint la* ti<s‘j?sNir}- lo pay attention to the fart 
tlial. I hi- |a-rnian<'ni |triiunil"W-aier level is wi’ll below I hi* pik- culoff elevation, tdnee 
ronrrete pi1t*s are la-miittisl to eatend up into (he drj- Rruuiid aiaivo the water labli*. 

In order to sujipori this fuluron low! under there eiiiMlitioni* on a wmal-pile foumla- 
lion, ihi* proctslun' would be quite diffenjilt. It woulil la* nvet«sar>' to exeavate a pit 
down to a depth uf J ft latlow I he Rround-water k-wl. In many rases such a pit would 
have to be slas-teif, and it would pfohably la- neci-waiy t« do sotiU' puiupiciR to keep 
the water nql of thi* bultom t>f the pit, After the pit hail Isto Meavated and ehei tnl, 
the woial piles would bi' driven in tlio botloni of tin* pit- In mder to cap da- pik-s, it 
would be necesaary to use a coitirideralile amount of ronrrete exlendin* from the ll►fail 
of thi' piles up to the basi^ of the cotiiittn jn.si ladow the [MTimtnrnt llour Hue. 

Whenever cost compariMins are ls*inB made for wood-pile and nmerete-pik' founda- 
lions under rutuliliona of lids kind, flw <•olHparulCli ntust not Is' niiuki solely on the 
Iwsis of thi' relaiive ri>Hl of one wikwI |)ik* as aipdiist one eonerete pile. U is iit-ceswiry 
lo ronsider ihe cost of tin* irntire foumlaiioH Up to the umk'miib* uf the eoluiuii ii^*- 
The <*tiTnati'd eest of the wissl-pile foundaium must induile Ihi' post of o.xcavatioti, 
sliis'linit, iiumiiliiK. and ihe wooil pdi-s with Hwir ronrrete footinR. Tills total curt nuisl 
then lie eompaliil with the r««t of llw- ronerpte pili# nivl their nmrrele fontSiiK. 

In comi* na«w, the jaTniaiu-iit pound-water h-vel is qiiiie elore lo tls* Rfouinl surfaee 
so that a few fn'l of i-smvation will reach tbi* wBler table. I 'ndi r such coiiditioiui, ihe 
piitnJT elevaiiim for wijoil pile# uni I Punerele iilles would k approxinuitety the sanw, 
and the cost cntiipariison woiiiit usually favor the wood piles. In Ri iwml. it ran la- 
staiwl Ihai the eoiiereli'-pile foundation will nlnuel alwajn Is* more ceouipiairul thati 
the wood-pile fouiiilation wliem-viT the UK* of cuui'rele pik-s will save (i ft or more of 
exeavntlon, as illustrati<d in Pig, 24. 

Plain wnod pile# exteudiiig into dr>- Krouiul alan-i' the water table or into thi- o|» n air 
above the im>und wirfare an? alwaj# rubjiwt to attack hy fuiiRUs RrowtlMi and by inserts 
of vannqs kinds. In »a water, espeeially in the tropics, there are numenma maruw 

that aLtJpi:-k WtK»J pShw. 
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Trtiii^ PiVji. lii onltsf ovpn-oitu' iljjiadif.iiklsigi'i* af plain vcwd 

prwmitU^- Wr hcin ilt viI ci|jih1 ui whith i\w w.cmmJ ik wi(h 

Voririty^ k\mU «r i?hriiiint!i'. TIil’ fiw thw |nir|x^' 

lif €rtn»c»l 4 .‘- Thi^ effect ivtwss «if rJiemsrid pn-s^tjn aitivet* depentlji cm twrit imptirlmif 
raclota: {}} thii ihnnuup^hmiw watli wLirh thi' tn^afnru iii h flirfie and £21 iW m- 

verity frf the csp-iwre mTnllliniw al ihc' Fite wlh^re the tnn^X*:ii piU^ in lu Ih:^ UMhL Ifi 
■Miini? Lmpical waters tUl an: \m\h inle^tinj with nmrin^' nrgarfciPnMi, tn-ateil wf^ai pitea 
have alnicwl rapidly a#, plain wiaai pilei!^. It mu^t not lie aaniirmfi 

that pn?m'rvjitive tnutmi^nT wilt inakf’ tin' pile immuiw from ntlark by Tisaniie ftniniah< 
and ifweet^^. i^|«H in1lv in loealitira wlien> lln^^ nn' aetive. Neittv-r can it lie 
Huiin^l iha£ ^lr^■«.n’a^jve l.n>atniLint will ei.tir.-1,v prx'veiit -k^wy in phn^ when^ iW |mN- 
W eKiHwi'Cl to eIk* air elUiJ i:^ allenijatity WI^I ami dry. However, 11 run be Inketi for 
Jtranlwj that n pmpi rly Tr^^annl wm«i pile will !oni 5 er limn an uni Wir<kl pik' 

Under the rtilinr^ eJiptfcMiin’foni111ion5. 

*ni™i Ln ohi' ini|inrl 4 iiit Cttrlnr (Imi -hi.iiW h,r ki.jjt in miml wh.‘ni 4rr the UH-frf tri'«tt-fl 
wiiod piitm i» itiTisitUnxl fnr ilii' fiiucnJttiioii nf n p- rtiu«u‘nl rfrarturi'. Thw w tin- 

uiH>stifH] .if n bljiA'ititnt .if iW |)iU in vaiv it sbnul.l i|.™y «f i)i‘ tiThi rwiji* iJBiTiaK.^1 hy 

aoininl nr life. Thi- n p1ii«itii™i nf tltwyi^J pibrs wtiJi-r a bniUiiHt fouriiinlion w 

ft fi'UfiVfi problem lieeauFJ- H in^'olvei* ntwlenjitndiin iLinl .ihoririit ofM-^rntiotk-i w hich are 

.^low and eKpenaivrH , 

TJk m^tnuint pim-w? nuUeriBhy to llu^ of ilw pile, hni tbi-n- m noihitj*( 
atiimr ihe ti^-alment prwL^ that enables the innti^l pih' «o carT>' any hfttd than 

A phun wood pile; nn the \i rdteti n^iuct^ the rv5i-itai]W nt tHi- natural wtKftl 

U. rnin|.n-«»un luid Immlinjc. Tli. tnwt«t piU- is itu n fnn^ nl1o*v-l In fnny nnly tli.^ 
AiiiU‘ H'urkiiiK luDufii I lint Btv on |ititin wikhI iribn. 

rtmrfrtr pilt* Mimi< ihlO gl‘ni‘nil U-^i' iluHii* ibi' liu-t fi‘W \tiHV <if tin.' rt'iilury. 

Dttliniuilv I^nirn t. ri'"^ prinripul IjT*'*'. nu-t 'W'i pf"' 

i'iu<l. Tlu. .™.t-m-|iW pjik ic r„rm.-.l in tfn' (tmnnil in thn ptinitinit m which « m to 
b.- usfd ill tin- rvurthiiiim. The iin-nirt pile in nunt' nfmve the Rimuml in n [ii iM-jnrtinpi 
yjiiil. nnd it '» tb-n ImiUKht tn fhi- iehMlc ntwl (lriT.’ti or j.‘M.nl into ihc Rtnunil ju*t hhn 
n wtNjd nih' Thi- field., uf ujn^nilii iN. of runt-tn-phuv and pn'.-ajit TOncH't.' «vi‘rliip 
tn Kini.. int..iil, liut ii-mnl cotidilk-ni. nii^- one nr tlu- nlh. r n dintin.-t ndvjiiitnp , 

In h.iiidiin£4.iiitHli.ti..ii wnrk nn birnl. ihi- pile ii* iiion. .^.iiiiii,..nly ilMii 

Ibin llH. imnnit pill'- The priiiriiml Itwiin* for thi- nn- ih- folU.willB^ Thi. ^l-sn-plnc 
,Hln fDnn.liilinii ewn bo ir.Klall.'d mon- mpiiHv U enuw tb-n- 1 » tin d.-by vfhilc tc--i ptk^ 
W 11 ‘ In-inK drivrii to pnik t.-nwiti.' pil- lon^bs Hint tln ti- in no <l.by wjulinit for pile* to 
run. duflirbtiliy tn withiitAiiil haniitiiiK (Illil dririflB ( 111 ™.!-*. tif Tiurtirul.ir importahrt- 
in rnr«d..d liiration* in thr furt thm nrnct-itl-nlMH- IHb job liol .W|Uin- ft brio npi lt 

t'tHict; for a inn yanh - n * * 

Thu? Iiuj'etiuri pTnit terminin^ Hw rt^piin-fl Hk* k-nicth in^^^mWy impirtatit tm 
|m.rii 3 t>pili. work, fhi « fjii.t-in^plftn‘ pile j.*t' tb' rohlrn.tor u-iiiftlLy yturtn ihi- Wi.rk 
with enuipnicni tbit will drive pilfl^of widely varyinK li-iintlw w tiini it 1 * not in-n;HM.ry 
to Icnnw ihi- cxftrt n .piinJ k finll. fft bn. tlir j.4. i* ^lart.^i Uii |,r™M.i-p.l.' work it t* 
n-r.^r^■ to kniuv iho n't|uir,Nl li tutlh-- b-forc the pilw un- -iiM. ami iimc iind moni^y 
tnurt ux^llv Ih- rift-nt for .Iriving tr^it piku to .litcnnin.' ih. rniiiin.d h iutlh. If the 
pmbihk' piif linittb for a pt^ftrit pile i* md ili'ii nnim'd bdon? iht- pik-a an. cuhI. Ihrm 
» iwiious ri*k iJ ft «.ti|iid..aliln IWII’S* "ti lln work, lirUAII.-H' of ihi- IiecciBUly fur 
.itb-r tuliiitii! to lb- btiBlh or ptr cftst pih# that «rr too *hnit or oitiinB nlf and thmwitiK 

awav l^'liflthj^ of prrcasl pili^i* that are loo Inpg. 

ft’ us iiHuatlv rciuin,..! that pn-.iu<l pill's Khali In- *ton?d mnt ran si for JW dayv l*fon- 
tb'V fttv driwn, hul ihis tmriim |ari«l rat. uftt-i. b- ttsfui^nl hy tb- iih- of tb- 
cftFlj-fttn iHElh n-lUi-Dts Halt ftH- linW avftibhli' Ih. all prwftKt-pik: work a puA-fSUni 
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jwpfc ti» n>qiiirefl for m iiilc-ra^tting ywrd. On Mnim juitH ik'w a upwr avtultthle ■« that 
thi* pik«> chji Id; nuiifi- lo tlii> job nitt. Eu tk> diiwntown *wlirmj< of Iatjp; dim 
tliorr Li uiqially no viienni pnipi>rf.y avnitablc for 4 cAgrting ysnl eiu that jio'ciul pik» 
havi? to Im< nwii‘ «t jmaif dktnnco fnjin the jtili jrito, Thk involvin tuniJHiig And tmn*. 
|KiHih|i th*- |nh-j* fmni thr cAMing jianf to tho jub, nnil it a<!fb to ik curt of tha worit. 
It t»for thiw tbal tb* rnrt'm'piliMi' fiilc i* moro cnininonix iiKd tlwin the ;htcii#i 

tiile oa )mil<tinK>fouiidfctiuti on land. 



Fm, It«)'n)on(l Handani eoacielo pile. 


Jn owmn.* itkHfaEbttonx lorb a# dorK piunt, anrl buJithcudd. (k nil,, bi u«d 

dmuAt «(rl«riwly. Thk u do*, twigely to Ik dilBciilty luvoJvwl in i.lodh* CArt-m-blacn 
ptlTH IS open wmlrr. For docLa ami btilkk^l. tho Bart-ifl-pke*. pile i* sotm-tinM.* iHwl ia 
tbr .nchonixe i,-rt..tn. On lrt*tl.styp<‘ alrurttia.*, wish aa liighwsv viwluct*, Lk pn- 
mill ptk. U ctimmonly tirtil. A portiun nf tht- pqle ofuni cstumb above thi- RTminil 
•udnfv aori •trvc« a rdmnn for 


J remat concretepdraareidwny* reinforred to aiiktaml Imniiting nhd drivingatreasw 
1^' lire mmolly wt in 0 horiioiitjil (maition nnJ ilion picked up ired delivered to the 
plhr dnvrr ao ifanl they arr oflcrt aulijcctctl to revere bending rtrerwi. They niujt be 
mnforetd rnrenmlly to take cur. of tl,™,. Tbo concrete in n caaMnnloeo pile 

la not fubjcctwl to hamlimg nreJ drivitig »tr»e™ ai„cr ihe pile k pour^l in pUw in the 
Uhen o rtaliirepllw.c p.le ie cotnpleu-iy aut^iergmi in aoil, it doe* not h»d to 
be rend.,reed .ntctnAlly. Br«|, iy,a.. .d cmicrele |n1« ore lonctum* u«d aa columna 
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above the iprcwinii iFarfare, luid in piwIi they muat tie fi4iiforrt^J for eotunin 
Hetion. In ftjniir lypt* of BtHlrliirtst, either the fwit4n-jilftre or ibe preciul p(ile may in* 
mhjectcd to horuocLtaS forrew applied At the pile Ikend. rnihr wOrh cornlitimui, the 
iiiR itrew 143 the piltM ^hmihi be ioVeiitJifated and internal reiiifonT-iiH'fit .xhoolc] he pro¬ 
vided a# l* taike rare of these betidinit Ktmw^, 

CjuflHo-iilftw Jiilea iiie RiMaeniliy divirfed jnlo two liiirereot kiodi: (1) iboee whirh 
iir^ provided with perninorfil #teet ahHUn and |2) thooe which are maiie wiLhout perma- 



Fid. Iffl. pjle. 


neilt Hhellt?. Tti* purpiirt;" nf iheuhrlt h\ to proven I ntlirl nmi water froTO mild HR wIlli ihe 
frenti eoncfete a.m\ lo ptuvirle a form to peoli'i'l I lie 1 ‘onerete whili^ it \n Wdh the 

pilp» the frtwh i-OliertHe W in dimt rtmlael w itil the injrmundith|c isoiL 
Cfwt-iti-pfnrp p]\m With p^^miftiient limy be divided into fhire dilTmnt k-mda: 
n) taperf^i dnvfn i^h+dls^; (2) eybndrieBil, dru|>ficnl-in or driven shelb; and (3) wU'id- 
rape piilv. One tvfw fif taia^riHl driven i*>iidl pile i» illuriraletl in Fsr. 2?>. Thin bi n 
lUymoiiil pili% whieh ir rimde in the rohowioR manner; A thin steel phch, elnwHi nl the 
bottom with a steel IjooI^ in plaml on ihi? oiitnide of a rtoel mainind or eore, juiil the shell 
and the cortj are driven together into the icround. When sulheifiit driving reeidtanet^ 
IkOB tieeia devebpiilt dri;%inn is stqp;se<J nnd the r*t* h withdraw ei from llie nhell. Tliia 
leaves a steeblined hole in the RroiioLl whleh eon be insprcled with a lamp on a drop 
card. Bind the conerete is then dympetj into the shell frofn whwlljnrnjws. With this 
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type of p4lc A rrktjvpiy ihin thtAl b ipie-i ihc tii^Ty steel eon? support# 

the shell so tlint it will not eollnpw dtirioK drlvlnf^ 

Aoolher t.yp<' nf driven shell is illuFtmteO iiit Tiiin if eiill«J a ^tfmotube< pile, 

and i t ftiUf a !Nrallci|iec| rros# s^etioik wlddi m fornieiJ hy a of verlinil flntinjp^ nmnioff 
the full lengUi nf the pi|k>, Th™ pilpA are iiiijeitjd nxid are elooral al I be botioin by a 
steel booL Tlie shell ]* dneeu lutti llte j^nuitd nuii jji Iben filled with condrete to (ojm 
A cast-irnplace pile, Mnooiube^f nm driven without the ^id of oii Lotenmi drivioji ewe. 



Md lh<v,hcll n,u.l llH-nJor.. I,- thic k . to U- nbU^ lo wiih-t»..U thtMlrivin« 

ond ground 

Oofi im^rtant thing t«th of ihnc, typ,, of ,|riv™ *h*-ll |Mtrt b tho 

fart ihjul tlii*y nuiii.tMin ihp drivm* n>(n»lhi»^ tiiat Li N!t up in Hio Hill mmiundiiiR lire 
pib ,iurc„Kjlnv«,K L«u,n^ 

in whidh they won? dnviMi, 

A tliirrl typo of rtucHn ptjMH. Pilr w il)u*tnit*.c! in Kk- 27. Thb i» « cvlji«lfi«U, 
dm,.j^ij.,n phi'll pil.'. TI.P dnvihg np,«iratup rnirivitc of a pim- „f heair> bI«( pitKr 
wlu*.h M. UBUJi ly about J J to JO in. in dianu lrr and H i„. thic k. A atool driving b 
htl.'d conch, lh« pipe, utiJ ,1.^ ta-n „„ .jfiv4,n in«,tli.'r inin tl.v Kt^cund. WVu HuJbible 
dnvinn n™bln^ luia bM-n ojitaiof,!, driviiiR b aloppcHl and ih,, ia ivm<»viTl bom 
tbi pipe. A ihin vamijstn-d'inFtjd ahell w'vemi iiivhis .mallvr in dJhiiii>h,r ilu,u tho 
dnving iHpct u Ihvn droppcij down inniib lljc* driving pip*-. The lliin corrugated phell b 
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filSjHl with K»ilE!ri'U?K BtiLl xiir Jiivin^ pipn Li pulled uqt -uf the fi;rouDd. The pitr Hmt 
remiurirt In the jirniind in ihiTefure (event] iitrh^ai i^nudl^f iti cHmueter ih&n ihe pite that 
wa» dri\'eit. The fleurj inff iNijmeil v irf pfurh a pile desM^iitii ItiriKely on tlie polnl rci^btjmee, 
rnnee the renUuitnce uIouk the eritk^ of ihe pile aihI Uie ^wil up hi I he mW 

liuiiiip; dHvhtiK rtfe not inttiniiUEH^^J wlieii tlie outer driving pifu- is pulled out of the 
ground. To pveid tliii* dijinr.lviirUjt 4 t*% n fourtli type of eamt-in-phu'^* pih* \uie de- 
veli>|M^i In which n ihlii ryliruirieal eomipii+d shell u driven iii w iih dte siir- 

rouiuUng gromu-l hy nit^ias i>f All ifilemaJ espajidulile nuitidn^l! or con* tiie nurritt*i* nf 
whieli huH projifetiofiift whii!!! ^'^pAud into the vitHeys tif the ^hell and earn.' il iJowii. The 
(!OTe ofiruhmirti*l is: nuide in parts louppludinalli'^ond it rotiool Ik*^ driven without lianuigt* 
M hjtni or with aw lunivy u luiUiriu'r lilow as » Frettiwvuly Tiin'«*(Hiry+ CouBficjiieiillv't it 
i( not rflt>Bhle of t^ifely ettrr>iuK us high design load^ as thr typo whirh eau be driven 
hard sufeUv 

A tifth tyjit of rtiSt-in-phws- pile with a periiiaEieEit died is tlie pipe pile. Thesg- 
an? usually divided into two ( M etuH-d-t'od pipe pilt^ «iid (2) o|K^o-vnd pi|je pilBr: 

Tbtt closfMl-end pile tfi li piem* of sU*i*l pda- rloeed nt the boltom with a heaV'y' Iwt 
Tht^ pile driven luin ground aod hlkd widi coiu-n.*ri. The wtieh pih s un* 

aljout the rtftlTW PMi tliiswe of the Other of t'lisl-iii-plaer pileti with driven sin Its, and 

tltti ailowaide Injuls Qi\ idura'dHOid plj:ie pWvs are tin? tauiu? ns ttiow alkiwt'd on an ordinttry 
eaju-irHpta«?i* or prwflat pile. Snuietiiiw thej^e pijw’ pilt^ arv driven ail In one pieoe and 
sometimes they are nuide of r^^veml pieces of wliieh mreeiilttif woklc^J logelhcror 
logtulier with sjMs-Hil iniernal f^li?i*vi'A 

Th^i ujMui-end stetl-pipt? pile L'^ luiujilly driven to btwiiig uu roclc Wheii pijic is 
being driveiu it iit open at the iMUtotn si> ibat^ when driving is Mtopped.^ the interior of 
the pipe ia fu]\ of »ai!. This soil has lo lie rrmisverl from the pipe, and tin- u-^ual pro- 
ei?f<iun‘ ia to do thU with air ami waii*r ietSp althougii it u-'Ejd La be done occ^oaally with 



Fio, 2^ EMowing out upen^nd ateekpipiir pile* 


miniature orailge-paml tiimiging buckets^ VVTeli tin? ctraTlinK out is doiH* by Ihe jetting 
phK'i'as, n long jet using water IS worktsl dow a illSldo ihe driviui pik^ in onk r to IochWO 
Up the soil. VMii*H the ^^ji] hiu* iit*t*n sofEi^ni'ti by ihf water, air is forreti through iho^ot 
lEito Ihf pile. Tills air jet is i-oiitiwle^l to a hirpp- fompreAsni-air nni-iver, ami a rinirk- 
throw vaU^‘ ia in the air line lM*lwtsMi the rec'caver and I he jel^ 'I’hi.** valve m tliruwti 
n|AU] atiddinly so tinit the conipnitiis) nir rudira into the Iwittom of the pi|M? altnomt 
like an eitplosion, Tiie mi\ inside the pipe is hlown out al the top, as iltustmled in 
Kig- 2ft. U is usually necrswaiy to n'jsnit tliia jelting amt blowing prem™ erveml iLlnee 
in cirdi^r to 4 P-t the pipi' pftiijerly ckrtm^d out. W'heu ehb* iitia lits^n done, I ho pi|ie iis 
nslrivi?n with I lie hnintiler lo tnnke Ihal it is projM^rly watmJ in I he rca^k. T\n- 
\hh is tiii'n lignin blowti Oiil and is promptly tilk'*l with rnnenHe, tJfw^n-i'Orl pipe pih>9i 
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matAllcd in xlm uuuir^f aiv ufiunlly hIIuhtciI tq ttuiy reUtivcly hi^Ji ktni' Itkad*. Ttn! 
iunquutti of Imd nlbncd for difT^rent oF pipe* nw by buildinj; cnt]^ andp in 
j^ucr&l, tbc#*? lo&iia ure cansidHtibly hijjhrr than thoM iimhI on other lypi* of 
pil«. 

The i»he1l-lG^ eowcretr pile# Jtre divitieil imo iwo JiffureiU kintijip tknd eylin- 

drieiil shift, Tlirs proi-^ cnmnioiity wirtpcj in rormiiiK tht pecli>qitn1 iiilc is illit«tmt 4 ^ \n 
Fi|f, 29. A h^vy nti**-* driving pipe with an interrmi eoro in driven into sh& gniund 
uutU a mtl8fjietqr>‘ driving rpniiTiAni^ Iim Iwrn otiUkiM, «« tthown at ^|), Tlie cqn^ 
[» then lifted out uf Lbu pipe anti a ^tneill clmrgp of eonerete » diunptHl into the p[}H\ 




u shown lit (2). Tbs pqpM m ilmn pyllH up u few fwt nnd itic m« L, put buck into 
Ihi! |M|* un top of tiu# wosr^to. ns shms-n at {3), The haniiunr i* lutd to drive ibp 
.xiire doKii to orijer to foic# ibo cPnmte nut of the boitofn of the pipe lo forni the bult> 
HD kbown Hi (45, Sometimee several ehjirKcs of MUeirto hit iw« 1 iq make the wdtotul 
after whiri» the (npe w RIIhJ with re,H.«rcte all the naj to the jtnHind surfaw. The 
1» theii on top of the MMinreto to bohl u da,„ while the pipe is IwinjE with- 

druwii, a., Hhown Ht (55. Tbe liMoreli wI final furm of the pile Is shutvn Ht {«5 

mie eylihdriH-iil^t ^lMe« pile i* t*iih the .nwne appamlu.,. Ifowever, in- 
Stoad of ll^ smal e^ e( Mnerele tJtot is dropped in the pipe, „ *hnwn at (2) in Fi*. 
-S. liw cyhndm'ol.shijfi pile k formed by rdtin* tlie pipe with eoherete all the wav up to 
the ™d ^faoe. The eon, is then placed on of tite cenewto as shown nl (5) in 
jader to hold down the eoocrele winfe the pipe is beinp withdrawn. The pile thus fi^uM 
IS similar to the pile shown at (6) except that it i, rimply a oylindrimLl dtafl of ooucrete 
Without the iKdtstA.1. 

Tlie prinri^y advantoRe of tJw cast^.plac she3U5«u pile is that fuel that it >• Lhp 
eJ.«p»i of the sonoreto pi^. This b due to the fact tliat the sholNh^w, pib consists 
only of eonemte. whoiras the- preeast pile is always reinfojeed internally a^the ri,ell 
typ« easl.io*pLi« pilw lUwai-s have st«l sheJIa Qmi in tbe Biwind. On the 

oiher h«Kl, Ihe shelUt™ type of pile has wrtain duadvantHB™ a» cotopawtl with othrr 
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typM of concrete pile*. In maBy cjuto. apwinlly if tin- pile is very Icnjt, it is difli^ll 
to fwee ihe coiiwrtt out of the pipe in a ujiiform streuu wliiie the pipe is Winn *ilh- 
Hrawn. The concrete temin to stick in (he pifs- Kt thnt it ieaves ibe bottom of the pii*< 
in n. eefif# oF lumps, uid the pile ttiui fonned may not be a continuous shnfi. tn the 
formiititMi of the ptslcsLil there is the (wsfibitily tlmt iLe »il rmy not be uniform in the 
viciruty nf the pile poitit so thnt tin- j>ecl«Uil iiwy In* olT center with respect to (he verti- 
c*) center line of the shnft. In «ry ca-w, ihire I' no poMibilily of inspection eilhsr of 
the shaft or of the pedestal to make sure iliat they Inivc beer properly formed. 

kven when the ahell-lfj« pik' is perfectly fonm-J, there is still tim powihility that 
the drivimi of a^fjaeent pila will di,«iort tbt' fresh concrete in previuusly driven 1^1=*. 
In oreier to avoid the pmsibility ttf this, it L* rometimi's ti-nuirwj ihal shell-lew juk^s 
shall be driven on b wider spadnit ia'twwn pile ct.Titers than is umsi for uthur typo* of 
piki*. Tt is necesaary to usi< ureal eart‘ in futtuing piles of this kimi, wtd the niunber 
of pile* that can be driven in r given lime is insnally much snuillcr than the nutnber of 
concrete pile* of otlmr types that can be driven in the iiiftme linic. 

Precast-concrt'te fuk» may be divided into two kinds, lapercd and pBri^el-eidsd. 
friHCasl pik« are iiFually of square- or uctagonal crow reel ion, plihougb wmeiimes they 
an! rtiihd. .Since ihv pika are ueuaily in n buritontal position ua tlw Bround, the 
round creaa reetion ii not cotumon because it is difficult to fill a eyiiodrical form with 
conetTte when the form is horiiontaJ. 

All precast pilim are reinforced with longitudinid bar* and tranavorre roinforet-metiL. 
which may N repamle hoops or a spiral. The pitch oF the spiral reinfnrniiniuit I* always 
smnlkr for a kngth of 3 or 4 ft at iwch end of the ihik than it is in the middle of iht pile 
ijerause the mmaimum rtrowes in the pik! durinu drivints occur near ilh' ervds of the 
plFe, In Fig, SOare ahown some typical deditrui of pn-cast pih*. At the left is a uitifnrmly 
tapered pik of square crow swtioii and at the right ia a uniformly tapervd pile of oc¬ 
tagonal CTt»# wetkm. In the renter is a psialld-sided pile of oftagonai crow section. 
The lower ends of the pamlh‘l-*idcd pika are toually tap<!red over a length of several 
feet from thi- full erw* reetion down to a point diiuiieter nf almut 10 in. 

Ofdiniiiilv tbs tapcixsl precaat pilw are limited in length to alHiut 40 ft. I'd! lunp-r 
kikgtlis the 1e« flexible paralkl-sided piles are U-sed. ThcKv are often maik' wit h di- 
ainetura as great as 24 or cvi-n 30 in, and the maaimiim lengths that havt; bee-n u-wsl up 
to the phaoJit linn- are well over J«) ft During rectat year*, very heavy preeast pile* 
of oclmretod trtrts section with dinmetet* as great n« SH in, iiHve been used. Three arc 
usually made with a cylmdriwt bole ID ur 12 in. in diattieler centered on the axs* of the 
pile bi.-ciiosc solid piles of this siJh! would be ve^' luavy’ and luinl to handk. The strength 
of the pik- is sufficient to cairy the working toad even though tlu- pik is hollow and the 
puir|n«e uf the large Jianwter ia to get a large pik surface in contact with ibo surmund- 
itig soil, Thi- carrying capacity of the |wk is dt^termined by the amtfunt of I'lnlKshkd 
suKace, rathi>r than by the slructurat stn-nglh of thif pik itself, 

Pn-easl pilre are usually maiiurarluri!a in a temporary easting yard oti or near lb? 
sile where they are to Ih‘ um-d. TrerLaportotion and handling coate are wnipmtivcly 
high ati that pfisiasl piles are nut usually .»bipjji-d over grc-al dklBcm* fttim casting yani 
to jdIj site, 

When very hard driving conditions an! oueountered, precast piks an? often equipped 
with #to.4 driving shrma. Tkwi' are pointed steel capi that lit over the pmnt of the pile. 
They are avnilabk in various siies hwI an- provided with straps that extend into the 
concrete at the lower end of the pile mi that ihi' shic can be staile a part of the pile whtm 
the pik is cast, 

Recently, tbero has been developed by the Raymond Conerete Pile Company a 
oentrifiigally precasi., preatrsewd, eylinthneal, hollow concrete pik. fhesu are cast 
in sections long, which arc then lilted lugs-lher into the number of seetioDS required 
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fur Ih* k-iiKtI. of a njkv nw H'rtmna, ihiv. liHttUh r, nit- lin n bv p««i- 

l..i™«n,nK wi„. rahk-j. itiai run tbmiml* li..l.« r^i l,i„«ii,„li„ft|h- the of 

™-li rrN:l,on. bponnl bill po«tivrv mi iW iuivv Ik^u d..v. l,rf»,l f.,r joini,,^ ,h,. ^ 
tiOM, p.*lt*w,oniiiK lb- win. nUiK and Kn«itiriB ih.. ™bl„«>nH („ ^ i^.nifw'n.- 

««* priKkict nf KT^t i.in.nKtk mill iSumliiliiy. Thi- rhan,florist in. of ,ui.h n pik. iwrnnl 
i-imhaiM mxm] IcmtH ami (xiidinK lounH-nfr. cif fiiin.iikrHl.k. nmicnitiiili.. "tiJ krier' 

mJ? V“"<1. (hen fom. iwriMOMlv. Wk n- 

j^leHyiHK «,.] e-inihuorM. inrmm. |oa,k fn>m JUD 3«) „M«, ,*,r pik. we feaintik, 

' 7 ^ ’’"r *" “ irulwlfttiliai ..^tenl, pnrtienkrlv in 

;v 7 « 

wob,.., .rui....b,. Ri,rt:iZT,£ 
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of tht^ waoul pill" down below the KfufUful- 
v.'hU}-T hvi'lp ttfiJ ihL- upprr eonirn^lif wtIIfiii 
from ihe wood pile up to ilw^ cukolT 
j^rtide. Such |m h*« stv rousidcniMy rbrappr 

ttuiii iiH-ronm‘tr pil*v of rhe «amr 
i&ud I hey rlimintite thi* fdiw’l- 

inn, finiliujf raqervto that wnulil fcji^ 

n^iulrcd if plain wijsui pik^ wi-n^ iti^^d. 
All thi- varkue typ«« uT runi’it-re pili-*, 
Hthpr pnva^^t or ctiu=Mn-pb«v Iw 
and have Imtu oe^hI tb^ s>ctioBw 

oT ootnportitt.^ piliie. 

Till’ tno«l Importiiiit chrm^iit of the rom- 
poicito pile ia thi? joint iM'twi'pn thr hmi*r 
wood and liie npi»r eoiit'ivlp at^rtkinir 
TIlp principal nH:micerrui*iite for a sitbifat*^ 
tor^' joint rtvtI (1) to keep out mnd ainJ 
water, t2) to rRrtiirt ictiaion^ and (^) tn O'- 
Kirt any nelive boniiinK fort^w In addi¬ 
tion, the joLit mu-'*t b* no deiflgutHl Uwt H 
can be made cn^ily in the field without 
quirinfc too much time or rosftio^; too much 
nu>ney. 

In order to keep out mud arwi wHtor 
and to en^mre bcknI nolid bi-atiiiiK heSwiru 
tiu? two of the pile, it i* ta-oestary to 
have a well-WflSed Joint. Thi? amount of 
temdh^ ntn!n|;th that tb^ joint mu^t haw 
will depcind ou tbi mngiiitude of ihr ten-^ 
eib furren that aiiisht b* npplii^ lo ib' 
pth" fllt+T il in in platH^ in lb* p^iind. 
SojLK- jiojjs b'aw during pikMirtvanK 
opc^mtiniu, ami wbra roinpc^dii* pihis itre 
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ll^il iih iiujrh wb, the joint miH have ^'iq^ Op^li-4*ea nd^rillnui plaiform. 
HTjrtidetit tetudle i^triuiKlh lo kwp thi* con- 

CTeto Hectii>m« from bcini^ lifted off lb' wiKid iftcctinm* by the heaving bhiI. Sninc typi^ 
of rtmeiurea plan' acliml upUFi faeft'^ in the pileit on which they are inippoflcti, anfl 
in fTuch tiu*cp, i-oiii|a:]aitc pile joiuta niUHt be di™j{fM!tJ to ihivii uplift forci'a. 
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Sfftu 3jECKA?^ir& \SU KOUSDATIOKS 


Irk niainy tlir plti^ im ni-v(»r ^ijbji^i-tocl to ti^ruik" touam, tHtbi-r (luring the pik> 

ilriviii^ ojK^fiiliott afti-r f b- |ailr i# in M-rvin* umli.T I th.^ t<trnctiirD^ In njph cai>e^« only 
a. tuimifial BUkCiuikl Hjf tuiinile »lrvri^h b n‘<;|uinHl in jt 4*i)mpuflitii p4l«^ jninti 

M far iiH fx-n-itirj^ n-^btaccv b pili^ are not uiMiitiJJy injbjcrli^j lo bt^udjoi; 

v^Trm--» except linJer certaJii eikEkdiuunH tbd art^ lu^nnity due to I be nature of the At rue- 
lure I hi' pili*is are to i-uppt krt. Tln^ toMiKlatiiai of a ht'iivy teeipriM^atin^ machint' wouhl 
lend le xvcwv bact and forth and to put hoii^unitil fnm.** in tlie pile headii, f^tnielun-r 
mibjii'ett^l to brjie external buriiontal ftirtvs due to wind or water ]imlx nliwi put byri- 
xontal fom- coraporw^filH into thi- heiktb of iJh^ on whir-b they may bc^ i^uppoFted. 
In wich easi-?, rnmt^ite pile iotiila nhmUl bain^ imfliea-iil faUidilij; rea^tAnc^' to eiudde 
Ehem tck H-iltkAiaMd tb.^ force-^ to which they will be Aubbieletl. WIiemi ibi cnnitKiMU- pile 
U KuhpieEwi only to a din-rt axial load, only a [inminnl arEhount of tii'nilin^ njditanLV Im 
oi'^'wory. 

FiEurt' Hhim-M ftvi' iliffen ni kindF of itiuifKJMte pile jtkinl^ belwcMm a wood rkectiun and 
Q nuid-irHphLce fiorienue Hectiou formed in a fllwIL In jcdnl (n> ih<‘ li™l of 

thk^ coneri'ie rcectlon han km^n trimim-^l tn tb:^ fiirm <jf a ivnoiu wbieh \t* ukuaHv about (tin. 
in diiLtncter ai^d about in, long. A Jftet4 Hnling ring iip welded to the iKittom of the 



phirll, and Iht^ inside dbnkuter nf tbw ring ia slighlly ^cmdler than the dianiri?Uit of the 
bmon iM> tbit the ring has to bt forwl down an>und th* tenon wiLh i^m>nderttlple ptr^ 
Kfun*. Thi‘ ring a dtpuliki purptM- in that it hi als the joitit agattuit mud and water, 

and it ab^y pmvkiifi iim^ile n^wtann' since the tiincr edge of the ring grtpH the wocai 
of Ehe tenon when an effnrt its mmle Eolift the ring tkff thi? dnndder of l1i£> wmai icetion, 
Sueb n PmvEioKite ijile ioiiU b wa].-<l ag»iEL-t mud and wt^U r ; it leiwibiktr^jnglh 

nwing til thi' M-tion of I he ring anrJ lo ihe bmd Wlwix^n the concrqtj- «id the toiinn; and 
il has Nime b idiEkK jitiength luvatiia-of thb projection of I hn woodna'ctitm U noh Into the 
iNmrn-le Feci km. In orch^F m inert™' the tensile lance joiiii. (a) b immetimca tnodk 
fkn! hA AhnwM at ih\. Wiih Eb^ lb) iuitii , tli*- iwo «wiiufu< of pile aji. iocbd ingethor by 
nemtMkf a sui-l rri^eft |^n which ptimc^ thmugb a strei wwket into whieh a reinforeing 
ird with a tbn^aded end can in' wfji^wisL The reitiforcjcig rod extimiJw to the top of the 
nuierele section. Tb' bmding fiwstaEice of the joint nmv b& incKwied by meniw of 
rkinfnrdEkg steel as shown at (d). It Is In romJjinif joinla {h) and k\ m in 

have high nslirtance to bolh Iienditig ami lension. Joint {c) is rnniptirateij than the 
oEb-rs. Thi^ Hiding tif the joint Is aecEimphsbd by forcing tb> lower end of the shell 
intn the b.ad of ihe wLsui iwelinn and then e^iMnding the wood s«linn ht«J by merans 
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|ali7 nn^ U^J Iiuuply f^t tlu' |Hlr|Riw uf i‘uEil^Pjir!tli)4 H cif ^kll p£i om H> |pvi^ it li 

fl^nsaty juiid ti kkijrfier U'arifciii ru^dL>% 

^iw tyjx** of stnM'tun?* a-tv uubjtirli'^l lu upllfL foree fmin vu/itnii* ruUM^. Tin* tmiv^ 
misvinn illyitf rj|t 4 > 4 | m Fij(. ani|;llt \*e m iiurh a wjl.y thiit il wqijl^J Iry tq 

ovi^rlurii. S^uirh towi-fK u.ri* always sulijcrt*^! 
S.c» a t4ibl(> pull nitd tq Wltid rnriw. If Uii^ 
cables oil OEhc Mdc uf the Iqwe r i^hqukl break 

aiid if ibf letriii^turt? wem tq Et iirflvy 

Kitful Tyree irl tbe *iimv Uhu* in the HEifiie 
nlirecliqu as tlie ujibalaiicud cfkhW ihm" 
u'laiM fjc uplift uf 4'Eir«qtk'nihlt^ nui|c- 

iiiiudr- on tbr whnlwanJ siihs Fmindihtiniui 
fiM* lynniupi-^ uf Ohb kLnd are iiflen fa#- 
li-Etcd to ihe itftniiid with whostr priii- 
pufpDM^ IB tq rcaLrt uplift, 

Th^“ liangcr of M'trtir in u islrrom lw*l nny 
ckfien rv^uin^ the tiw uf pile fountUitiEkii# 
MikrJpr n brtiJjqj! pier eveik though lhn*‘ Mil 
in ilic -Stream fK'd iiij|£ht la* ufitln[''ly mpablie 
cif MIppOrtiEif; the pier luud without piles. A raw of thlf^ klfui IB illustmtetl in Fig, 

Iti tefburis whr-rc ihen:- ip Elaujter of <|uiEik IIehhIs aikii scour, n kiridgi^ pier on a la*d 

of mini nnti icmvel Bhotihl lie proti'CEcd ajcainst poe^ikah^ icecHir eilber with fonu^latkin 
^Hh^ under the pier qr with a raffeniiini of nhiHM piW whirki Bhould \vp carrit^tl dirp 
t^iougli wi tliai there wcmhl ka^ Fuflii^ierit supiairl under the pqer follow ifti; ihe nia.viiniini 
al1liei|wt4^1 si'fjur m the slrE.^]tk kwsJ. 

fll ihc eniijp( mcliqtk of duckSn picfs, and qtlwT IlllkfiJie stnjrtort^ piles utc uiied a# 
anchor pali's^ as fender pileB, nml for jale E luJ*tcrp nr doIpbiEis. Figure 37q BhowH a i-rnsit 
<jf a iha^ik whieh would make ufie of tlnse VEoioiis kinds of pilKH, The anchor 




Fro, :fn. IMes to pmlpcL sirftirizit ntout. 


pkh-H might lie Wqqc! |ifl1cs or mherele pilf^ or Htfi-l pilw. The fiikder jales Would nrrfi^ 

narily tse win si pihs US-sl to prolrel Ehi- ..fete de^ k fmln fifiriLsioii due to shiptf or 

hMrge5 lhat ElliidiE tie up al lhi“ ilwk. Thi^ fender (lile# ail' Usiudki- 8 or Iftft on reoterv 
and aiv capESMi with a mothiuoLis 12 X T2 Tinjt)?r. Tike Hits hs^hI for dnlrdiiiip am nl- 
most iiivarhihk wfwah-n |rths anti usually of while otik, Figun' Wi is a nfir view of 
such a tloek uiak'r coru<truction. Tht am iinraips ami tira- are etiown in the (ihotognipli, 
which was taken ticfiire liit^ haekfill wrui plac^HiL Fijpim 37c show# a front vii«w of tkie 
miiH- drs-k. The fi^nder jiih^ h4*%0' not yid inslalli^h but the lhilt >4 for bidding 

I hem in jdai'i* aipiin--<t the fara* of i|ie doi^k easi lie i»een in ih* picture. 

Unr (>llnT fiw which \a\pf nn> ottuii ii:m,1 ii« fnt fhWwurk (JuriiiB ihc Ctiij-Nlnic*- 

litm uf hfi»vy Tin' r4<nii'rii)tt for B ri>mforr<Hl eourfctu »rcb briilK, IF ofti'ii 

niittnl rtll wiKHh-n isllTi tIriv'H'li fiir tcmpnmry' FUpfmrl. tn Fig. 37c iTir Ikrail nf b uhhkIi'ii 
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Fio. 3?t, HrJiT new of dock* 



Fio. 37c, Fr<>tit vH’w uf iforli. 
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SOIL UErHAMCS AND S’ftUNDATtONS 


|)ile fwi tv w.‘n proi«>ctici|i abov4> livt iraltr In em-h hay of ihr ifock. TtiMP arc the 
hmdn of faliwwork pil«» that wcic dHwn to nipftort tiu; fornw for the coinrrctc in Uic 
dork wall, 

Boaxins Capacity of Pifea and Effects of Pde Driwm. Bcfotc any piku nic driven 
in a Jtivi'n eail, that soil h»g certaJh piiy-isinil propertUs whieh may lie detcmiiiied by a 
suiUibli> invivtiiERiian. Pile drivitiR rhnoniw thceo fpliyffi™! proja-rtita! in variniw way?, 
»od the imlurc of the rharigw pJepejiihi l«n!Fly on the rharntln- af the soil. Om- nf tlw 
bioel rotottiun pbnnoinenb that oecur durinp pile driving u tlio rnmiwelioft of tlpe ?«tJ 
into whinb iLo iiilea are driven. In loherionliw* (tranular aoiln sorh an sand and ((ntvel, 
|]ili< drivitiR fureiw Ihr pail gTHina dorcr togpther m that the on tiro soil miuoi. wijfiuin^ a 
higlnr dittrif of dcimily than it imd ptcviuiialy. Tlib ™rop«elitin lake* plure in granular 
nmIh r^-ganllew of wtietln^r t|ii-y nre dry or srpinmtcd. TIpw Mtils haw n-liitivply !ar«r 
por« spare? » iJuit wln-ii tlie roil gmilL4 arc rlUplaeed tin* wnter can escape fn-rly through 
tbe voUlis in t\\v 6ail. 

In fini^nMTu.’Hj eohi-feiivo sviJs, Filt nnt] clay, ciiciipiirlinn Hue to paik- dfivinj^ 

takea plaiv« o<rdy when theM< anib an- mi nimplMtely mluniled. However, when fini- 
grained rohrrive roils an- rubuu'rKKi |)«h)W the walirr table aliil arv rcmpU-te|y satii. 
rated, the effeci* ppoiiinitl by pile driviliR an* quite eoinpliratni. The pojv siHiees ill 
BUcIi rolls are of eai^ilary diniviiriuns. Thp tiinvenient of water thrtninii Him- eapillary 
ehannohi is a very ulow pnirees even when the roil maiw i* nibjerted to heavy pn'wut^ 
Aeiavnlingly. when a hnevgrnim-d ndimive roil b eoinjilrtcly tiatumied, iclativeiy Itinis 
lierioda of linw! are ictiuinid in fipree wnler oul of the roil and to pniduw vnlume ehaiiites 
in tlip roil nMss. Suth mhIh are prartiraliy iinvimpnwihtr in rhort periiab nf rime 
l>rdi«arity, the actual driviiig of a pile is done in 111 or is ndn. n.irv fofc, when a pit 
IS ilnveii into a i-onii.letely roturaPti hm-gn,ita.d colirtive wit, the drivinR time is iia, 
short to permit mi»'h water to isMoiia* from lilp roil. TIh< n>suh Ln itiat very lillle roni- 
paelion tahos ploee and Hie roil b simply disptawd in llte dlntliim of Jeiwt nablonn- - 
usually upwanh The heavitig .if wttunil.d rlays and silts tltiring jiilr-drivintf nueralion. 
I* Wi‘ll knqWD. 


This iH-lmvior of »tiiral>al rine-RrHitir-il Itiheeivv soils during pile drivinn has hvi m 
llie drvelopoienl of a Ihrorj alaMll ihc relnoldif^g elleel of pile driving in sUih roil* 
Ih Ils most extreme forot, this th.-oty says that these roils ate eampletelv n nioldivl In 
pile dfivihR. lail«mlory t.?ts on ™mpletely renwidtxl roil »hrjw that I he roil strueluro 
bapparently ih-stroyed and that iIh- slrongih nf llie roil is twualiv redunri Tin- uuoiuit 
rtf rislui'tlori in sLn>iiKth l.etw«.« undislurlasj roils ami n-mohini roils varies whlelv will: 
•liffi reni kimls of sodb, jJome roils are very ronsitive to tniiolilirig while olhe^ he,- 
oti^a small Iieiwiitajp. of ihetr Imdisturiied strciiKth when thtv a.%. rt ntoUleil 

Tlir lalmmtrto tvmnldmg o|mrati«i, is done l.y tm^king t,p the roil «amplr and Lma.l- 
mg It will, the ^ids unlil ,1 Iweon..^ a srrft ,>Instie nmse, In the pil.sririvii.K ofs-mtion 
whatever ivinnhiinx take* pinre must he done under ronditinn* ™i.sjdemblv diffrriml 
fmn, those urosj m Hie labofalmy. The soil al eny depth in tie. ground is subiialisf lo 
pm«mn. dm- to ihe wepghl of the roil „|„ve it. If Hie driving of tin- pile remolds the 
roil nl.mp.sde nf the pile, |].is retiiulriing woul.l n.s’|.«rorilv hjive to Is- diilie under pr.sM 
sure >n lalssmtory l.v-hm<|Ue hae U-en .ievelep,Mf f„r n-nwldirig soil utirler Ptewutr 
m this nuirmet. «i.l u is th.-refom .i«t km jiL-t how roil «ilij,vi,s| lo tliis. aelioii 
wonM Iwliavr. However, tissmt ii.v.roiimlioris in ihe li.-ld |.nve .-htwim timl Ihe «- 

(Is is KOI so M rinu* as was oripnalt.v 

fti onkr to avoid Ihe ri-moJ.Iing efT.-ri in silt and .-lay soilainto or through whinh piU? 
wv driven and to,-linm«U- the b-atve |.fr,.el of Hr- pile dbplan nwnt, there has mwntly 

™- ‘nm fen n.,. pv.]. 


pr LE mV N D ATI ON s 8^5 

Iwi'n fk'vflujjL'il by I bp limyinoiicl Coticn-tr PHi- CfimjiaJiy la Del mil n mptbcid cal^ 
Wet rciUin' pir-exca^Tilinn wliieh prraiiietw. In oilvuiw tlri viiig ti pile, m hole to medve 
the pile wbieb Is of ™bfllAtilinlly the mmv‘ i^h»pe ami rmcsw ieetion bj^ the pile fttid ia 




Fin. J5S. 'W ei rDlJiT>' tfTMXi'avsllon of pLl^ 


rirHeii to BubtitAniiftltv the «unr depth M to drive. The pib li then 

hiwefvd into the hole ind drivitEi home. This t-^ p-nrfirt.lly illualrate^i in fiA- 3B. W ater 
or ia pumped thivu^h hofu to ih*' lop d the pre^xenvalor drill ptetn wid di>wn 

thmiijch tbi! drill Plein where it eniergtw from potts Ln tbt‘ drill bit when? It mixe? with 
the mltin^, Thi^ upward veloeity of tb' fluid rrtuminR ouifido ibe dnll aLeni thmu«h 
the hole wriefl t|ie mittingp wilh it md ele&r* thi? boki of cuttings. Any fllrata which 
would oonnally mve ia an oim-o bole ari' kept in pk«^ by thi' hydraulic preiwiire exerted 
















8 4 (j 


SOIL MECHAN[€s AND 


by ibL" fluill in thi* hnh* \ nnin uphI^t tbi- inftui-nn^ ri^ lJuit fltii*! pn^urr, In iiw 
Wall tnalorial nn- filled with the slurry mjitit-rial, fhtu pntvidinK n*laliv'i4y impperviciuj 
''^^TiJI i'aki»'' aKulnsi whirh thi* fluid pn-ssun-' n-a^ln. 

This wpt raliuy porst'Jiw'ftiinu luothijd of Itt^aLlitijc piW ha^ }ti^n tineci fci a ntn- 
sitie^mbh* in MicIi.h vh^ve tlit^ enpriia^ritiK obovo im^ntiDEit*ii li&vu 

berti fully and fJepf'odflhly dpTnnnst 

I^'ixun^ 39 the Elijitribtitii>n of rtn™.** fj^iui l|ie pile fn ihe ^ummiiiiinjc Kril 

flfirr tlk^ pile lutA been driven inP> ibu ground aiid is subjivM i^i a ilalie U'huL Part 

Ilf the loail jtdt-fl into the soil in I he fomi of tailgi'tirEnl f nlmiK tlte I'StlEv of the pale. 

TVse an- scuietitiii^ ealSeil "frielion^* ami srinM^iimes 

Thi- use i)f ibi^ wifni fririicm i^uiwys I hr idea that 

I hr* pEt(^ wnulij tty to slide ihjouEh tb*- sniL but ibis pnVtiably 

doiw not give a \}T**iRr idea of whai Impp^-ns, eepecially in (hi^ 
of rnhesive soil. Whecu'ver piUv pulli^ij ilUt (*f IJh' 
inound, ihf^y alEnor^t tnYariably «iiw up witli a ihia film of «nl 
htiekinK tn the sidw uf I by pilu. ThU irulimU^ thal ibn iwl- 
hi^uti lielweeri the pile and thi^ wni in Kn^ter tlkan ibe rolHwinn 
or rhr nheanng rtn-ogtb of slii- soil at & n;kiividy shun di»- 
laltre frxuu the pili^ MirfafL-. lii ipurh the fariEentiftt 

sln-Mtitd f ans di-lemune^J by tbe slowing n-sistano' cif thi^ mhI 
fti a vary olitan mm\ il u portabli' t|ud iJh- pile wituUl slidi^ 
thn.tugh fhe sand 3 Fo t hflT in r'!eiu;i i«iiie|s thew tAngi-inud 
might lje refemml to tiA frirlitm. 

AnutbiHr (MUi uF th\5 pih^ Irjad Mix's into tb- erdi at the piiinl nl 
the pile. This hi a cMit'el Uwitig pressure p on lb’ -mjaI Mim 
the piltt fHJiEit. If I he pile ip taix^islK ibe nnrtiukl proKsun^ n 
on thr.>n[|en of the pd^' has n v'ertieal rnmpan-iit n rdti^, when> 
F'lo. 39. r^fiaji distribu"^ ^ is the angle tif laper of (he piSe^ l^fatiy tesla on full^isi^l 
T-loji fFtKMj pllfl irj Boilp p4len^ tts Well as oo mcKleUn Juivo ili^niojiiLt ratiHl i hal the fiearing 
ett|iaHty ilf ibc! pie is rorisnii-ndjly uiePt'fiSed iM-raitHe nf ihi’ 
ffffi'et «:tf the tapr, hVlI-ndEi-tl hmi L-irte madi- <^ri im'ejist^'rinMt-lc piles that w+n- 
PArallei-sidtxl and on prerju^-cuuj-reie pihw that wfie tapen^d qt thij rale uf I io, in 4 ft, 
have indirated thal llrx’ tapi^n><| pihts werr afde to miry 25 tH-reent iiion- liaul per !V|unn^ 
fmpt of emlwJdisi surfatfo than ibe pwraJIrl-stdii^J pihrs, the Hotth-inents in twb tw being 
ul^Ual. 

in th.> i^'rti>rml case, (hi; equaliom uf (v|ijilibriuin Ftw tho pjk- lihutni in Fig. 3& wimltl In; 



P “ pA + tA + Sn Hh ^ 


in pfhirli A in tb‘ »n‘a nf Itn- |,ik< puini, .S islhi- tirtaJ iniFp^iUni puifncp of ihi' [tile. bihI 
p. <, Bnd n forrra. ppr unii nf atra. If thi- pili> j» ^ lunl pin ^ an' wrn, 

POfhat (inly flu* I nitd p fomwi*swt. Thi* oilsiilatlud (jf fhi* innsnitudts of ihiwt! df(Tfn;nt 
n>tnpo»*nln of Mirth n?i»t.4tiuiw i* H Btutirally iinli-lPtmilialr titobli-m. If IP full jmwljti* 
by thi* iufthncla of static t« ik'tcrniin.* ln.w miifh id I In' tniuJ is earri«J by the 

ruiint of Ihc iHk aticl hoir niui'li in riuTwi hy Ihi* rtik. In midition, it i« not ktitmii jitut 
how thi* tMiKi'iitial aiiil nnmuil foftop ant iliulrihuntl alunf^ thit Ictifslh of the pik*. Ar- 
M}nJinKl>% Ibi* pmbli*m uf {loti-riiiininit tho nrtyintc minucity niniiut ht* readily milvcd 
by mathematirad ^Uilyws. 

Piku an* urtiaily claadfiiil as frictlw pHux or iHjitild,«inng jiili» lU'pcmlitijt on whi-tbi-r 
tjuy derive tht>ir ptincipia support front friction tw nboar aking Ihnir sitlM or whether 
they arc mipporfed altmjpt entirtdy at thrir points by direct ipjaiinii ou hanJpah, Kmve! 
nr rtick. 
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PEUE EOtJ\»ATION*S 

Load Testa on Pilas. Due uujlbncl fdi- tleU'rmioiiiK the hroriitjf mjiwhy of piiri> 
is by mii«fiK nf s utatie-hwi trtl. Tiu' nwnmr in wliit'h the t«rt tf imiiall.v rewtle is illui^ 
miM] in Fig. A suimbk* jilatfnmi i» hBbuK'rtl tm the H'*'* *1"' ‘'tSfP-'* "Jf 

pitttrwm ftur puppnrtitl by tttnponM^' srihs ajwi wtiijsii* to pre™m tlie pintfuriu frojui 
mtiiig. Thi- rii*' id thi- miMnls.’ft* rtfiuintl to «u[iport ihp iiLutform will di'ix'iul on tin- 
amaiuit of Iht* issl hmil. Fw lonils up to about 100 toiui. m pair nf IS* or l^in, 1 Is-iinis 
about J5 ft long an- mtiiifflelofy for tho botloro support anil sis or eigbt ]2-ln. by^JZ-ia. 
tiinbem 15 ft long Till suwjort tbs |Jiilfomi itself. WTuti ibo kwling i* done mtb wnd 



Fm. dl>, PLle-!(»d-teot platform. 


or other l>ulk mHlcrinl sliio well' must iw built on top of the plntrorai am) aoturvly tutd 
tcgylhor. If pig Irtin or some similar iimtoiiid is umsl for InnJing, no boi is UL’tossify 

lici:au.'>4' ihr lottil is (dmply iilbtl up on the plntforro. ^ * i j i 

Eti'fon? thi- plfltfonn is plunsJ in ptwlion. tbe pile hr.ml is L-ut oil Icvrl ami li sUs-l 
pinto jitioul 2 in. tbirk with a a-in.-tlLitmi-ti'r hole tn the wnli-r is plansi on ibii pile h™i- 
In onli'r limt wtHi'mimt ruuiinRs miiy he tjikni with n Invt-I rml, a *Hnrt rtkl or Imlt is 
st‘l in a wniml ptsiitiuti in the itIUt liitul. If the test is In-ing madi- on n wi^hm pthv it 
is riiHtonuiTy to nm- n Ug smw fi.r this purptwo, For s ponrn-te-pih* twit, tbo tisiwl pro- 
fwluru is loembod « shcKt picet' of Hnnfiin.-iii|; md in ihi- pile henil. . , , i 

bole must is- hft III the pbtform diiwlly nliovo the idle hrud » that the level rod 
ran M un tb’ bolt it. itu- pile heiol. If lb- lomiing b btdiig dom; with bulk matemh surh 
at smml, a nw-lnl tuiw or a wissh-ii Iws mtisl l» plnei-tl upright In the renter of the plat¬ 
form to pi-rmil thi- ti-vi-1 rod to Is: inuw*! through lb- bulk mnterial down to tbi pile 
hrwJ-s 

The kwd is aptibsJ in inm’mstils of nbout Wtons enrh, and time is allowt^ hwtw^n 
loud inen-im-nts for the pile to conn- to rwl. Inurusilately b-fon? and itnra^wti-ly after 
i-wh load inm-ment is nppllisJ, mreful level readings are made in delemiiie tto “bva- 
lioii of tbf pile head. At Inwt t wo solid biieb marLs should bo wrlaljlished wjlhm W w 
Itn ft of lb- twt pile, and tbi level rt-adiriict on lb- pile hend should b- referred to these 
Is-ttch marks, WTm n the lest is eomplEted and the pile is b-ing unlcwik-il, level n-adings 
UTL' iJikoD to dot^nnipe tbd AmuiiTit of tcbouTicI- 
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BOIL MEClfANlCS AKD FOUNDATION!! 


It cuBtomaiy m butklmg codtr# to n.'^uirv il tiatl IihuI to twin'; tht- pniipcii^il 
irorking Ifwi- Thi* pili^ mmx support tht* foil tt-wi liwl nl IhrisI 24 hr iriihoul wtltp- 
irK-nt, and the miutimum allowable n.^lt k^juuut aflur dHliicUon of rt'hound miwt mil ni- 
««J (lOl in. per ton nC iwt IouaI. 

The loa^k anrl firttln^uK-nl-B of the pSlu ant nji-a^unNJ and rceorded^ and the nVidia an? 
plaited in the form of a kn^l'Tiell lenient mtve m ahown in Fin 41. [jind Icwta tiaiiaily 
produn^ a NHtlpme>nt eurvi.* and a n^fcnjnnd curve aaet m is ill rated by ihp aolid line 

iu thf» liKun*. From I he rvifullB of itueh a teal, 
il will bekaoan ibal I hi’ pile wilt have a safety 
faeturof 2 \l a w^orkiitj? load amuLiTHing (o Pi* 
applied to thi’ pill’ after a Ftnaa^ul 
Lip til a load of 2i* liii# laH'jL niitdi'. The in- 
foniiatioji tliflt eannoE la* olitaioial from aneh 
a liv^t k I he failure hiad of the pile- Flirther- 
luciru. the nal farlor of safety iinkmiu^n 
when I he woTicin^ kiad /* w applii.Ml. All that 
h known aljout ihi;^ safety farli3r la ihal it bi at 
k-aal 2. 

The dot led t!urv€ Iti FiE, 4l iihtiwjt whut 
the load^’ltlrimpnt curve miphE look like ii 
The ktit toad niiEht be i^urriwi up to 3/' or 4f ^ 
before failure would OFCijr+ and I lie pile would wllle eoEitinuoin^ly wllhoui the addition 
of any more IcmwI. A lart^e perecjiUkici* of the pile-lcHid that have bw*» made in the 
fwwt wert' rtwnh^ on the harie flf appU ins I wire llie wnrkinK kjad. Sueli a X^l delermim^ 
llie furl thuT Hie snfeiy farlor w al least 5J, althiHiKh it miEht i» as mEieh 3 or 4. It 
taki^ exlra time anti eAlm unaiei to earr>^ a load te>ii to failun*, hut it is worth 

whiJc In do Ehlu wheriever powibte. A.^M :i^|a>eiliealinn Dl l43^ftnT prnvidtw a wltt^ 
factory ]^de to making >urh pite^lcuMl li^^ttu 

Section 73lk3 nf liie C'lty of fh'-linit OfliL''ial Lkiildm^ Code jvprentints the moat mudern 
fWluirententa for determininK tlm desiim pile loadiiiE from idle-load and tliat ma- 

lion of lhi‘ cotie ire lica* reproductoL 

"^ity of Dfltroit O^fial BuOdLag Cole 

“739.3. Approied Teal Load. V\7K’n ihr safe la-jiriiiK value of anv pik is in doubt, 
or wltcn «n?alcr loaii^ |Wf pile than perraitlL-d by motion 7311.2 are dmrtd in the fllje^rno' 
of h:irtii teflt data mttwfaclory to thi* huildiriK offlirial, al k^t one (1) teat pile ahall La* 
liriven in earh urea «f unifumi foanifalioti maleruils and tliu pdle shall be EfTHid tested 
in aeconlance with the pTW.*durv for such ti^ta riled in A|a|M*niiix IL 'Hie total leut 
load shall Im al leaiPl twice the dwltpi load and al tcaiit sutEeknl to pr^>vide one of tfu- 
followtOE three delrrmitiatjons whieh i.-i the most repr^*nlative timler the eabllaE rorw 
ditiom in tlkr otHiiion tiie hnihliii}!; ulhrinL 

“tD ’Tia* yield value or t«id at which prof^i^Ve jif'ttlefiieol oreure, an defermirirtl 
by extrapoialiun rd the raUn of settlemenl for wieli load ineremant. 

*•{2} Tlie bad carried at a sptibnwnl efiual to I he rm^u^i eliu-tb deforiiiaticin or 
n^bouml. 

“(3) The Tvpetiljve Ifwl ul which theire is no furthi^r pormaiieiil didornuiUou or al 
which llw rrlsaund apprrtacliea uin- handniHl (1003 percent of th^ setHement mea^oired 
ftpr that loaiL fti-pelitive IwdinR eyciew will lutiuilly be ref|uirisJ only under conditions 
in which the delerminaliociM under fl3 b±il| (2) are inadcquaE«. 

'•Subject to the proviaiona of wfclion 73lb4. the load shall he not rnonr than one- 
half iH} of thecar^Hdly of the pib reautLinR from the load teat and defined by iho aslected 
one or by the average of the three determirLatlonii namod aboTO. 



Fio. 4 J. I^oad-H’t HemtOt curve from pile 
tHfil 


the U>4t loatl were increuHNi above 2f*. 
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•Mu the HjtwN^iun-nt driving of thp bnliiiicv tt ihe foundation pilp» In etirh nrm, ntid 
to ih^ provijdGiu* of j^tinii rI i mIiaII in- io havf h Kipporting 

c^jiaeity rfuml 1 j> ilio tfat pilr wh^n ifte mte of portotmtion of wjnh pilt-# ib ociuttl to or 
\vi# lluin ibul of the ttw-i jiilo ihruugli ei rofoporRljh? dritim iiwtiuire+ the teat 

pile w one of b gioup ol prilrw ilriveii through nmtoriiil& «jbjert to djjqilaoemmt or Hliift, 
the pru^LMOiu of fwtion 737Klil slmll huve bt^n nwL 

■'NoU?: Tho pnxv^iure to i»' pns*erilped for pile load t™t* in AjifiemLK D will bt? 
ACTM Spedfienttnn 1)1 na^>T smppli un nted b> Ihe Ii»1h]wuig provwioiiii: 

•^Vcrticul land fliftll Ik* ii|3phi>il in the pile by iiitrtii,* of ii hyilraiilic jBek eftwjjfied with 
B nH?enlly omlihrRted jirTwiire liuge, the refletjoti load biiug wqp|di«l in a<wordon<w with 
^RarugtnpliB 3(b) nr 3(c)^ 

’^iwllletnenb^ bIuiII be meu^utx'd by a dial gHK*' in atvordjnire with pamgmph 4(c)* 

"Tin* application ol locul iiirn'ioente shall folba^ the nltfmwtc tiiclhod ppwified In 
iMirikgmph 5Clj)p wdiieli proviih^ for iuod inecroiPOLs at constant tinw' iiitervak* 

"Thi* fcdiowing shall Ik- mldv^d to pamgruph hiv}: MJnriftj; llw uuilmdiuii cyclcp the 
Spreifird Itwid iWn-nieiits sball l»e applietl at coiifitatit lime i[itenfalH corresponding to 
thcHH* i|t^ in ihc loading ryele, iimluding n final rebotind meaHiiFPtnent after twenty- 
four (34) honir at aero local-* 

To delenniriip llie thiirt^ erileria of pile rapneity rrj*uliiiig fpcini the land tcsi*. the test 
re*u!bi are u-Mnnilly [dottiLil a# shnan In Pig. 42, 



Time ta minufci 
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&OEL M£C!NAMeB ANI> FtJfX UATIONS 


SiheIc Piles uid PUfl Groujis. U'hfn d riiiitlt? pik- k Uriv^'n intft thi? mid 

tp an ext^riud iitif' vortical pre^Hun^ a* pkiiie erf tlie piU^ point in up- 
prnximaudy tm nho^'n hi Fij(. 43«. TIh- iimAiiiLUiii pn^urr ocrurp undor ihf pile (mhht, 
and the pr^sun- dut-n-nHwi tij* ihp mdlal diaUinix* from tfir piSi* inrri'aiH'?*. 
rf'prt^nti* a group of piliw with the jm-rtiun* dhiiriburtnu thnt jimbaljly midir 

fOirb H grciup. llae prrssiirr under the pik* jcrwup j|s rnm^HHUidH by f^inple Miifn^rptw^ 
tiem of dip ^KMf- liiHtribuUoni^ iinEier Lueli individiuii piir. Tlu^ m=ull is ji krgi^ (Innii'- 
r^bape-H-J -trew rturfurL* with ilie miLmututi r^ireAi nmtrr the rviilif pi] 4 -. Thr pn-^un^ 
under die ttmter pile trf the groap would be efiin^jdembly grenier tbnri the pt^wuri^ undi-r 
a Finglf pUe. 

ir thifl priiieiple «rf .HiijMirpiiciitinn irf were vnlisb and if ibb- ^-Itli nient^ <rf The 

vnrium' pilw uf llu- groLip were preprjrtiotijil to Uie iiiuniHjintelv die pili^ 

ptjinTs, the renter pile in Vi^. 4^^^ would lurve to stUle eomtirlembly m^ire duiii ibi 
fiutidde plli-^. Mewt pale of thim kind un« i-np^Kd wish a n-iairnti-ixl i‘onf n;ti- fool- 

iiiiC whieli v- pruedejilly rijpd in erjmjhitiMara with the ifoil nirri>uridiihg Him pik^. T}\v 
ri^uh if< I hot the pile hemlii nm n-iurtjined mi tbii the wiElement of olf the pili-g nf the 
group wnuhl have to h- ailxiut ibe *ime. Tlai-t restmint i-jiljpwi a reudjn.^tnTeiil of SIm^ 
prwun*^ under die p^iinln of the pilei* in the grriuss. TJr' effei i of tbe riirid footing h*. 
to n-^fuee the s^rei^uji' under the n-nter siile and lo iurrejote She pn^^^un^ under She imt- 
dde fiilM iKi fti* to equftlaae (lie Mill Udow she pile jEroup. Tin* nmxinium pn-^ 

Hure nndiT the jfroup ie grenSt r thnn Uiat undiT (bi^ Mitigh* pile but pot m^eifw-urily ni 
iiTLirh iicrt^it'r )u> iit iixlirinivij in Fin. 43. 

TJiv WHIP priiiriplp npiilum (m 4 in pfnin' ^Iructiin' wliirh mislit lie t:up|>orti:ti on o 
whnli> «-rii^ tif pilp KT^^upK. A furlcrj- i.iliinllEiK an (llui.lm<«J in Up. 44n 

would in- faiii[i|irutivi>ly fltsibUt, am| it niiiltif U- ituppiirlf-E L ..rt a pile foun, !nt iiili wtfli 
rnlumiu^ In or 31 ft <i|| itiiPti.. 'nil- ron)|>nuiiiIiij |f of <| ri'wt'ii ii) tlji- u [iLlpn^roiimJ fKinb 
ibi- vnrtuUB pilp Bfoup. would imiii’ato that siifb H IvuiiiiliiB shfflitfl in t|»p form of n 

MiuwMihjtfw^f Eh-piiTO«it)ii wit.li tlm nmxmiujii wtil.-mriit in (tn- li-utpr of tJip huiliiinit 
RiM-niiHt- of Uip flewhiUty of iho iftniolure. M<tllp(m>iit of Our lyjjo woul.l arlimlly laki- 
Rin«- 1 ]«- hU|H>mtruptun‘ wmiW hpjnl coiupnmtivuly PdRiK to fu iln- dpiloption of 
tiuf BOil. Fiisuo.' 44i n-IXTCM-ntp n n^nfon'xd mfipn't,- Rraici plpvator wliii-h in pmriioilly 
rigid. Surh a Hlrui-lun* would lull In- nhU- to }m.,hI ai„l rpcO.' ill ihr fonil of a Mujr<>r- 
Hhapod •ii-pn-^toii. btaiuni' of ilc rijEiiiiiy, » nini. lnn- of OdH kind would \mvr to m-0|i> 
HU n unit with t In- uiidi'Mtlrh- of t In- hiujirhitiou n'inni ni ng prat't iml h- ijIiltw. TIu'it' would 
Own-for' be u redutriliutiou of |iri«iiuti> nniier tlii> pile iwiinlR with a lonth-iiry to rolii-vi' 
iho ppiHRun- under itie middle pilw ntid to iiirnauR- the |in-i*JMjri‘ on llii> ijJtnide pilrw. 
The mitiiro of the M-itk-nii'iil in nol «;milrolliRj imtindy by the imil or the pihw, Tlie 
rigidily or luek of rigidity of the atrurtute hjw im itn|inrtjllit iiLllitenei:' on the ofiHmr'ter 
uf Ihe erl lleloelil. 

VatiiHl* thitm-tleal ruh^ have iMi-n piojKwai fof um- 1,^ if,,. d(.rti(£n of filli- |o-ou|is. 
,Some on? inletidwl in ronlrol the eiuieing of the pi I™ w hile oifim iinmde for fedueiiiiii.* 
of |)ile Uwib di'fwmliiig on the iii»f of ihr groiip. ^o^ll■ ofihe-ie mhiR i» eiiliwJy Kalh.- 
fortoT)- iiTid in many iluieii, inpeeinlly lor JatRi- tuft ffHjmklifiiiR, ifiev Rivp Ti'suitr Ifuil 
iin> ofteii e.iiitrury to eK|*rietir.* And POtiiitirnei. alieiird, Kviai with pile KTOUIe. of 
onilimry wie. rueh lo. 34 or 25 irlleii, the elReiPney fortnuhie for pile e^iai inp or loaij iv 
du«tlOII» lead to fesultr tlmt rotifliel with iiietiinih. which have Iwa-n ItWtl rUree^sfully 
for nmny ywirw. Ituildixii; eo.Je|i U.<unl]y reqiiin.. * ftfi|,.r-T(na-iiler Kpiiriliif of twii^ 
ihc pile diameter with h minimum npucihg of ^ in. I'mier .<ome iRuiiditinnn it 

ir drainilile lo iorreuie ihi’ renter-KHreuter eiineiui; irf Ihe pile.*, but xpurinipi itrvnti'r 
Ihnii 3 ft fw mdiojiry footinip or itreater llmii 1 to 3 fi for ntft founiklimie tin> tiin-lv 
UmtI. The piirimtw of the throretieul rurtiillinjt for hierejiMvl utineiau or fur pile-lonil 
mhieliniie b. to Pi-fllre jv-ltlrmenlr when tin- nih'K fttr . j Ihe (.v,r. whieli derive iheir 
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Fiq. Priwiirr dNfJhultoii bcUrnw pOf ixpinti 



FlexiW? sufKfstruchjre pnrf scHfes 







Rigid supCT^hvdiJTe «|Ultiiei iciE prtSSjrt ^Dd sc fKpi wWwt iwrpirhj 
Km, 44. tif itttffiHWfrf -iiiftmlnii-turf. 
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piinripAl npneity fronfc rnt^tion ijnritan pilr*) uietpiid of thn ts-pn wludi di-rive Jheir 
prindlml tiipacUy fmm the pejieLrutimi erf their points lo or into hoiH ktouiwI (pmni 
hearing) or when the pile points Hit tioderliiiti witli strata isf scrfl poil, Kottever, flip 
praciirat and HMjnomical solutkin lor sucih soil pcmdltkoiu is to iflereaw the piSe IrtiRthei 
and drive the piles do^-n until the pi3e pointa reach hiuil not underlain with 

strata erf softer soil 

Horixootil Forces and Batter PUeL Sotortliiiff* pile raundationi are umhI under a 
stnjrtuiT ihftl is subjeeliNJ to estenml horiiontal forcei, mid aueli foundations must In- 



FpiJi 4 &. foundation ai|hip«H^ to tMirlKail si ( 01 % 


deniipipd lo reetiat overtarning and sliiliri^ A itrueture of this kind is the tall brick 
rtiktiuipy illustrated in Fig. 4i>. The overah dinu-nsinn# of the chimney ari' shown Ln 
the and the phininey Tvsla on a rtuiforped rfjorppte foundjitkao supporled by 

piliiiK- The maxiniuni nllDa^afcde load pile is aif^tnued to be ^ toru>. 

Sueh a ehimney with its founilatian wfHild weigh apprM^ixJmalely &00 tons. Umler full 
wind Iliad a hnriannl-iil fnrep H is applied to ihe center of Kjavily nf the etevnljort 
of the pliihitkv>' shaft. T}w. toUil wind foreep at a unit ptessum irf Ui jmt M| ft on ihe 
projected a«a of iho phimrwyv would auiuutit ti> 20.2^ tons. Ttie prujH'^ieil an*a of the 
chimney is a triipetoiiip luiU Ihe levcT iirm L erf fJie rctrultaiit wind prej^ure is ft 
mrasured from ttw base of the elilnuiry nfiaiL Since the ehimney I# on a eonerele mat 
4 ft in. thick p tin? told lever arm of ibe wrind prcraiim dwve (hr pile heads Is 73.3 ft 
and the overturning moment M ti lp4S5 ft-tona. The horizontd wind force is cdtnhbed 
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willi the i|piul kuitl ioto b nwuli force ilf, whirli n»lB tbe tmee of the ehimncy footitiK nt 

H diituiiT of 2M fl from the vprtjrall JtxiH of the cLimiipy phiift, 

Thr nunifH'i' aikd arrani^'nii'fiL id pdi-f^ uiidi r Biicb a. thinuRy fourHlntiuti b dut^niiicuKl 
by A cyt-aod-try HknliiuLriSy, thi> wvi^hl of thi^ i^hiiuney for nboyt 

had of ibt^ iiiimiiiiirii Itwi on ihi' pili-i- whirh mtr yauitlly HiTAn>^ m & !!\TOitkPtri.cid 
ni'rnv^ I'itlhT fin imnn'tit rii? rirplrf* em* *fliowri in Vig. -IBc ni" in rH>nu- symnudricaJ arTah#^*- 
Tfwtit in each of I lie eiijKl »f iteKn^n- 

ta iiitirr to rdruintf? thu masiniyiii jiib loaJ that ocenre under fult wind tcmd, it » 
td detornsine I hi^ niouDi-n! oF itiertia of the \nhf i;njap. Thk is ddiio by 
(ml If icnlative arningi'nu'nt of pilots and ihrtt twaliriiE the diataJicv from eaph pile td the 
of the fdimdation. Ri'brring to Hk db>tjuicM- of pile A from tho A' ax\a 

lA ^“pr^N^enbd by -iiiid I be coutribulicHn of pile A to thi' mroini'nt of inert ia-iiboiit X-^X 
ip DUO pile mykipliLd by (he Aiiimre of ib- diatanee y. The td[|d luoraent of inertia 
About X-X ffHiiid by eumniiEiK up the total uinntjtfr of ^\]k^ «uih tnnltiplicd by the 
(K|Liaro of It# dietajice frura the A" axL#. 

F«f the tMl<^ iiTran|i!E!iiu-iit In Fig. -15c, it u po^ibk- to conipUte the moiabnt ol 

iUirtiA of tbj^ pde ppoop with fluffic-ieiit accuntry by a eompwlwt eoau-r protes*. For a 
rcymtni^Lrical figure the poljir moment of inrrtm ahoui An aal-i through tht- e(!iiler of the 
fiRurc and ptjrpemlicular U> the pla^' of the papir k etpial to the jhjbi of the JiiotuenUi 
ofiiu-rtia Af™t the X and V iiae«. The pile Amng^ nwnl in Fig. 45f h not perfcetly 
#ymTin‘lrii-al with rwiiert to the *V and Y thure are four piW oi^nle™i on thn- 

X ujtia, vlu'tT?a# then' niv nlx piles oo the T asb. Howi'wr, the iralcukliuu will bo 
surticienllv mxiitAU il thi' polar mominl of inertia b ealrubUKl and then divided in 
half to (pW the moment at Licrtia aboul tb> X asirt. The computation of the polar 
moment of inertia ta as falluw#.: 

4 pih^H At 3' X a - ^ 

14 pik># al 7 X 7 - m 

20 pile# ai IIF X iO* -* 2,000 

m pill'# - S.?22 

rhe momeot nl imrlb of the pile group about iht- X w then appmsimaUdy half 
Ilf the jRi^ar moment of iiwrtia, or IpSlU- 

Fnr piU^^load mlciilatiun it I# nen-viary to use the section modnluif S df the pih^ 
group, whieh b ttimply tbe moinenl id irw'flla divided by the dwtance td ihe dutertnost 
pile. This \i analoKOtw to tin' E^ase of a beam aubject(%l to bending in whieh the hinmenl 
of inertia of the ctes® iJcctien of llie b^am b dividid by ibe iJbtanCT the extrema fiber 
in onier to gi't the section modulus, 

Thd ouxiiDiiin pEld load W b cJelermiodd by tho furmula 



It b iirt-n from thb equation that tin' piJea pt IchwI from two source#. Une pou™ b 
the dead wwighl c(f the chimney W. The other source b lln- overliirmng moment 3f 
due to frintL The weight }V b dividini by the nuiulwr of piles .V, and ihe wiml moment 
.V is div ided by thi’ secUdU mi niulns S of the pik «rtmp. Thu use of the plit.-^ sigEi \n the 
(NiuatidM givEs tb- mBiimum load du the ouierrmwt pile on tin; tix ward side. The minus 
sign givM tin? Dunirauin toad on tb" oiiK^rmust pik on the winiiward side, hor ihi* 
chimney, the maximum idle lomi b +24.1 Ions and the minimum pile kvad b +2.3 ions. 
Bdth am poftitive quahtltm which imiicalnE thnl the piles art Ln compniOsiDn on both 
Sidra of ihe chimney under full wind hwd atid that there b no uplift tm iho wiiKiword 
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acHL MECHANIC'S AND FUt.NDATlONS 


Ftdr. Thi* |)i3L-Ei>jui mlriiiEHLirin ptioH? thitt it u ta deK^nnim^ ibc uppirniiruilr 

nuEiilHit fif pilce i>y liividinij; iIh* wfij^ht H' hy half of tin- pik- UhvI, TV two 

tvrm.* nn tht^ right-h&iid ni<it at i hr pih^hiftU i-^iuatioEi tm- apiirnKimutely etiuaS. U 
they exactly wiiittl thr niiniiutun Uwil «H ibt^ H tiidwanl Adi^ wnuM Thi- 

pili^ divJj^ti IS alwayi* worktal iWil in *mh ft way an eq [viiw a ^mull poshivt^ toaiJ on the 
QuCermiii^t frih] oil the WlEKlward Kltle. 

Fipjrt' 45* i* all i^nlarg*^ ^kereh ijf lEie of tb' rMmni'v aiwl tlii^ eliimnry footiiiKL 
Thr- mRlItaJit R eut^: the »t n p' fnmi ih*' vertiral axe<. Thb* nvultaiil 

ran Iw kiiLii tWk? «3fripf>nrritJPK li'^ and //', whkh ai\- applitui at ih^^ plane cjf the 

pile b^a^lw and lue k^qunl Co and n^^ijf^edvely, Tb' twntririty IC ai-niiuikta for 
ibe tUfferenCT' in pile IowAb f>n the tm* oppcsilo nC ihk' chirnnH-y. Tb^ form It ia 

an exIeiTOl hnritontnl forpi' prrHjijci‘i:l liy tb' wiimI and Hindi fui exli^rruil fnm* ha^ t+i 
b‘ iT^iti^l hy an exterikul n^rtlon. In the eain? nf ihin rhimney foundation, jwune 
external hnnz^kiital n^aclioti inlgllt la- furiliabMl liy tV form W'hiclk in I tie i^rCh 

However, i!n’ mrth atviiiiid thi- rliitnth'y might be Ioom- haekhll. which could 
nnt be munlrd psfi lo pni>vtde any Ft'rtction. In Hueh a ea^- all the rKtenial f<hm- H* 
would have lu la'’ n^Ftinl by i^hi'iiLr tf in the pik- hi'ail^- Sirici- ihe force U’ L^{»i|iial ts^ II^ 
or 211-25 tona^ and aliici- them are '3St pdkf) in I he tddiuney fouiMJatioti;, the avemge hort- 
xnnhU ^hi^'ar in iht' pile U aJioul hOtiS lb per pik. Thb bt nut a very heavy load 

tn apply Co the hi::iul nf a pile thul ia ct>mph4di!ly ejnljeiJi.liaJ in I he j^t^vund. AliiiKit any 
IcEnd of pill* rtiixiJ aafely n-T^int that iiiurh huriKotilai ikniM at tlu' |iilr heaiJi. 

The irnpcnlaiit thing in conneetloEi wdth the diidgEi of thb rhiiximw fuLiodat.iun Li llim- 
fflet that the dt't^igOi in conlmili-cl almopt fEitin-ly by the overt timing moniH'ni dui^ m 
the wind. The ^hear in t.he pile heaiL- b nrki very largt^ la-rall^e of the niiml'KT of pilea 
lhal an" mi^uind to n^iH‘1 thi- o^aorliirnine moiiierU. T'ht" ile^tji^ii in similar to that of a 
long la^ani ill which ^VdtvigEi b controik'ii largely hy the iK'nding miunii'n.l nilhi-r than 
hy the s^hiar. Tlbe eliimm^v fouTi^latii>n ih i"imiparatively nafe agBin.-'<t nlidinR w-hen a 
“uflicient nnmhcr of jiih'r* ir lir^ai to rmbt eV overtiirning moment . 

hh>caiini' wdnd furn? kvpei'iuUy tlum^ n^ultinR from hij^h wiinifi <ir guHttii an- <if nliorl 
durtiticpn, htiilditLg cotln-fi laiually give them .Hpf>E;iiil ln"al.iTunii by proviiJiiig that, for 
eomhintHJ aCrvna'ft^ ilui- to wind h'^nl tnugi^Eher with diml am! live and HtakW kimlH, the 
allnwahle Working j^trrKK ffJT thi- Htruelurnl maU^rial in the frame of a builHJirig or a j^true- 
tun* ntay la- inemaja-d ptirn^nt, with thr priiviainti lliat the miiulting rt-etion nJiiill 
iiv rompnreiil with that requin^d for lih^n^l uiid live and .>«now loEub only and tike section 
of gn'ali'St Hlrvngth uHtNi; mitl funlier Chatp when the KtreMi ilw to winti is IltjW lliaii om- 
thii-d of thr *iuE^ to E|ead pimt livn‘ pluA Hinw hxirb, the wind ntre^ may be neglected. 
[X'pendent on ctmim^ianet’.H iwhieli Mhm-ild have thnrtitigh etiEkHidernliiml^ aona-thiEig 
nf tlfe lyillli' noli ran often be dotw in itu' dv-dgn of fouiuliitiotu;. 

HowiL-ver^ Eb*n« are Crther typ^-jt uf !HtniE!tE|Pr^ tbtt an^ allhjeDtefl tci horixonlal forc»^ 
In wblrli Hituaticin with n^jM i t Ee umrtnmliig nod Hliding b mvcrBed fnim tbw in a 
chimTH-y foLmdalion. Such a ^^t^uettLre Iti iilq.-itnittHi in Kipt. 40. It mo.^ifiia nf n ifftin 
ami n pa**" >ck a river lad, ub rhrkwik in Fig. M'm. Tln^ middle wall l.ieEw-4.x^n 

the iockn would b? Hiihj^-elcxl to* lnr(^- hnrixriEstal ihruttit if Lm'k I wi're wiih water 
to the u-vel H>r like upper pool w^hlh* Ii<icl£ 2 Viwi fllk'tl wrii h water only lo the level of lb? 
lower jKakl. A ernw ri>etion of the middlti wnli i Miction A~jU b ^lloWil in tlgL 40, nnri a 
plan of tb’ wall b mhuwn in Fig. 4(^. The ilim^-ndoni^ of the rtruetum arw rhew^n in the 
hgun-fi- 

The erl nictutv w piibjecteil to a thriL-l R from tb- u|qa-r |juid and a inutdi HUialler l.lirti.Hl 
/■*' Trunk tV lower pool The diffeit'tice bHwmn tht-R- b a huriiontal t|injj«t //^ lending 
to overlurEi tv wall anil ininh it Kward i V left. Thr arrangiL'iiii^kit of IV piling anJer 
the wall b l^bown in FIb- 4fjb. Then- an- iFevi^n pnrallt:-] linee of pilen cpamd 9 ft on 
ci-nterp eaek nay. TKl" maximum alhiwahk" knul pt'r pik b ai^uiniaJ lo V^ 3CI toiia. 


PILE POUNNATIONS 
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Fig, 4^, PiSf fcHimlntli^h jiuhj«xrt<^ U> liftHanntiJ forru. 


tb- fow» tit pili^ aertsft* I he wa3l arc nti S-f t ct^-ritt n-, it ij iv-re«^wr l« (Tmiimle ihr^ 
pill- kioulH oEi the hiud.^ iif a. at vail rbit uh ^ fi ihiek. Etu'h ^ fl at w»li 5iiipp«?rii>4| 
bv Ji ITiW i>f wvpn pilel'i, li3 if- by (lie iMTtion jn FiRr 

Negkrtinis ptiFmbSe hyfInwiAtir uplift, (he weif^hl (jf :A ft iif waiJ anHuuitf Icj 274,my 
lb. The!* hpriiontai tbruft on 3 ft nf wll h 50,ti25 ll\ aftil lb' uveri uniinK niomcGi on 
3 ft of wall if 42.\250 ft-lk Fnr ihia ftructu rv^ il if Jilv> ntwwaiy^ to coiuptite the nioineui 
of inertia of otiv row of piW tt.b>ijl lb' tenter liEie of tin* W'lill, althougjb in ihiai 
compulAticn if itiueh easier than in the cafe of ihi' chimney. The n^nter pib of tb' row 
uf ivven piti'* if on ibc center line of the waJl w |hut it c|cm«i nni i^intribtile to ibe moniL-iit 
of incitb^ Thi- <nhf:r aik pilefl in tk' w-w lutw a monienl of iiwrtia lutioimdiiit to 252. 
The Mctkin inottuJuf of thn pile ^nmp if tlu‘ mnnient of iiiertia divitled by tbe distancv? 
to ibe outcrmoeit pile, anii in thbi cti*? serlion imkloliw if 2!^ 

Tlae pik* Joflfl if comfkitcd frotn ibe nanii' fomnila a* tun'd for tb' ehimnpyi For thik 
structun-, the th'ari InaJ conlribule* I9.tt toniR to tho total pUe liWMl and ihe live \\ml Msn- 
tribute« 7.G tona. The tnnxitiiuni pile Inaii in +27.2 toof on tbs pile nt tb' kdi-hand onri 
of tbc! rowp anil the mlnlmuin iosutl i« +12.{} lrm» on tb; pale at the right-hand end of the 
nm* Tbw pik loaib are iMiib tkiuitivo, wbieb joi'iina thjil al] of the piU^ are nuhleclcd 
to ojmprenisiLin aJid then: » im uplift duo to the i.iv*i-rturning force. However, the hori- 
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Fiql 47- l^fflwEiuiii o^ VtfrUrjiJ plilM sub- 
jw«tecl to hnfifOntlll 


joiiIhJ jfhfc'nr in ihf pile hejicl« under thii ftrueliire imnunlB tu 7,232 Ih per pile^ Mid thw 
amount erf hnriicmtiU iUrmt may be danj{]C^roiip tteniRh ihv pill's are cumplelely 
ctnheddni in the i^round. 

The dfcffEjrefiK! bi^twpen rhimney foundalinii and ibe hick-w^l rtmnElatiun b rvMlily 
iinderflt4;»od ft dm tliejtt* cnleulfttiom. When I he ehimiiey foumlBlIuu lias been Je 4 >i^niMl 
m that it ia safe asolnfit owiluming, it ii oimoat eertainly aafi> aijuiiwt pJEdlng, keepiiii^ 
in nujiiJ the nbfirt dumtiQn of vnnd forces. Wlieti the Eack-nall fpmndntinn has been di*- 

aigm^l 50 tlmt it ia safe tiverlurii- 

iog, it b not m^einaadly safe a^insl sliilinit, 
keeping in mind llu^ bug duration of by- 
dmulie Forte*. Tk? lock wall le eoiniianihlo 
!« n deep I team on a very ulinn sjiuin trhen' 
the dejdgQ of tbe liemii b ofteTi eoiitnilEL-tiJ 
by phear mther tlum by }>4jiit.ljnR mouiL-fil. 
The pmbli^m n'pn.**t'al(s| by fig. Jli bn* 

Ikk’h the s(iib|etl of u ronwiltTable otnniiiEit 
of eiperimentation to delermiru' what lior- 
ixontai lotols tould indoly be npplh;d Eo the 
hi>fldfl of A'crticai pib** rnmpletely emlieddeHi 
in Acrfb This probbm lias also imti in- 
vesj-tigatiHl ttHHirelieiidy on the ItswLs of the 
stivefTil jiiuumpllocua mpresenl tnij in Flh„ 47. 
As jihowifc iri Fig. 47ti, il is rtmu times oss^nne^l Ehat the pile would pivot fttwui a (loint 
snim-wheri.' along its length * It i* evident that pib^ rould tHiliave in thi* nmnin r 
only if il wen* absoluEety rigid with nmpi'vi lo She sunounding #oil. nil |jiles ar\' 

Ib^hle to stime extent ^ mav I Handing nceur under she action of tb* horixonljtl 
force at the pile k ad due to the n-idstanci* of ihu NiimmndinR !teil. Another 
lion that has mude in the theoretical appnj^ieh to this problem is represented 
in Fig. 476.* fn this nvt-thod. it i* aanimiid thal the Lower end of the pib u eLaniprii in 
she t»oil and that the uppt-r end of tk pile would bend into a revi-rst> curve as whimn in 
she fignn\ A fbini niethiHl of appnjai hing ihe pfoblem is illiistrati'^l in Fig 47e+* In 
I his methixl it Ls asinimcii that She pile would be¬ 
have like a tsfwn dn an eUstic fouinlalion. The 
lbeur>' bads lo ihe eoneEkision that the pile wikuld 
tbfbet in the form iif a dampi^l rniie wave wiih 
tlie amplitude of the aave cben>-ioqng rapidly a* 
the lieprh inenettsed. 

Tin- theories that have bem pn>po*i?4l for 
analysing thin prohbm arc not reaily for gi'ih^ral 
im- in fmiiidatinn design. Sufficient eirpijri- 
iDiditaJ infonnatiim to chi*ck I be iheuricfl for 
vnrioua kindjt of piles and vnriiHur kindis of toil 
eonilitions b not yet availalihv Accordingly, 
whn'never the beoiis of piles ini’ to be Bubjifelivl 





Fio, +S. |iib. 


to horixontAl fnrrni of TMb$ciii‘u.{iv iw ig tiu' cow in KIr. 4 S, it ig 

gsjy to Iiw Iwitgr piJcfl, HoriitiiiLil forw*. MiKTunlinA to n fi'w hundii?rl pinjn<b< or. 4 I the 
rnocl. 1,000 ll> prr pil.*, nui luuslly b« rafi^y lo tin- btolg .if voiijcnl [Mh 4 < coni- 

pJelely embedded ti> Mil. For huwf horiiijnlhJ forw*, ilw vcrtiral |ii]i« cnmnA Ih- 
dependei ujwn to (>rovkli‘ mfiirient icgigtantT withnot esmudvc horitotitai ■novetnettl. 

I ot. Ck|*(!iic «| PUa^ JW. CaiiAmr. «. A«T 

«“• f?.**t*T:*' 5 i »»•- a. P, )JA IMA -V«W» «. a«l 

! fii""'' it*®'' PUw L«ilg.f twu. rrvu. ASCB, *aL 102, in. 5iS. I1l»7. 

® jf'Mf.l p. T?Vi 
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Fit$urv 4S irjjnwnt* a li&tti-r pi to whiE?h k ilrivi'ti ipfu tiui KnHind on a ^lope ImUwl 
of verUoiJly. The Ei^uEiip^ioD k utfLudEy thnt iEh^ pik driven on a ibpe ecpiild 

Tt*-akt ihu HinH> axial kuul that wcmkl be rL^«i>^!i?ti by a v'i'rtjrftl piie of the ^lue 
and «ii4* driven in In ihw raiiirp null. In I-Ik. the nshC lofl4 in P, ami thin aela at an 
0 with the vurtitiiiJ. ThJji ajcial liaul laav ha 4Jivii|e«{ inln hnrixnntal and veitirski 
t^^mptMiiinta an ahnwii in thk' nipirr, Thi" huninnlal r^mpc^FH'nl l{ prmvifleit thL" nmrtiDn 
for extenuLt hoHisijnliil fnrtwi apfihnl m the p|lE! hfi«ad^ fl teiM hr no(fd fAaJ, for ihr 9ifiiirr 
piit fi? ejfrttiWy fmtjif hon^ttinl €ompaHer \4 If irilh on rqmS nnd oppotttr rf^isianiiei, ihfre 
miuY bf a Oefikrti tampfMirrti V in rff££L ihr bn^ifr jrilr roM remJtf onlifin brrJ{^ 

lag jrijmYorl^ lu thr. veftirnl ptit^ in Fiq. 4^- 

The diw^fn of a -Wurturtt whirh k aabjeft«?d In esn^nwl h>:$ruconta! tnajit include 

a atudy of the problem of providing proper rTrat^ion* for these forew, A few ntnietures 
of this Icimi are ^diown in Fipi, -19, 50^ ami 49 repivmmU a biidj^ abutment 




¥ia. 411. Bri-iav ahutnwoi with bailor 

iiuhjeeted to a horiiontal thrust // dui; to an npfimaeh fill. Tbr effect of this thruct ia 
Id apply horiiontall shear at the pile hemk^ as lllujrtfatMl in H(C. f&fi. When these' hori- 
scmlid fthettrs are of niiy eiin#jiiferfthli* magniTude, it \n rustdmajfy to usn hatler piTes, as 
shown in Fig. 49b. 

fiOfi nepreiscisis a hlj^hway Tn»tk» HUpiwirti'd on pikw oxtemiin^ above the ground 
line, hhieh a Krueture might he htiilt armn a iitnran:i h'd, anti it might be subluoted 
to a hnri^ontal thniat ilm* to niwUng ine or othiT objrels piling up against lb-: I reatle 
on ihe upfUmam side- Hueh alrtirluni^ am ofti'fi sway-braewl, as shown in Fig. Sflej, but 
ihw awny hraring dcpc? not always pn>viiie proja^r rvsktanoLi against a lor^' horiiontal 
ihnist atirh as H* The sway hmrfng wilt all the piles in the bcnl to act togotb-r. 

However^ ninw fi is exb?mal to the istrLietufo, sohm' oxtenkal rt'aelion most bo prtiiviifi^l 
to tesirt fi. Thk esternal irartion is deiivcKl from the shearing mbitatice in the piles 
at ibe ground mirfuee. Wbm lb? force H i» of any eonfllderable m.-ignitmle, the trestle 
sliotild be designed with batter piles, as shown in Fig. 5496. 

Figure fiOr shows a nidi! view of a aimilar trrstlep whirh might be aubjertoEl to hori¬ 
zontal forces in a longitudinal direetion b'eause of the tnielivo effort of b'a^y vehicles 
on I he roRfiway. ^wny bmeing will b-lp to stahitixe the slmcture by tying the bcinia 
to|p-ib'r, but lb- eiteriml bjriauiitiil thnisls will pui #how in tb': piles al the grnuml 
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KriHilM Ilf bnltt'j- at a point ttiKive tist pIjiLfnmi, JUid tht linj^ b* drawn 

rbrnLiRh ihvm two q( intom?rtLrn!i. 

T\\v fnn^ liLunniAi at the riftht of the iiRkirL^ bi then ooiL^truf U^iJ gmphiejiLly by hul-iuh* 
of vhHuai»4 lliif!|i ciEi ihp T\y^ eonFEnietion \» ptarttnl hy ehoo^lii^ a force «"ji1e nn\\ 

tfn' dm Winn fhf the ftiirv trjnngEe ccHwiFthiK nf thi* V anrj // and iheir ni^HuLliijOt 

Hr TiirouKh the iKiint M nt the lowtfr k iiri of T, the line DD^ ilmwn luimlJel to 
li|ie Diy ^vn the other diaKram. Tho verEiral line A7^ diserniineif itw^ limd in the duniiiiy 
|Mie AA\ Tlie liiii^ iJntwn pumllE^I to the dtiminy piJp nml the lim- MQ \h 
drawji parallel to the dummy pile CC\ Tliw two lintHi interncvl at 'J'he lerti^li tjf 
the line A/Q deternilnew the totnl loftii in Lhn fmir hatter pil™ whieh utovarrl to the 
left^ rtfifl thn len^h of line determine the IntaK loud in the pek bai ler pili-* tlint 
upwant to the ri)?ht. TIse aieiumption w made that encli pite In each of the ihrw ffroupa 
lAoijijally loiidt‘«l, and the line A7^ \» thendnre divideil into four niuul pnrf«, tike lim- f*Q 
into nx Pftiinl purtj, and the lii>e MQ into four cf^un] jjarbt t« deiemiSrH- thi‘ hfeid pa-r pilop 
The fniir verlieal palpfl and the sbi batter pile# whieh flope ppwtinl In the rmhl are nmlrr 
rompretviaii, atisL the other four battar pllt-H iirr EqtbjfMi^IrHJ to teru^ioEk. 

Thw IF cmly wte of aeveml grapyc metJiOffp timl am hk jinnSy^P pile foLi.KSalioEkrt 
of thiF khiiL The Rtnphie aiialviti lf limit^'fi in nkww in which Ehi re am nol mckCf- than 
ihme fith" liihH-tloEiPr Wlim there are inonr' than three ihIp ilEnHdIoiiHk il in to 

r^Hopouiid tlk€! pile JCroiiprt Fo Eui to rwlu,^. the dinfetbuH to ihrk-e. MtifI of ihe jpanhie 
methEkdF have bnea in i»e for omoy yeans, and they am often rpfi^rml to la^ ajipro^Eiuk te 
melbcKlF in romFManiirkn with iiume of the elalKkmto alHebnilr metliE^rb diweloiF^l mom 
mseently, ' 

Fijiun? S 2 c illLiitlmlM a wluirf nUDi-Luri* wilS llw Katm' pjlf* urruit|;«mi 4 ]l H» Fik, ri2h. 
-pe fllgpbwir mrthodi. U«d to dok-rmiDf the piJe IwhL, «, thm- awuinnriutu. 

with iwfiwit Id tho Pnd eoiidiiiwu* of ihr piles. Tliwe swumptiwis, shown m the tm» uJ 
R* a2f. «ip (II pitm hini&d at boiii «ils. (S) pil™ hiinsed at ihe top hikI Hxnl ti% t!it> 
botiom, £3) pi cs fixed at ^ih rods. Tho i^-rt-U' platform on top of the pilns « 
OMunwd to be inpd, atid the poinbi of jlkn pWm- arc ai^rru^l to on a riipd fwutt., Thf> 
nrutt^'scn » euttied wl an n probtom in NtniimJly indetrrminutc slniclurce with tho nilr# 

conjuden^ti ae a Boriep of freenphiiirilitijE elBU-tlc ccklumriK 
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Thi- lowin' diaismin in Fipf, a stnivturi^ ul tJib kind liiKidnirrd by tniKir^ 

nnd hartECitiLnJ J«icR The pile# at the front of ihe plntforni are dk|iltunxJ liuwiiwunl 
And autWAitJ, and thnw ni lh«f rear are iluiplact^ upward juid iHitward. The n^iut fimtbi 
ill ibf! iiilca of (iny otw? gjoup arc not fiC4>efwariJy cquulp im li tm ajmuuf!^ m ^rmphii? 
nnalyHiA of Fir. S£ft, The Aicinl ^h'^nmiation^ nf tJie idh^ in tJii? vaHcKia ipTHipr are ni^rt 
neccrtAAflly pmportienal to tlic pUp loado, om id aedmoocl. in the idjpubriyc axtAlyMH, f*ile^ 
dubj«.'ti?d to tPiMion iM'hnve di^erculiy flora fiiles In rxinipt™aoEi even when 

the piloa juTi el the mmK*. Bhape mid nltc imd iin? driven into tlu? Kivne kind of ml. All 



Mfoqffdbo+hendj Hioged top Fijied both 

hoHoFO 

(U (3) 



Km. Vrharf strurture with batter pyeth^ 

the piles «!idc axially thruiijtti the JwiI (oMime exU^nt, and ihe tower ends are not ri|ddl,v 
fjvtened dnwn.^ a* id owiiiiisMl iti the ftigebrair nnalyida. When the horixontal load is 
appliL^fj to the FitrucUirCf any icndcncy iif this pile lii'Adn loclencet horisemitally would Ih' 
n^ddpMl by the suit in fruiiL of the pair. Neither the Kni(dne nor the ati^Fbjruic: inethcHh^ 
of oiLalviihi take this into iumx^uiie, nltlinupdi the rcdidtanix' of Ihe noil to lAternl flidpln^'^^ 
m^iit luis an im|K^rtaiit cfleet on the bedinvior of the ^inieture. 

if n problem of this kiiul w^tm to Ih; sol up in Much a way as to lake into iiLxminl all 
the vaiiablea ineludiniit ihf" **olh ihe problem would lie sitalieally iFidoterminule to sqeb 
a degn>e that it wenjid lie praelii-jillv im^Kjasihle to develo^i a Bi^unnis solulloti. tlw 
dE^rtinner inuxt therefom inake Firnplifyinif oiisiiniptlonA of various kiinhi in order in rv- 
du«« Uire problem to one far whicb Mrnie n^asamnble solution can tjc ohtoinixl, Jn sornr 
Viumi diw)piers liji vo noiw is* fnr as to nssunie Umt the i^trueture sliould hnve eEiou^h 
verlienl piles to rcsb't all tlie veMirni lEuid mid i-nouj^h hatter piles to resisi all the hi>ri- 
/oTtial IuimJp ThU is an urimHO^Erily <s^iii«^irvc*tisv iwumptlun^ and il puls mi esras^^ivo 

nuflLiM.'r tif piles iEi l he fouEidalloii. All the plk-S as well eof the FtirmUntlinu eoll lllUet ai'l 
tojp-ltitTp and thiF Imtler pih» will mist »>Eiie of the verEieat loaid and the %X‘rtkni pili^ 
will resisl rsnine of the hoiixonlol tnail 

\Vhm4e%'er n idle founflntkvn is lanuK tli^unn^ii for a litnielun^ eulijecEt'd to horisonlBl 
furiTs, il ifl njxxwear^' to detormiue lo what extent tlii'se fnrt.'os will U" translnilti^l to 
the pile hiiMi* aEid to cofiskler for wluit pmed of time fona:^ arc likely to biF eflec- 
live. the harijuintal ahetu nt the pile hontls boi* been drtermineil—and espi^eblly 

when the homonUl ahme Is likely to be efftx'tive o%'or nion? than a vurj' short time, It 
is cM ruble to uqiiidEJaf Lhe uiw of batter pilw in ihe fouinlatioti rmtlnsr titan to depend 























Sr-m 


^OIL MECFTA^^ICB AS'I> FOUNTJATJONS 


fffli vr-rtic-fl] jHfc?i to tht^ hnnicinlAl nhi^atv. Th^ various nVAilnhtr for 

(kifiiKiiiiiA rnuriEbitjuiiic jin‘ nil fiaml on fTrioin jiiniplili-hi^ nttMim^itlotia^ aiiij 

inoli EliviuniT will ImVF' kt thuCM^ ihv ri;i'Hir«i hn Iw^^l wulUni la t\w partiritbr 

prohlf^iii atmlyzc^i 

Uplift Rcsistuice^ Tbm am- .Honu* tyiwii of HLitiiMun> lhaf atv FUb^et^tiHl lio uplift 
foretw uwti^r trriniij mu^liiioriF. A fftnjHurr of tJiw kind » illualralinJ ick Hjt. Tbr- 
bkeich n.^pi^iit£ n trinfon^r-d eonmuf' setllfcUjj l]^u in a vk a Ei r-filtTmlimi plant, Thi- 
hmtn \» bull I DEk A ptlt« fnmidiitlciu^ junl it i* □otnmou praolici? to Imild «yrli Jitnji'tu mi 



x^ro/jj7c/ Si/r fires 






'>e»j 


wra 




vrvt/j-Kr 


t*vrj?fr 


Fto, Sd. l*ik» fiubjpctod to UfJlft. 


tielow tlie jctiHiiii) surfn^p and lu cover iJiPfii with Ji few feet ttf i-orth fill. Hie hnw of 
the structuie in well below the nntuni graund^wuter itibh-. Vlltile the hanin h full trf 
«TS(er the loud oij the pilw in a clpwiiwartl load beettuw the extetnnl hydroelatic head ia 
hnbutceJ bv the water in the Uuiin. Such atruelumi are often eniptird far eleniung or 
for odter rejiaaiia; and, wheti a liaain of tlik kind ia empty, it in €iften to light ihal it 
ten^ to lift off ila fmindalion In^ oiiw of the hyclroiiljitie head h from the Eround-wnler 
lahie down to the bare tif the alnu-iure. A unit upn-ard pmmirc p in evened uoEler the 
mnifv bottom of till!- nT.nirttiPi', 

Whoo mh n stnii'turti in nupiMjrtt^d by n piki foundjitioik, St iji to mjiko 

ibil ihi^ pilt^ pro|xrK rOiino^.tPd lo tlii^ ntniE lijm «i that jnintn r^n r^twl toirdon. 

It w n\m uiTLiAiftn- la tuttk«^ sun* ihil tlip pili^ 
jin^ wE'll fn^teoH in llu* noil m ih;ki will not 
lift alii of tikp KTounJ. fn udditfon, thr Ikottoni 
flab of tin- jfti-iiriitrv jnijst In- iii-!q|ni^-tJ for i\m 
upwjini hydrottutif pi-fimire, A ^^iiiiSlar situ- 
tttioii ^jflpEi in iJpfip li^itiioiklff and In 

oihor inn^ wdiirh un* M-t di^p in iho Rrmtud 
oitliPE-Wf'll Mmt tlie riAltinil RmijnEl-wfiti-r tttltl*^ 
or At siirh tt ift-pth in Hoft or imsJiuni duv below 
nhU-wulfc h vH that th. mreh^m JomliEkil .11* thi- 
fdilowulk sick Cjif tin* IjtuHi^nmiil Wjill i» joilTi- 
rii»nt tfi tl*p flhcaiiEiR mintfliin* cif ll*** 

rlny and thus indurt? uplifl ngsiiiLsi ilip lowwi 
liuH^mrut lloflr whifh mi^t iifr liotuRnorl to 
re^ilsl Ih.- uplift. 

.\Eiijtiii*r lypp of strurtujt* ou wbiph thnrn an- 
upilift forrf!# ill lj*c rouuiiai]OEii:i is ifilujfEruEfsJ in 
Fir, a'j4. This^ u a watoThsi:-)^ lioidrr whirh 

t II rii I -^1 » ^'^^I^JTttivuly NrIiI Ft.^l fraiupwork 

flt 4 ¥| sbtill rdlpfj ft-ith gas and air* Ciidi f \w%vy wind farcfs. furh a stmolun^ 





Fio+ JH. PiJ<af subjii^l^l to uplift. 


al*[| a 
toodft to pn^itum 


-- niu iuii.ir:?i Tiiurii a siruoiun^ 

Ifci'ausEf tho atnieluiv \mtU ii lo tight, thi-re mn< often uplift fof«w 














PILE FOUNDATIONS 


iiU tlir ruuiidiLtktni^ iH\ thf> wkinfiinrd ftIlIc'. V^'hk^<ll [AUi fuuiLiliktktifi^ itre U!«Mi unJc-r watrr- 
|o#-Kiuf hdld^m of t^LiA lypc'p it ifl tci itknki^ hurt* tliul Ihoy emt n^l^t tlir uplifl 

foppf* itmt win occur unth'r rull wind limtl.* 

Tkin Liplifi ri^hbtanLi-c nf piln b ttflwktiy ron.d4!rn&bl>y tLnh t3it-ir iK'Eirtni;; □npttrily. 
Wln^iTu^vcr the u|ilift Tfirre anminUi luore llijui a tciuj |M?r il 1« dtf^kmLte’ In 
dcEfirniiou ihr ncEuak re&wtHiEit'o Uy tin uplift tiwf in thi^ liclil. 

SUtiilit]^ And Buckling. lluiUling nnd npt'riFirntkuti^ uflt>rt up n^quirL^ttkeniF 
About like maxiiiLLinj Allowable ratio of Icnirtti to dutmclcr of bn|^ jflrndcr pil™ and pieiw. 
The purfKiN' of tliLH ni|uirvmcut 3* In giuird uiaiinhl raibrn by htiekliui^. IlnwpviTi hueh 
rrtiiiiTnmeiitiiati' ofE^-tt purely arhitniry and in moht entirely iinneretf^Mry wliosi Ihr* 
pile i?4 cniupii'toly I'&iU.ddtd iu ioih .Vlmft^. any wtiil is hunirii'ntly stronjc to alnhilij^ 
n loii^ slender piti* bueklirj^ under the woikinfE loadj^ that arr enmiiKinlj n^l 

Ulwij pih'H are diiveti as rritrtjuii piten tlnu^ iti no datiRiT that they will burklf »#; kniK 
ootunine ttml then? If tio reasuii evoit to ccmnidcr cnlumn a-rlinn in the pile. Ttkie bi‘ 
detuoikelrulcd tbeomlieiiJily * akiti it hm often lioen |>nt)ved by iieJd leiUu. UonB stf-ei H 
pile^ driven ihrouidn^ i«nfl cLuy to l.»»tirin|i^ on hnnlpan Ut^vo bt'en loacbd to Tailur^* 
jjut ftiilure oitrum^ by flanEe L-fipplln)t al the ip^tund JMirfuet* aini not by buckliTiE ^ » 
ImiE roluiniL ConrnHe IsymtkK driven utider the Jennie eoEkilitinop faileri by 
stkenr nl the grouiul f^rface wjtb no indifatloii of long-rolumn buckling. 

VMwtfc pile? extend nimve the furftitts in a trefltl^^tyrie structure, their 

upper purlioiu alKive Ibeit' points of H^Iy in ibe grrHund nn? deKfEnuHl aa ooliimnA, 
Thc^ end 1 ‘^tldilioilii at the top uf the pife wid be detcrniiniHl by ibt^ manner in u hich 
tlir pile ih joiiie<3 to the auifecratruetun*. It \s usually apsuEianJ ifmt rfueh idles arc h^eiJ 
at a poitfct 5- It below the ground siirfure in tiarfJ wit? and 111 ft below the surffm^e in i?<ift 
ihoilh. 

Pilc-drivuig FonnuiBa- The bt^ariiiE |hjwx^r of indivirinal piles iei often i^ompunsi by 
tmaiiih of pik bimiiilan, wbirli may be of I he eirttic or ib' i lyimniir lyjw. 

Sciatic formuhu'f'stiEnjile ihf bearing [jowi^r by Ewlii|KlTiiJE the frieliiiEial <»rebe!irinE rt^ 
Pittance along the surfacr of the pile and tlie bearing tiH-b^tunn* of I hi* ihjiilL Tin* uriEiual 
HtJitic fonnulfti* were IwiSeii [Ml elassir tiirtb-prt^iwun? thw>rirt, fcail met bods tadlig deVi?L 
oped lit the prtiBcnt time an* iNised on lalwratoFy li'sts of the nnh inlo wbtrli the irtfrs am 
to be driwn. Soil leitnplf?*! an.^ seeujnl in the Hidd tuid tesli'iJ in the laltuniEorv for hlienr- 
ing strength and Friettnoat resuflaiitf. The laEmraiory^tesI n-aulls an* Uiirii uwaJ luenrp- 
ptiO- Ihi* Uiiring (‘apoeity itf a pik fd n given und s 1 £l'. Su!:Ii methods aLO? a rvnmt 
deiTlopnu^nt in fonmlaEion engineiriEiET ami Ihalr im-fulneHS Lt inm^asiiig lu Ehey are 
kieing demonstrated under a wide variety of soli rsindiEjuns. 

liynewnie lormidas are uiktl Tti oonipaiie rhe iM'aring Eitiwi-r uf rt pih* frtnn its iM-lmv^ur 
Eliiring ilriving. Tbi* fai-Eors ofi-ii in all runntiiiis are the drivifig energy and the avefaEih 
pi'mHraiion pi^r blow during I he Insl few- btowvi. t Jther fncTors w hieh ruay be ineludisJ 
an^ thi^ w 7 MEht of the pkle^ It? eross-ecrl innikl uR'n. ht* li-ngl h. and The naxiuluji nf eEListieity 
of the malerial of which il is CUinptisi'rL TIii'm* FaeEoJS tifi* Us it lo cnsnpute the eHerx>' 
whieh ii 5 lunl during im|jael of thi‘ hammer on the pik and i? riii?ri-rore net available to 
pOHluce pi-net ration. 

Thrt’ fiirtiiula mi^el commimly iisisi in tins country is ibe Xfi€^ formuhn 

which is as folkiw^: 

'^-rr. 

wheri'^ F b tbe allowabb load on I he |Kk; fU is the woSght of a drop lianinuT, or ifK- 

^ C4FtirfYTC«> Filr* TiSLPti ffif ApiJ tloiruiar ^^nz-. Vrjl. lOO. Nik -I, Jv ElM. JtiJl LZS,. 

OMWeu-r. JOUH H. UpJditiS-d^rttn Pw»-^F tif CVnH'lvt^ piln. C'int .ffrii., rd. 3 Nn. 2^ p. W fvirraniy, l«33l. 

TCtHwiKcui, A. L., Ttii< SiAhUiiy at Fm.! ndAtiuh PiM« micklmR andrf Aiu«l l^ii, J'wac, 

IfiP^nrfc »ol. IRs Fvt II. n, lt'2. Ditwinlm 
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TABLtl L CuAnACTTAIMTU'K I?lf i^i.vuu^Acrf.vi: \S» \k>iMLK^,%<fnsu Stkau HAUMlIky^ 

Siiijttc-iictinic VulrAH 


Hatntiicr mze .. * ►, . 

1 

;i 

1 2 

i ?* 

1 

1 ‘ 

1 ^ 

oit 

»trikini( t'niirijy^ ft- 

lb. , . 

DlliVfi pIT KlllIJiH . . 

\Vd|;hl of Rtrikifl^ (urL-*, 
lb. 

pres&Lin'', |]Mj,, 
Dmmcltff lif prlAtnOn In .. .| 
XoiTEiibl atr»kfl, Ct,,,.. . 
Net 11*. . . ., . 1 

III ...I 

m 

5,W 

HO 

4 

\jm 

7'f)" 

a.iTO 

HO 

\,fm 

m 

2 

3,700 

7.2tiO 

70 

m 

10!^ 

2.42 

GJOO 

irir 

7,2W 

70 

a,ouo 

SO 

lOU 

2.42 

7,100 

IS'O* 

1.>.000 

GO 

n,000 

SO 

13,1^ 

9JOO 

13^0' 

tMJ 

.7,000 

so 

131^ 

10.200 

! 

2H,;}7c 

uO 

7,htO(I 

1$0 

m 

IhVO' 

30,225 

m 

0,3iX3 

100 

3.ki 

m.om 

LVD- 


SinKli^-ui-l tiiR *MrKii^rTtflri-lVfrj' 


Hnnuuifr idii!,.... 

S3 

^5 

S8 

SIO 

814 

cii^bt **f rani^ lb*... 

^snersjV ^l-^b fK‘f bluw.. 

Stmkep ft..... H,, , 

HInws pMjr niLmti^. . 

SteaEii prvjKum nt. bEiiniuef, iini. 

Rei?urntiufiiif'Psl jireisHU^ III biller, ik^i 

3'aLjil tt'eiitht. Jh ... 

liCllittll- ..... 

fitn>ke 

Dbimi'ter (if ij^toii. .. . . i 

a.fjoci 

0,000 

3 

m 

m 

lof] 

S,H00 

I2'4'“ 

3^3* 

ir 

5,000 

10,250, 

m 

m 

so 

1110 

12,375 

J3'3' 

3<r 

14^ 

8.000 

ai.oot] 

3M 

1 55 

SO 

100 

18,100 

14'4' 

3'ir 

17' 

i U),!)00 
;(2..'ioo 

m 

80 

100 

22,200 

H'l* 

3'(j' 

1714' 

14,000 

37,500 

2H 

m 

lOO 

125 

31,tl00 

I 14 10' 
3' 
20-^ 


Dl fTi'rff 1 1 i ti|f SlipM'f- V'ulr;Lti 


tinnirtii'r . 

ISC 

30f 

50C 

80C 

! I40C 

20ck:^ 

fbi.tnl *^lrikirL|it litkiir^v.. fi-||i 

iijm 

7,2lKI 

13,100 

2L^3I) 

Hfl.OOO 

7*0,200 

HkiWit (jiT luiiiule- -.. 

150 

133 

120 

111 

103 

<18 

U'ui^lit lif rihtn, lb ,, 

1,800 


5,000, 

s,ooa 

14,000 

20.0fMl 

Stettfi* prtwun^, wi ..... 

120 

120 

120 

120 

1401 

142 

f'l 

I>]jmn 5 tf‘r at {iTneilil in. 




lO^ifl 

1 1 < 4 

.Vartilfli iitfiakfl. in,. . 

P^qulvoJpni iiirYikt% fl 

10^^ 

2.0 

124 

2.42 

L'l* 

154 

3.01 

^■'10 
10 U 
3.05 

L 8 4 

L14 

2.57 

w 

lb. ..i .. 

I#i^ii^li of htiniiuer . . ; 

4,13LI 

7%M- 

7,03b 

8'II 4" 

Ll,7S2 

17^885 
ir.H4" 1 

27.084 

12 3" 

I3'2‘ 


I >( ^ulil^nrl Inpc S I r Kit^niiLiiwTi'rry 


JiiniuiiiL-r Hiie. K . 

0 

1 

2 

3 

5 

0 

1 7 


10143 

itm 

[A-tkglh, in..... . 
NpI wi'ii^lilp lb... 

\\ {if rum, lb 

in^. , p. *. - 
Simkt!, ill....... 

SLru>kf'/< |HJf ibiniiip 
Ft-ib PBiPfo' par 
bliJW.. 

2tl 

105 

5 

44 

IhOOO; 

30 

145 

21 

2li 

500 

21> 

313 

48 

4H. 

500 

1 

’ 53! 

875 

m 

ifi 

400 

1 

51 

1.500 

200 

7 

300 

l/)fK> 

55 

2,1H10 

400 

s^+ 

275 

3.50D 

G3 

5,000 

soil 

m 

4.150 

7,000 

],it00 

17 

\ia 

S,TnO 

I02%4 

10,850 

3,000 

10 

n\ 

105 

13.100 

laiidi 

14.000 

5,000 

u 

III 

115 

10.150 


*T\h¥m K»PfiHTifi «ifukppMj TiUi liw .VTflJrtnuii bm 




























































































CAimiiS OB J*IEB I’OUMjATIOXB FOU 


8 fiTj 

Wright oJ the mrPinnK partfi of r steajifi f»r air hRiuiurr; h b tlll^ di^tiinn^ 

thmkit^ nhirh ft dfop hmnnvr fftlk m thr fftmlfr oT a nfU-Am or air hiuiiiojTr^ L>tprt>fsii«d in 
feet; # IB the ftVLvrjifte pi-neinuticm per hlyw Tor the lust few blows, ckpreftsed: in 
And c IB A constAiit. eqiud lo 1.0 for a drop hammer atwJ 0.1 for a steaM df air btmrTVT. 
The vafuea for P and H' are erpiv«^»ed in The wurn' in eSthi^r pmcoiLi or toiu. Thi» 
furmiita ILK written inctudi!‘s a safety factor li, W'heEi tbr daubk^Artlri^ jiteaoi of nJr 
luLintm.>f L» tiAecI, iLr term 2B'ft \b rvplaot^d by the lorm in wLieh A 'm the mtLHd eqA'rKj- 
4]f the dmiLk^BUCting htunmer otkliuEie^l from tables fjrepjLn*il by i.hi* foimimir maou^ 
fnrtim.'-t*. TaLIc 1 on (xigr 8'-fcbl ^ve^ the ehnjacteriBtics of ihu* sifigli^jirtinK a-nd ihmhie- 
artiox luLtEiiiiL-tv mueit etjmmoiiK' umyJ. 

Wah the deVtilopnielit of luoilenk si)il rCLuehiLEkidS during the past 33 the who]i^ 

prubti^rn of dymutiir |]ileHJriviTi4c fommltis has lHn!n thr ^utjjfet of runBidendkle dis- 
[ni-vinn. It m gcint^rulLy that a dyiumile fomiuJa should iw only ft|^nsE K 

liaEkgroLjod kif ftili^iiiLUkte ti^t l.hat sueh a furfllllLn eali expk^tt^l to giwv SfttLs- 

faeLory' rtwuits whk?n pilus are beUirjt ilhs'eiL into gnmular Suilj sUrh Aa samlB and 
and wbrn are ^A^lng rlriven to point tA'anitg on hjordpAti, itravi'h or rockr WTi^ni 
fnetiim pi Ion an' Irannic ilrivkMi into dia^p Ea'da of plustfc Soil, the dynamic formulas can 
eflfliJy jnen* ver>' uiu<atij*ffirl<iiry tri^nltit. However, IJii* Lh it«ually dne to th*' fnrt that tin* 
fojmn-la cannot bo t'(3tfafci4?d to take into occoutit ihc? ptK^ihilily of urea su|j«idi^nce due 
to cornprcftalon of the myU liclnw tlir pile |»dlnts. Xcsithc/ can ttu* formnla bo orpiTtetl to 
Mil VO t Jm' problem of pile jfronp tietion. In xpiit o/ oti the r^pri ikai Aqji (wn txpfudrd on 
th£ prni^rm tn pifc dnriRff i* not *if.t on exart flCicNcr. Pyimmit pik^rivini; 

formulA'^ ran rtt'ver U' diipourhid upon to replace a backjtrtiubd of j^ood t^'ft iKtrings auiI 
often nmnoi tx* th^IUh! ufniii to n^plstee plUf-lond UvU amf -mil technical Analysis in 
F^iftblishmg a standmvj of pHTformaiii^^ for n job anrr a pm/jcr Isirk^lind hu* 

fjfcn prwnfM u*l hurin^iTt and tpftrrr drJiVnWct % piir iaiui amt me<‘hftnirrt{ 
ufidym, a dynamtir pilt^dni'in^ f^mnuh h ihf shiad'Clxd lAu# wi rnn fjf rrlinf 

pi/HPo /of pr.rf{tfTT\fiittr ihraa^himi flw ft'inairutfr of f Ac jV»h. The i nstallal ion of a z^itisfaetory 
pile foiitHlntioo is birgf^ly A imtter of eN|x-rKmce enmbined with a earefijl soil ihVie«Ej|^- 
tion.^ 


CAISBQN OR PIER POUHDATIDHS FOR Bt^LDINGS 

Typ&s. A eoisHon or jiipr fraLiidiition ccni^iats of n sliaft of t'orw'rete, usunlly i ybnffri>,'rd 
hut sofiirtitnir;^ of septare ox rt^Eiiiigular enH^ sek'liuiir itlact^ti un^ler a biiil[iin^ coluinn 
nr w.’iil ftud l■\El'llkiina dnwtk to pdklirfaetrkry gi^^aring niati^riai such ns hardpiiti or rtkckr 
AltliotJidi it in eilstoiuafy^ io the const rut-Eton iiiduslry' refer to foundji lions of Ehis 
type AM ^baisBoii foundnlions/' thry art* aeUiiilij' «”*ce a cniwfcm is n ItOKEikeatnie- 
luok Usually simk in wjkter os for a Eiridg^^ pier and forming a part tkf ibe pier afEcr It 
hitfi l>ren blind with [■anrielp ur iiiasoiuy . Tho pier ia a foiindAtion unit tlukl ean support 
lame Inadn^ and il ia Iliendtsnr ctii^iouiirik] only unthT certain ^uiad nnd wntcr mre 
dtlinuM and where the sTriirTUtip hns large eolnmn tnft<lfl to bt' sufiponecl. Under ]i|rht 
bulEdikiRP, a pier fonikdaEion is not UFUaliy etroiii>mieal hecauM^ tike Niiialleet Mine of pier 
that ean tie pmiwtly iiksUiliinl aiid itiautinlly inspiH-ted w nkpftble of jiupiioftiEigfiiur nson* 
loikij I ban call ts- appliiMl to il io a columti of a light AtnnCnre, l^^eavntiim for plem is 
Miiiieiimi-s made in ihr o(ien air a I noriiiml atmospheric preHsiire nnij KniuctiincB in rinsed 
wi krkinjt rSiombera u rider f’onkpn^'^^l air. 'Fin- exeaval ion is dons by hn rkil or by muehinra 
of varitPUM kiniJs. Tfki- pip'rs llicnisidvt^ niny lx* of raustant ilizimeler nil the wjiy to tin? 
iMiEloiih. ilk wbirEk ejkBn^ lliev nrt“ oUon enlliHi '^Htraijcht-sJudl piera.” Iri wme amw tlwf 
lower mils <if die pK^-rs are esiLarged in the fnrm of a fridtrufo uf u mne in tirijer to pro- 
vii|p mjflirleiit I Hiring nreftp and an^ then rcfeirf^t to as tAistkK *'lkelled iMit^ 

■ Cti-ttMlHAfi, A, lyvnihiir PJ* Dril-tlii F-iflFiUlM. Jvfr. Sec. CiriJ -^liniHiry, ItWIi, 

"PiliF KnijEKtlliaBiM Biikd 1^4 StiTjirUirTii," MkriumI 'it. Jiri. lA. I’aiA, 
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SOIL MECHAN"ICa A NO mUNTJATIOVS 


Opca £jccB¥at£aii. The kind frii-r, whii-h w tin* kind ms»l rommonly 

iti building L'yiifllnu-U^iiip i? Un* piM- irutuilW in Ehr n|it-ii air at m^rttml 

atiiUMpliprir pn>?aiiri> by bnuil rx<?Pivtition. TIh' |mni?ipftl iN|uiE>riiprit thnl \b n*[|3ijrril 
^or iRiub IK ji inptni to }iiisKt I nutEenrtl out of Oif hole, mmv iWM-t of hnintiniiC 

ii{]|:HuiiLaf, and ‘i-nop immpioe iH]Lii[sni*'ni, The Fnirtiiiimii duLnieler of pier that j3^ eom- 
tnonJv tis«l in about 4 fi a nmn rjinnoE work with a pump in n Isole isf NmaEief 

dLunieter. Ulien' q pump in Oie hole ii no! iiei.fli^l, Uie mininLum diameter in JKimedmni 
lo ft tiiid, wliere nnwiuiil exenvarion or iruipeelmti w not rcquin^L {rmnnat 
mjp’rfi'nn whtmld nlwat/t m/toVpf), i^xt*itvntkkn h;' rx?tmy power driiren poot-hoht 
diKinEkK lutn^hiEp^K sHuoi'tinu*-** In uwhJ with pinwiller mitkimuni diaraeter. f tne mt'h irLaelimc^ 
iff irthfiwn tu Fib- fM), ft nfUidly niH^esfiary t<i proviile ji litiintt of rome kimj tm eseavatioEi 
uml t^n+ xmiurp of the Ikiin^ m ujiunlly iltoermiin'd liy ibi- jicwl mnditinn.^, 
tkiEiiiOiini'ff tlii^ einivaiion in timil iwith lel+‘wrjping, mnoviiLle Kteei ryiiniJet^ that ore 
made of la "in. or thiektr pbte mid nre H to Hi ft Um^. After lJii« >4tartillK Ht Inm fu'cn e^- 
mejited^ tJie fioil (larjfiwt diami*Eer]l eySinder w pihtml iti tlie jat nml t he upper end of the 
cylinder b allns^^'d Ui extend niMiui I ft Jibove the Btoutnl L-mrfiiL-f! in onJer to I'liniiiiatc- Uie 
piimibility of hjiviiig EfFuinoite water or min waler flow into the eyoAvatioti frrim the eur- 
njuiidinB oieii. After the fin<t eytiml^'f hro^ plamj nn<J ehtaniNJ out, a si'Emml 
is w t iiLHide llie fipit ocun Qnlinariiy ih*' isH'nMind ey I Lnder s.^ aboui 2 ul smaller in diaineter 
tiian tlie one allow it, h^xnavnljon ij^ rarfk'^i on tudElW thi* iiottom of tlir j^roiHl eylifwJef, 
tiiid the E-ytiinier itnelf U flriveu down nf tiU«hE»fl dnwn nji excftVatiOEi prneeeik llte 
Oppk/T e»EiJ of the stvulid cylinder allowinl Eo Lap tliii lowE'r end of the fin«( eyiiriihw by 

seWfnl hielie^ ns it in uFlen lo «i1k the sfwuw! nr pumip ffotn between the two 

I'ylJEicIroH lo pn^veiit III .. of ground Water* Tlie in-iralklion fjf a piii-r of thin 

t vjM- y illuKtntr^d in I ir. ao. 

An cnti iit‘ mn from the illostrution, the shaft of thi' piiT iNirL^isls of a wriiw of roncu'le 
i-ylhiJers with i-neh cylinder at wait 2 in, sntnller in iJlnnieli-r Umri tin^ one nest liljow il. 
Till- dE-Mk^n H>f rOi-h a pier is fuisid on I he diameter of Uie lowest eylindtr, aikiil the lyU 
inderr* niicavc the taouini one nre Lheniori- rjf Ijir^nr dwmeter rhan would fie rtHilLLted 
to suppt’irt till' eolumii load at the Jkllowrthle Workbif r*Uv^ ifk tin- miii PPte, Tftb* in- 
volvis die wiiHi* of a M?rlnin niiioiinE of tyiEirrele due to the method uf rtifi 5 itrui.^tu>ii of 
Ek pkr^if and Thw wiLste rikn Ijt^ reiiui^?d only by huu;!heEiin|g llki^Hp>4d eyIiEkdem. 

Moweeer, eseax-aTinn with NTn I eyUhderw fit lilt- iMun ha^ orw' duriniti' aiiviirktaBe over 
tiii^ of oti.i r lyjffHi of linioj^;. <JfteEk thi^ jmeiI mEHliliotiN itiiditde rompiamlively ihiti 
fflram of waiiT-lHr^jErinn j^rkrJs, niul the waler llowiiiK from rh^si- s.ni]ii>-. wraiUl tlw» 
esr^iivnEion if it were I*piiik eIijb iti thk^ ofMui wiEfumi some sort of litkkiijc [n HOfil till* Wife 
wnJI.-. Wliem mtih .naikci stmlii tier eEknmiit€Ti*TlH il Ik ikoscihlf^ rn lirive ( k- stieJ eyliiicler 
liimiijdi ihiEssind nindtini aniJ Ut cuE off thi' inllow of water 

Another type of op>en-pier esravntimi usiuii n dilTerefil syKtem of liiiiruc the typi* 
ihaE L- often tefermS lo nn Ihe "f^hli'aBo inelhruh" in wtiirh fhe cXnkVntirMk h lim*il 
wiUk woEiihii ITiir hi 4 e;i£En^ in tianJi- nf 2-in. b.v tvin. nr ^U\. hy tV-in. bckurds, 

ttflir h nn^ Lifftially ia^Vi It'll on their utid radially |iHkBm>^t Jirid Br^N^vnsI m tiutt Ehi«y 

will fit ti^Eklly anmnd itie tin’tilar excavation. It iff eu-tomnrv Eo i*soavate I or 5 fi 
without huiEig and then lo irtKlnll n aerieji of tlieHH bi^vi^lnl iHMknls Ekrouml the imide of 
the esca%-utlan like the stavts of a Ijarrcl, In onliT to Itriur. the liojinU and to htilil 
thiun Eiidilly iii Ijlju'f apEniiifft Uu" erjll, slit I rkU 4 e^ an* u.n'ih 'rfu^^ rirLKn arr rtkiidc tii 
hiitf and an- pmcidiHl with tfEm-Jitler liollHi with whirli Ihr nn^ an* ex^undcd 

afi;ninrtt (he Insitie of ihr wof^lcpi lit^rnt- TbiMt-unI pnx'isJiin* in ihui iyp<' nf fou^tnirtinn 
iff to eieavate 4 or b ft at a Eitnc EintI then to place n m'-l <if luB^iiitt find rthf^r. Thw proei-w 
in n’pei!iTi*i| yiiEil hotloui riHiichkxj. f trthnaHly two fflwl rings are fnr each of 
laglTTikK 4 or ri ft in lenj^h, TIum TEU'thrwi iff HhiKlniti'il in Fipf. Afi. 


t.Mmos rmn muKuATioKs mu bit[li>ingb 


8^ fii 


Wllh iJ^i# L'bioii^ iru^ihoilK ihc plri^r Ip icriaUv (rnfutoni ritiLtnrt(?r fmiti lap £a bdilam. 
Th«' indinhw uiiili^ri'ulthj^t; U-biw Uip Initinro df ihe InKidiiic by mil ainciuiit 

ix|I1aI to ihn tliii?kmiAH of iht^ l[imcirtg m} tKat ruck Hr! of Lfi|Qciii|c d dirtily beSoH' the 



Fiff, 55 , EaiiJttviiliioii far Ponmia pkr. 


ntw* iH-^xl uIkivc it> Mi>wrvrr+ ii jtlrftlum njilcc-lMfHriiiK ^wl mu ccjiijMkk'rrtbly 

tiiurn difni'uUy in Itic Chirsiicp uirlhrMl dtnri it wduIiI m nit cxi’uvftliran iiniHl with rvk 
itiiicm. jr ibc wfttci^brarinK Htmtutn k very thin m tbnt rxravatjfm nun bt* r«THr<l 

U^aoif 

/a^h^ jAee/nrt^ 




Fi«. fWS, ffE iinii5B #ir^e*tkm fr^r etJfU'reU* [Pier, 
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it iiuk’ltly t&iid liw l^i^tii; and rieiipi ran tw in plii^r nruiii^itly^ flir iiillnw 
uf wat«r Can ufunity bi^ i$ii:Qierk<ntty eontFiil]i«d by puEnpixvf or bnilkig. llnwcvt^r, tf 
tin^ wflter-hcrtFinj; mnd sir&mm h flnvi-ral fin-t ur naoTf’ in tliielcEu.^^ it u jm>X jitwayR 
IHi^nitile to EzijJLlrot the inlbw of ttptrr by punipinK- It ii* neteAMin to sjt^p in aitb u'lc 
blindoj; and to drivt a wa of lajssinK cIhw'ei thnini^h Rand ^itratijiii. ThiR nipanpi a 
retiurtion in Uir dbinsider of Lhc^ i^^mvalioEi, and if itueh n ihiiijc happpiu iv<v«nd tinu^ 
tm n dwp exmveitionf thr rAJunion in diELmf'ti^r nay bo i^Euttdpmbk U miglil ovon 
xtPdwary In Rtiirt lint w^tolo opcmtion ovtpt nffAin by iiliirtlng fmm tln^ ground iurfbte 
»itJi an osrtivatHiEi of {^ofiMilorahiy h^rguT dianiotorJ 

\a Hnoll^tt-r lype of opm-piur oxc-avutiiajr (ho Iming i# a prvoai^l winrrolr ryliruinr. 
TliD typp if) in ^7. Thn cylindrr w i^imlly inudr with ft alb nbout (i m. 



piD, 47, InatidUfia roncr«tfi pirr with pr^rant-^Kiiimtc rylinduni. 


tbirkr and it ir pruvidixl with n Oil^xv al Unt* boEtOliL HcjniLLiiibOR it ii foftptl downi 

by di-jfcii Joanl nppliixl al ihe (op, mnnotinn^ k Ih drivfji w'itli u h«tvy hamnior, and 
limw dmlninjt in tloijo un iho in^fiElo wiib a jinall i-InnL-hpli or omnflo-pi^l (iijt kft, 
Thf Rlnrdng ryllndt r U U4UFilly 5 nr ft I.Mig; and, thD hfw Ijeoi^ forta'd \u\i^ Iht' 
ground, fldriiiinnnl 5- or ft-ft w>t tiojLH aiv ncJdwi. Tlsi^ fd oxen vnt inn b iibouiLtimF^ 
inorf* intprnifivo (hnn thv (yj-^ wkh at+T] or w^w„lnn lining, but iE hrtj) ix^riain mlvanlairtw 
wJiirh ii(T« 1 \U c-xtm rORl If p waEt r-bninilg wnnd Rtr^iluni i>< whilt ihr 

cxE-nVatinf] ift lid tig timiir, il b UHUnlly piifi^iblo to drivt' l}if L-yllndf'r tlirnljg>i lho lUnd 
«lraElltn athil (fwrrby ciUt off llip irdirpw uf wali'F. 

^^irinrily llirm Ip n imijcelion ^IE^ tin- laiLFidn ttt llii' Ix^itom id tbi^ nhiift an ihal tlio 
wrtli ttf tiu' UyUam srcUon in » bltlr Tbirkor lliaii tiia wall ijf pin- ujijipr piiri of thr ^^hafl 
I’^bi' of thb projeedon ia lo n'pluco llio nmnunt of fricfion tlmt b tlovolni^l nii 

tho ouijfidp of Iho shaft m il b form! into rhp itrouEid, If llm nJiaft Imd (ho mtiio nlitaiilo 
dlamoEi-r ibroiiKlinai itP k'ligtlip I ho iDijd friftion nu i(,o ouNdo of iho f)fuift wiiubr 
inrn;juc^ mpidty lu* (ho dopth inon^oaod. U iih Ibu ptiloT|;td lmN‘ tbc ffirtion dcvolnpotl 
nn ihi' outbid.! D mtutW bofain^ the oolnq^sl Imw u^iialSy a amaJi orJ^ ning Im- 

twofii tin- oulMdo wail of tin? Hhaff nncl tlio RUTTourdiiiK »*cwl. This euiiinhu' ring on tlio 
uuuidp of tho Rbafl if iwrually BiM with wind nr piln^r JfjoM. maleriaJ iw ihn Rimfi b pnuk 
into tho ground. Annlhcr advantaRif of thiii type of pi«r oxoavjitjnn b tho fart that 
il ran bo moTv eaualy adapted to cciiuprrwicd-Mr work Elion either iHo (tooboyilndor 

I NiWha^. W, Chi^ iyfMi WwH Mplliod. PlWt Kmi^ irol. 1, 4. p., W. JtfiURfT. IWI. 
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CAJaaoN OR PIKR FilUXOATlONS Vim tn^LUixcia 

liEilnK OF thp linhifE of iit«4 nrinw rmd waiMJcn Irtfypnjr, \Mucn i*ml ctimlitioiii< utr encoun¬ 
tered ihat necewitftte ibc u-r of coinpn™.if air, nn air Isirk mt»t be pkf^^ 
in the sduift or at Oip top *f the pJibIi, When the litjing ironatNbi of eteel eyliiiders or 
woollen loRgifiFCp it h vrr> dijlieuh to i*et Ekii air lock satWacnarily, bt|t ttiw can eitffily 
tic fimJinit«l with the precaBt-coficrple-cylimler method. This type ai pier eKcavatioo 
t* often called the "drop-*hnft inctlio<h'^ 

]ii poiiie cjjirt uperki irv^thiodp are dcv'clopwl for the purpciw of o^t'rcoinini 5 a paJiic- 
uljiT Foil rondslioii. One wjeh metliod wan Ek'Vr]c»fH‘d for a. Job where thi' (soil conauitr<i 
Elf rtlKMil 30 ft of fine mml DvcrlyinK soft blur tday which extended down to rockJ The 
water tahh- wtia ubmil 5 ft below^ Ok- |?r<iund aurfait- m» that ihi'rc aftcwjt 23 ft. of 

‘^Itimted aanil tlirfMiith which it weu! mvewary to e^ti-avatc. V\T!icn water tn punip^l 
ikit of an excavation whSidi h pn^i^iEijr through a water-Ln'aring Flmfuni, the hydro- 
*jt 4 ilir head ia unVailancid by tJse pumpitijt operalion and ttic uiihalanml hea*! ip- f^lUJll 
la the liifFcit'netJ in level between the ^ound waU'r outside the eKL+a%^ttlion and die 
tev'cl nt which 4 ?xmvatiQn in being carriiHl oai innido the pliaft. The water tlewa in ar 
I he lioltom of the ojimvmtiou and prodm-ea a i^uiekeand pqrHUUoa even in eaan»&mnrfF. 
It IN very diiTifult to excavate through 2m% fi of ftalonitcd finr -^and in ati open cxejivation, 
and a ep^ial prwedniq was developed for tkw job, icivoUing the usi- -of rtiMd eylinderw 
Itbout 35 fl lotkg whirli coyld reach from die ground mijfpnre throURlj the i^lurated sand 
and into lli* UEiderlying clay. Th^p^ cylinders were about 5 H in liiaroeler and were 
equjpiMfd Ofi ihe irisklr with a series of water jets fastened to the ioidde Biitfart- of the 
eyUnder. The cylinder equip|jed with thew water jetB wjw hoTPti'd with a emtH.- attd 
HC-t ilown on ihc ground surface in a vrrtiral iKmithirn .K iieavT.’ weight won plaml ou 
top of the cyliEldar, and waU-r wo* puiniMnS into thi^ jets. This jelthig hHtrtrnn3 the 
waiidp and the heavy wreight fnivid the hieci rylimJer down tbmu^ djc kith 3 atid into 
die tlay. ^^Tien the cylinder hud l^n fciirrsJ iEito the day far eiiough wi tliuE wiinl 
aiul waVer could aol flow in at dje IXEtfonip tlw jetting was stop|Mk| and the steel e> ILnder 
was pumped nuL Tlic excavalioji then pr«‘i>eded by hand through the «ift etii.v ninl 
the liardpuTi to rDclt, with wiwdcu lagging and stwl Hugs as liiiing in thi rlit> . 

Figure 5Sfl represents a sitmight^hafl pier founded nil rock- When I he soil ronnli- 
tions permit aUfl w hen ibi’ rock not too thwp bidtsw' thi' graund surfacv, rhis iw ihe 
t>Ti‘ of pier tliAt Is ctumnonly used. The pier if ui^iiftll.v of cnncn;!tc, ami the wnrhing 
in I hi ' raitcretc would bi" on the ordpr of fifMJ to psi,, or nbe^ut 45 to topd 
pi^r FHi ft. The allowable prewiire on rock varit^ in different tocalltiL-s, and in mosi 
cascfl thifi ailowabh pn-spua' Ls ^^^131114*^1 by the city buHdinK code. However, ihe 
nilowTibli- kwd on liartl Folid rock woull ufluahy Ik as gnikt uc lUiy lofiri that nnuld ht- 
applied to the riH'k ihrough the eonerele t^ihaft cf the ijut, 

.HDnii^lLlmi<# the rock is overloixi with Iwmipan or some otb^r goiKl h-aHng muieHul 
os illustiatHf in Fig SSfc In-Sriul of excTtvaling for a straijtbt-shaft pier thrEniKh lb- 
hardpniEi all the way lo tiu* roek. iho i'xeavmlin^n is wnnetinirs stopperl ami Im^IU'iI i>ut 
on ihr tumlpflJi. TTu' drew on as to wliiThL'r to ii«^ a pier U-lli^ out on haniiian or 
wbelhcf te exmvate a sftraiKlil phaft to rock depyruls largi4y |pn a<iil coniiitinua. 

The fim qui^ticm lo di termiiii'fl is sh- relative cofi of cseaealing u birgi- IkU in 
Fftft mnl flVeriving tJu* hardpali, Hc conipaEi'rl with the rOH-t nf excavating tile Straight 
shafl down through ihe hnnl|ian Ee rock. Oniinunly I hr siik-s of ihe bell ate cut at a 
slopf of fifl'’ with th' huriiontah anri tin- hit tom of the hdl hn^ a ^'I'rtical i'«ig4' fnr a 
depth that vanesfrotii 4 to 12 in. TIm^ iisinil U»a^l aJluwariceHHEi hardpan is much smidk'r 
than th‘ allnwuble k»d on soliii ruck, so lhal ihf an^a of I hr bill tom of the hell ha-M til 
be much jcreatcr than the cm'=»-weliofta] an*a of the shaft. 

It ifl readilv ma'ii that a ftiiwdcrahle amount of e.xcavationi afvd etifirri'te i* rf^iinred 

N^lEni^auqv .Mrltvril EaitJrty*E| PflT CSali«ti Ev*T*ttf!in. Eni. .VrVJ-JffMnT. wnL Idi, No. i. Ji. 
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Jor ffueh a bnU, and ih^rdToiv it w uai«iJi>* a nF i-n>iKmiini a^ to wkihiT it in 

ifhi-a|K.r to i?xm%nu^ r Kell aTvl im- tin- n^LaSiv»ly low oi(»rity <if tUr 

liiunlpaa, or whHhnr it ^n-nijlEl Im? pht‘»iwT to liijE tlLfEvugli llh- bairipan with a straight 
flliaJt and U^k- I In- hi^h tit'ariiijf r^apttcity oF tIh^ mek, (tnliimrily ihi^ aiwurt^r to ihiN 
i^ mnw i^Att tlL'pt^iuiji ou ihe* thil'knniet tim hiirdpan oiiTHyitiit tin* n>ck. If iJn* liartl|iQti[ 
Hlrmtum Out Very ihick, isay ^ laf 10 ft, lb«‘ C'KravAtii]ii of u eofu^limtHliann'ti^T «hiift 
thnaii^h tin* hitfilpan to mck would putiFutbly Iw lIimi iIh* rHcavniton «if a 

larg^^nlianaitL^r btll on top of thi^ hanlpan- If I here wn*! 6f* or SjO h uf Kardijon ovv-^rlyinit 
thp Twk, it liwild ikimotft certainly \tf ohfft|M‘r to atop ami bell tml on top oF i\w liarOjum- 
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FlO. Htraij^Kt^haft anil bplkkl eanercCe pier. 


In eitlu^r eaat^ the doriMon wivuld he ba^'d on the reintive eosi nf the exravalion and 
rt^neo'tr involml m tlis- I wo moth I'm h. 

In POrUe bklllKlin^ it i!c ri^Tjin.^1 UlilE 1 he wi'ij/hl th-i* pirir muift be iiieluilikl 

in Ihi' deremi Inal ion *t( tin- n^qiiin^d ImiIL diJurviTer. hi oElu^r wurrh, the column hatd 
nud the wvight hkF the pii r dji- ac|dr>ij rhp weiphi of thf esravated earth if 

dEdurtixl^ and ihlFi nwllt in divirilerl hy ihi» allovrsthk* still prrwiin' in iirder tti th'liirmine 
ibe sarea of ihi< Ih'LI. wtn^n the fiier if Vi*ty looi;, a hnihtioH-etHle i^uEet'llumt of Ihin 
kind siMf materially to the n'<|Uiiitdi ItcII diutru^ter. 

f^mefiiTK^ a fdiI eiTndjtinti is meotihleii'il of I he kind if luiit rated in Ftp:- The 

roek IF overLiili with a Ffmlum of hnrdpniir Kill thi' lum^jpgian itaclf ia overlain wllh a 
rI rat mil of Fanfid. In urdrr to Ih'II euf on lop of llw hard|iah, il ^uuld lw» tu' rt^ai!SB.ry to 
ronatnict the fiell in thi^ Hand Htniitim. However^ Il la uhuuJU' very difficult and Pottie- 
tinw’a impta^iKle fo iintlerctif thi' »ttUil a*- to form thi- sloping rtdiai <if I hr Im'II. Thi^ 
iiand will feml to collapw^ inio ihe i^^cfRvntion, ami hniritig iitider such eunditinuA is 
diffir‘u1l nnri estjit‘nj«ivi'. With soil eoiithiionp of ihifi kind it. » iiFUhlly nereswiry^ to 
exeavate thi^ shaft Lhnnjgli nuhJ Io the hari||^n and l\wn ie tx II out in the hjinl^ian 
it«-ir Tla* aand Ftratutn Lf si.-alt'd off hy rHJTyioK I be EiEiinKof Llw phiJl into itu^ tmrrlpan, 
and ibi!ti ihe entire bell ia excavateil In tlu* hardfaui. 

Whim Iwllino; uut in the hanlpan If {HEnleni[ilnli'di, the chatiLcter oF thc^ hanipau ami 
its perfocmanee under unhalancixi hydrr^tntit (inwFurp should bi^ ihorfiiiKhly clierkid 
by BpecUl U*si boring^^p wbicb eirmulaEe {to sttuill lateral Btale) tJie eundiUoiu of ibt' 
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CAtmos OR PIER POrXlJATIONS FOR BriLDTXOS 


iiwtrtUaOuti, to bi? ^un.- that bf UinB m lli4? haivlpoii in jmirtiriiiiK Fin?quontly, 
biirtlptyi mil ccuiiwt cjf iinvinK n hijcb jtmtiulw cufiti-ni cut wi-H rrmmtfid with 

cIr>\ whiitti would pljirt-' w prsirlicji]! limit inffi tbf" IntomJ diiiit'fwduc cif tlw titdl oodiftriU; 
and Uii' hairlpBii or thi- reck Muw it ciay i^mlain WBi«r mnbif high ibt^ pump- 

ing tif whirh (in imv alf^siiipt to Ml out in iht- hanlpan) may mioPH' or hUiw* 

wliich wtmUi ptaev ptwfftiml, nml popflbiy iimitaiioiM on norh ™rtrtniHion. 

.Vrtwian Fulfur in ihy honJ^ian luid nndrthing lodt btv rn-^iut^ntly i-^nwHiiiti ifd 

in and arnund thf^ city of fX^trdt, Mit'h.j iHid vi mn^ful itiwtijgalion b 
whi'iT'Vi'r timl ptmdilji»i in liiitiy to cibtalii. 

Cacaprf-sse-d-nir Excavatioiir CdTnpifi*i!*e4al-By wolrk ii UFualily (■3£pnnsivr‘+ and 

its uw* in ittmailv nvoidn'il it l»ecoini'w ali**oliitply nt'«*»iitry bc-cauni" of conrlitiofin 

o[i thi^ job. riKUii^ 50 inio^triitc* & soil condHiofi in which it would pnilwbiy Isc 
lo rvjwTft. to coinpftw^ci air in order to I'lmvwip for a pkT to rock^ The ta|isoil is fill 





FlO. i 3 D. Ercavalinn fcir ccncTctc pier under wnrtprWAtnl nir. 


overlying a l^-d »l ctayp Below the fSaj- w a fwd of siund underlain by mmt pravol, 
and bodlilcrF ixteiiding down to rock. The* iinHim] gtr*>und^waler in iht^ fill 

HHii far tw low the ginmid surface. In tlu‘ grcminl artaind th-’ ik*. hydrrwlatic 

pn^n^ itimtisi^ with I hi? depth, nnd tbi? pur|w»M^ of Thi- i'4>mrin"i^‘d air is to bAioneo 
thi- hydttuFfatic Wl and kivp the water from c^nti^rinK ik- rsi^avation. In other w'ordfl. 
the rcquii^-^J Kkir pnwiih^ drjM ndson the deplh Iwlow the Water table or the water pre*- 
ann? 1i vel thydraulir ipmUd at which the work i* being done. The of the 

cHinipn^HMil air ia to l>tthinoc the hyiiniHtalic presi?un’- Soft phtsXw clays mn ^ueene 
inlo an l•^^avation, even though the eTtm^iilioii nuty Iw rarric-il uul uinhr eonipn-ssed 
air, heenii^e of the differeniv k Iwieii the wcriglit of ^tunrlcd elny and ihnt of water. 
Tin* air UHiially cfJtnpeujwites only the wiight of Ihe water. 

Tlie mevxlnium ait preeunirv ihal ran be upccJ in smeh w^srk I** altout 45 or 6b pA, which 
curres^pomk to i« 3 |ivi*ffhere hetwi^'n lOb and \20 ft of hydnHalic brail. Al greuter di-rrthp 
higher air pmwutvw would bt' n^uiteni, imx it It pmctirally impoe»ibie fur men to work 
umkr pnwun.'fi poater tliiui 45 or 50 twi. In urdi r lo instidl a pier undc'r eonipn^^ 
nir, li hn iiewswy to \m? an air Uwk. Sometimrai the air tnck ih faateia^J to the top 
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of thi-^ fltWt mliu'k'i:! iht* ^kiiPid iiurf 4 C!t\ and It u mt Id i}w. ahatl- Kwbtialty 

lliu nir lock coiiH^tA of tH'o Kiiiight imp doora, im illurti rated Ln FIr. The purpoio 
Ilf ihi.' JUT lorlc Ui to jPL'rmil dcwh Mwi materinlw lo in and out of t be oxemviiiioTi without 
relesjdni:^ Ibi^ air pn-iswuno. When the lower trap door iii cIohmJ nJid a man cutera the air 
lock ihrou^ iJh' upper imp door, ihr air pn^nwjri' in the air lock in atniiMptiirno pruaaiirc. 
He rhiw'-j* And iwalsE tbc upper door and iheo opt-n.-i a valve within I hi- lock, allowing 
comprrBfied air to entt?r the lock itlowly. When Ibt- air prcwuit-: in the Jock in i>c|.ual to 
ihc air pn-esure in the esoivatioiir the lower trap door opiw and the man (foefl down into 
the Excavation. Whim imm ah' comiiiis out of ilk? shaft, the air-loek prneiilunj in re- 
vetTcd; but the di'eoinpreKiiori process m slower and ver\' mueb more imporlftiit Hun 
I lie conipres^ion proeWr Men workra^ under compressed ait ah^ iiubitct to mverd 
illrai.^ if they come out tjf eompresHcd air bilo the o()en air too quickly (itoe p. 

Vmtn the coiu^ructiou piiuidpoint, an impurbrnt factor ‘m all et^tnphwed-iir w'ork 
Ls llw^ duiii^er of a blowout. For the mil condilioti illufflmted in Fi|i„ 50 , the Ml and 
clay overlvliiit tlie sand would be rrf^frrud to jw ^‘cover,” and imp^rvioua rky would 
hold tlie compFesped air m fbat the air waukl ucil h^ak thruuith in tlur Kimiud #urfact^ 
and catL‘ 4 ' a blowout. Tf there wen^ no imitervicitifli day lo aet aft a cover, and if 
entire soil b'd were a pt^rviimf< sand and gravel, the compreasHl nir minht leak througb 
the soil so that nir bubbles w'ould come out the soil At the ground ^njrface and it would 
la* imtri>t<sibje to nyuntaiii sufficient air pressure to counteract the hydrostatic pressure 
at thi* bultom of the c:i:eavationr 

EicAvtEioQ by Macliiacs. During tlm pa-^ iCl ur 15 years si^veral melhofJs Jiavo 
Im-xmi developed for excavating pkfr foundaliorv? by machine. One of ihem ts usually 
referred to as the -^dry process'* and the oiher ns the "wet process.'* Tlie ptwinlure 
that ts thvil in the dry proehw is illuFtrnled in Fig. dO, The machine ilsidf is a modiGi.'d 
pnuft’ opH-rating on CAb*rpillftr ireaskr A ^pwial fruEne Ls built on tbi' fitifit of l lie tuachiM^ 
lo carry a ^wvk'cr unit and a largi^ gt'ivr that operat*^^ in a horizontal platM>, This Msi'inbly 
Eft rtilli*ii a ^''nitar^' tabk*^* atkl the large drives a venind shaft cnlleii a kelly'* 
which is KUspimrlofl on a cable from ihe tip tif the tiesviii. The s^haft k mAHfte of coneentrir 
hollow rylitifli^rr keel'd iEiside and rmt which tfrlct^qa' iEilo or>e another so ihat the 
shaft ejiii la* extended down into the excavatiun Uj {leplhs ckF lOQ ft or lnon^ 

Dn the ixUtom of this shaft is a bucket which docs the aci ual exeavating. The bottom 
Elf the bucket is built HomL‘thing like a post-hok augiT m lhat mil is picked up through 
the liottom of thi- Vmcki^t ns the inicket is rotAlid in the k*Kcaval|on. Alwip the ftO'ttoiu of 
the bucket is buill in t«'o Jurivc^ w'hich are hingt'd so that ihti coiit+'ntji of ihe buckel 
can be dunifsd into a truck or n spiil bank. Onlinarily the buckets are not more 
than -i ft in diameler, hm ihn-y ran l«* nseci to dig lArger dianjrters by means of a pair 
of rt'amer kuivt^ that am* bwlud tii I he bail of the bucket. ThErwi knivefi an* aiijutUatlle 
and iTuiy he set to Hit totiuin-d diuin[*lcr of ttu' excAVitton. Tht* ^ft-diameter bucket 
will llwn exravaEe a 44t hok% lukilig the excAvatc-d soil iu ihroiagh tbl^ tmttom of the 
bucket, whik- the r^'ans-r knivi'?^ eut like eKcnvation to its full diameterp throwing thi- 
extavatoEj soil Liilo the bucket fixim the top. 

In many ca^cs it is powSide for such a machiin* to pxcAvirtc all Hie way lo ihe bottom, 
of I he pier iKcfon' any lining w instalSori. Sometinn^ it is nece«iikry to install the lining 
In seetinna 8 to U\ U king u excavaHnn prnctx^. When the lining has to lie placed 
[lilting the eXCaVatioEi pmcenet, sp4*rin! n*lmctal'j]e TvaOHT knivcs an* lifted which rati 
rut under the Hning and excavaTc lo thi' full rjianieter. 

A machine of this kiiui is piu-liciilarly useful in eohesive mh w here iharo is no setiotu 
water problem, TInr machine Eips-nttra rapidly, and it can exenvat# a whaift much more 
quirkJy than it can be done by hiind. eKntnple, a maeliiJH* of this hind Iras dug and 
lined an earavalJon fl or 7 fi in dinnuier and 100 ft deep LO nhoiit 12 hr. To do tii# 
Hattie thing by hand wntikl reiitjiTT* twenty or more S-hr ahifu^. 
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In murfa iiiii*lk?r ruimry psAchinias jjh ii^eii tihuilli rrtiin 16 to 

24 in, la diniuft^r awl lap to 33 or 411 it in deplb. Sol'Ii shafle ^lioillcl be cnrrfully 
PIJcctH, nftor which the cTccsvalod Ji^hafla are filJffli wkth contietp tu farm pioni for 
|HirUn|t rpmUi^ow or otbrr liglit fftniFlnnaL 

Sometiimw ik? loirpr undis of tho Hhallfl nr^ bolicci out by an unikmllLiJiK bucket, 
of m>inewhat di€rn*tit dii 3 fi#n tlmo d^Mrribed aboi^, to increase the bearing capacity 
of the pier 





Kio. fMJ, Do-pfcmw nt\9fy exenvaLuiis luEH-htne- 


Ttip alSrr mitchjne-i'xeaealinn tuctlio^S ii known Ihe wpt prCHjcjw. The mmebiite 
tiiat \E usipd 1ti thi«( proce# ia illaiflniteii in llg. 61. It is similnT to the dr^'-prtn'ew ina- 
eliiEM! b itiat [1 b n motlified nwne o|H^rafiiiR no eflter|iilkr tnmda* altlunugli there itrt* 
funiiunii^ntAl illfTprinirNW in the npi-ralbn method* of I he Iwu pro^.-me^. The wel proc- 
iB an mkpLaiioo to emiswon ranfltiuefion oF ih-e niuil-Indpn-flMid nielhod of rotary 
ilfillinR ni! welK and lOics a cutlmg Hp|Mimtup moMBtyig of three pt four arins pmieetinR 
hoHisPntiLtlv and milEallv outward from the Isotfotn of thi* drill linoL Altm^hefi to these 
horixntktiili amv® are ii M^rief* id tiH»lh like the te^'tli on the bucket of n atejiru 
^hovtd. 

tn thi» wel pfcierTjiei a of fnanihitiniis water w inninlninred thmughout the whole 

Ofjemtjon. A miinp is eseavated near the nwi^bne and a pump ia ael almjRSkde this sump, 
Tire mietkiii huK' uF the tiump b placed in the sump, and the diseharge end of I be pump 
is ctPiitieeled to the upper end of tlie drill line. This is a hoUow' ahaft^ anci the water 
goe^* dowti iFirrHiglk the shnft and is tlwcharged Into the excaYnlion at the culler Fiend. 
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Ttki* wuttf then mmm up in Iho t-xcuvnUon iPuLniil? the UfiJi Iinep and it ovprftowi^ ml 
the zHirface vberr It IB dtsnduetod bask to tho mmp an a Bmili treiwtL Tlip eKe&v&trd 
MJiikrt in kept full of water at all timoB <luring the drilling proceBB. 

Tlu!! t<ir leaving tKe %tkXei Lu tbe exenvated Bh&ft w to at leoirt latlonrprp and prrf- 

eiahly to EiV^rlsflJaiu'et ihm livdraritalir btud of the water in Lhrp Bitrruutiding gmuiiiL 
Thi*, ooting ogwriBt the rrBuking wall dake^ pfevenlB ihe Htde wn\\» of the exravatioEi 
tront enviog in, \\hpn I he uiarliiiM* ih cSHivatiiiR in ekys or other liiid-graittnl soiIb, 
Hjh ein^ulatiTig water eomeuiia'a iM'eaiin^fi *kj muddy that Mimr of it has to be lakeit out 



FlO. liU WH-proww riilBrt eXf'nvtitinR tJiartpioe. 


of the eirrubtiELg py^tein hi id mpLic^l w ith i leur wnter which jb addotl at thi' mim^K It 
iB oft-rrii iii'd'(!s*Raiy to eleuTii out ihe Bimip from; liEiU" uj tinie. When lltr ejsrav'otjEjn i# 
hc^iEPg dour ill rliinii Bandi iliP Hmilaliiig watiiT ufh'-ri rrmainH t|ititr rkianp ond in ffiirh 
iittwn it li domitiuii pmrh^'e to ujJjiJ rlay lii thr ririmlnliTtg water eg* sui to iiirreoHiH itB- 
tfierifU' gravity and viHwxity, In nitwt roriw there Lh uo exrww byiiFOBtatjc! head in the 
i-xeavattun «o tliaf thi^tv Ib ru active hydnvilntie prr^re rlireetial nulkll.v outwart! 
agaiuBt the widU of the Blkilfl. 

To ja-iietrate a gravel or liouhfer forimitiutL overlying tiwk hy nu-uttB nf tlte wet- 
prowtE niaehiiie or |o enter the linitiK all uroumJ the ^huft tH!<ri|i4ien' Into Blopiug rock, 
thi- lower ^'^tioti of wUh4 lining ran Iw moiif- into u tjollnw-walli>d oimt note burn-l whirh 
iMiii he fi*tl wiili fluid D&d Bhot through a hoUow-artnml R|Hder uttnehed to the butlom 
of the drill Sine in (ikre of the imtler hi^it! Hhowo in Fig flL tn thia thi- i:on^ 
hartvl median of lining rula a i^irrular rhautielp or kerf, thr^iugh llie gmvel or bouldrr 
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fnrtnfltioii BhtI iht nj4?lr tlown unlit iU* ruitiTt^ \n all amund in iht^ 

fKJrlL^ 

Drill iHi-in CiiisaoE. A ruuinktbti \mr (li'Vt^bptHl tlurin^e n^rt^nl yt'AiK k 

kirnirn PA ihr **dnlli*iil-iu raiKsmn/' It vatimulB uf a htnvy stol pifM» with a rt^infDrml 
I'Utlini^ whli^h in driTon And fthurTw|nll«l npon rnflird to nick nltd c'lcmimj nill- A 
nrwk-Pl of rttiouT tlin nftin+' iliumcl^T an the Jiipe is chumHjrillfnJ tn a dfjith iif M-vemJ ft-el 
into like rtn?k. A nUs?] IkU-aiD nw extendinjt TroTii ihf tKittnm of ihe wkel to At«.sve 
the mlofT elcVAtiun k ptiuiini iiiiidc- the jape, amf the wcket lumJ pipe nre filled willi 
isjEirn't«' to the cutofT ele^^alicifk. 


CAISSON OR PIER FOUNDATIONS FOR BIUDGES 

FarEes Ac tic g on a Bridge Pier. The funetioc of n hnclge pier k to Fupjiort the bridiei' 
epAiis W ith « miiiiiuujo oLietiurtiiHk lo I he Atn-ficii, Tlie pcirtnihle foreign acting on a hriiig^' 
pier an.‘ (1) tkeend loud of the two adjacent brid|{c (2) the wind load on 

I he pier, on the Ku^H«nrtrtiiiMiT% and on the nakvlng load; {S} the traction forces due lo 
the live ]oa<I; (4} the inijkui'l of BcmhtiikK ilebri;^ and iLse; (5) the [ms^nure of the j^tmaui nf 
water iinil of ^lolhl icer (5) fom^ renuEting fEom the e^pannian and eoalraetiun uf lJu' 
^uikerptmeture; (7) (he woiglil of the pkr it^df; nnd (8) the buoyant force, or bydroitatir 
uplift, of water aimuid and undiT pier. 

I'lkc wind toad for tailw'ay hriihp^ if u^iinlly Mficsnified 30 lb |M‘r tH| ft oji the projecte<l 
area of the lOipemtmcmny, plLL< 300 lb per Un ft for tin* pre«*unH on the imin, applies] 8 fi 
akive the l 4 ip of raih An allowance Ilf 30 lE^ |>er -hi ft on the pier ilstdf Ahmilrl ali^i Iw* 
made. 

TEke pre^vqire of Homing waii^r ih-jictuk on like Ahfl|K- of tike end (kf the pkr, licjEkiK 
(freatest for ft Ual-endMf f^er. The pmwjrc of tile water iik t^iundn iht nquan- foot k 
idven hy lift'fornsula P = in whirh irk the wclglo of tin* wateriwr cuEac forkt; 

r k the I■l4^^£!i^y uf the ^tn^am jn Feet EATm'orjd; cmd If a fjirkkr di'jienflingnn thi‘ 
and propckrtionp of the pier. IkriikK l ^ a for ^qiMn-eriEk, for angle cock wh^'n* the nnjtle 
i?f JiO"' iiT Ekml ^ for nmiliir [m'rh. 

Theeffi'cn of ire ofi hrielgi- psertn whirh tiinv Im’ of magniiude in pitn^iniA in enhl 

climate#, d^^ultc from In* iik tw o formA: rake ict^ Ik^klinit iliiwnisirt'om iit the surfnee of 
the water In Im^ eniahi^l or ptplit hy the ini«' of tEn’ pkrp nnd iee itorgi^ pilinu up agntn^^T 
I he iittFe nf the piifp En^kind Hoikting or ulhiT dehriH. 

In ihr^ firnt cji-e, the lin^nkel nf the tie k U^iUilly tkOt jy^-ftt, and I la* C’ffert k latiti-ly 
that itt abniFintL. VMth a Ufw pokU'Cliou ijf »t<s?L cukee of cleave or crush without 
ewrtitignfiy enikFidemtih^ feri’c on the pier. In Um- FC'iauid nu^Ot ita? K^kritc^j k-hliid Jloatiiig 
debrk may bring n cnnjtideraliEe foiw Jk^ikinst a pier iHaaiUM- of tin- pn^ftiure of the eurrerkt 
opk I he tee. In northern eliniJi t i^, irehmiking noww shk^wsl nl .an D linh* of hIhjUI Ifi* w i th 
I he hni-kKontal are mimUonly n«sl, and allow the ire to slide u)>iiji I he slopt' iitid to 

En^’nk Undi*r iia ivwti wemhIiT. 

Stability nf a Bridge Pi ex* A Eirtdgi" pier ^louhi Em- sUihli- aKuinst the fonx^a iietiiig 
tllKili it with ivf?pei’t To iiliding dowtiFlmittlH ^lulinK in ihv dins titio of eIii« n.tis uf tin’ 
Ejridgi% nvertiirnhktr nkml lhi‘ downFir+^ain t^M-, ami ovetturniiiii about otii' Hiih' uf the 
f^joting. Funhr*rinori.', ih*' maxi mum ph^sF-un* on ilie jmll iitnliT ibe pier ahuuld not e)t* 
eiH?^J the nllnwabh^ lamring preFAEire, ami f ht- idlikft of I he pier jiEkd thk- fialtiiig should he 
staEile against failureji tine to ink-rnnl strcF.’^'s 


' CnaEmt, II. A„. IkhriiMr Mapbinu l^i^i Wdt* hKr Ojninnlp Tut. lO&K Nik. 4, 

ii. Iftv Juir jg. iwTi. 

RalMtkhtf FtfiiiiUaliiHli CdkwiEML* Llrill 'Tbckr W'ay tu ffurk^ il'af. hVinri-JS#™«f. ViJ^ 3 , jj, 57 , 

Mv li. 
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kti J>rt«rip FJt. ffiiJE. iVfipjF-lfjiFBO#, Y<>3. I til. Ne. lu. T-i^, NmM-, I, 1M7. 
t Fuuiulaiilin W'riln, mJ. 135. ji. 4p3t IJci. 15. 
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Waterway Rrc^LiijemEiitA. Hriiliep |tw^ i^hiHiU! Ik so ihjil lht*y will tml Frri- 

i>LtH]y duniniAih tliu i-j^rri inps ^TijmeUy oi tlii^ ^in^ni Jirnii. Two mjty mtiilt fmm 

the biiildijitg of a plai' in midjitniAin; viJ!., ih-p Blronm may bt* tieElit-lcd m a# lu eliikHjte the 
exbtiug r^rliilion tJie euUing iwnl tlie filliiijc of the haak# of the Ectreikm, aiiil the 

^(tw imiy be b« ulMLnii^Ee^j ihitl the carrying capnejiy of the renin t>eii will tar rodurni^ 
with a coiiBeqaeiit rjjti? trf tbt‘ water h^vel of the Btmtni. 

The fjisst pniriii:a1 form ijf h pier nose h either ihi- hjilf ruuiid m half elliptiral^ 
Bhape# K^viiiK better cJw^hjtrKe elhdicneicB than tfie pointed noiie. Tln^ lji«it pmrtiiit] 
fnrin for the tail of n picf ski the Imlf niuihil. The HtV nti^jlr ni>Mr ib net utfUiilly Batetfaetwy, 
Lilld the allele fur ImtsI etfiriennt^ j;^ ^5 ‘ or W'heri’- a pointed nose ia the i<hoti3^ 

rletfl Bfaoulil Ik nmndeii Ui nvoid eild^'tiipi; ^Liieo the i^ldyioi^ rjnitM-d hy angles n.^ioilt# in a 
luBH of iiiLjc'h uf the ndvaiitnpci' of a rouiid^-il or tHiinoHl horn*. 

DimansioiLa of Piets. Tla- liei^u of thr t<iit?Bti-iiemrr ranyinj^ an overhead erewins 
miul be BlH;l!i tlmt the lowifsl [MKIIt id ihe t>i( rpe I Un* will hnve nulhi-k'lli cleiirflni*i* 

nbiwe the tower trnc.ik or roDidway. The Ifcujjthl of ji jilit Inr n niTi^iru is loinetimeB ftsttl 
by I tie iieni'^iiwLry hi'inht of the ro^Lilwny over the etn^utfi. Ii> TiiiEiiniiiiii huittht must l«? 
euch Ea keep the bottom of the mi|i€rslniclme wtII al^ovt high wnter^ bo tluil drift 
will not Jodgi^ against the i^ufier'tnjrtiin^ and b* ihni the tolal waUrway will be nJOph- 
lo JX&B4 the fiui!£imuin AoimI. Ten feet rleniranL’e almve high water w'U] uHCialiv snfiiL't^ to 
pHBB drift and Ilv. 

The baiter of the side?! of u bridge pier should [k tnieh aj!> to aocomplLKh I he rn*e™ary 
Bpn^il of iho foundation to proi^urr Jtdr<[iiate tiearing area. When' dto pier» n'^'t on 
rock Of other solid fottndjitjonSr ihr rmiuiref! spread will br- MTiinll, atnl for tall ph! 4 w a 
sljji^Jit Imtter ib ofti'ii uw-d hir the sake of hiiia-aranre. Ttn- iniit U-adEie over a 
Kiliil pier h* usually ven' low ; hinit^e high bridge^ pieta ore rrequr-nlly built iudlow or ii^ 
vide alsive the high-water line in ordiT lo BiiVf« iinuwinry. 

Piers for Movable Bridges. Tlie i’jHvlal tyfH^ of pkv for niovahh’ tmilgv? Is the rir- 
eulnr pivni pii^r for swing briflg^^. Tht- pierw fur other lyraitof movnblc bridgEw do not 
dim^r eHsenlinlSy ftnto ihm^ for bridgi^. VVhere the Uni rjf a hiBLuk^ pprder or the 
L>tmn ter weight swingM below water Ie-VsI, it L-^ riel'll ry Ki 4N)l|iilrucl tk W alert ight tail 
pit ns a [Wirt of the pier. An overhead eounlerwi^ielu m BOmetifnes employed as an alter¬ 
native. 

Alicbor Pien. Tiii^ ain hur inerw for tf^aritih %ier bridges do not differ l^■nlia31y froFn 
onlLujify k^kfing piers, (in the other lunid, thii an^diomge of the tahh-i^ of a siispeoBion 
bridge nMpilrcs attention. Where kdgr rock is readily aix-^Mlble, athL-horuge h 

areomplishk'il by tunm-lirkg itito the ris^k and pladng Mmo form id u^lring againj^t. l>ie 
sidi'S of ihi- i^xcBvation. In the alm-in'e of ledgi^ rock, anrlior pwr» of suflieient mBi^k= in 
Jiold the puH of the itablc^ must ta* t'^jnslnieli'd. 

Locitiop of Piers in Streams, Certain Mrejinis of tlw Unilrd Stolen have 

i)eeri ileelarr’d mrrlKnhle by i ongn^B. a Eal luty HEitiriunyi Imilt wor I hem mirst enEkrorm 
lr» the renuiremimtjk id the War J>i fkartmeiit Many of iheBi^ Blretimj mrry little or nu 
tmlhe py? Waterw ay.% hut provisiejn muBt Iw:' nnuie for ihe passage of I sat? if requirnl. 
V\ ht ri a briiige is to \w rtHnim. Et*,] ovr r a nJkvigrtblt^ ?treAni, n permit musl Im? otitAinisI 
from Ihe Sietvtnry- oF War. The euinjilftcii slrm’tun^ must nut interfere w itli rivko 
trame^ aiul tlir i-fii]?tnii-tion ralN'Work iikii.'<t alsn \,r^ ArmngiNl il» not to interferi?* 
.vfter ciinstm^HorE U entnfili to, nil pili-s. i‘offerdMlu^. ele., rruist \k n-rmkved la ogrler to 
prevePkl injury lo |.mAsing; kjat.f. 

CiiBsoat^ A iruE^ may be deftninl as n hirgf- waikrtighl box lhal is usaS to 

eselnds water and wmilluiri material ihinnR thi fiM'avMiofi orfmindnEioos and nltlmately 
an tnkgral port id thi- snlislnaelujie. The oTrliimrv open ralssoik (Fig 02) eon- 
.‘dstB of a fros wilh I row wnlJii ihtti me lu-iLMilly bnSit cril^faahion and sheathk-tl. Sorru- 
times Iht^ raiJMHm is innitnictiHl of maforced ^HJne^de or of steel pble. In eithir caset 
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Fi«. liif. Olfvn riuiwti>ii for LkniRtEm t^^toUJth wdll*. 


thi? c-ndo^ed fwlh niiit<?rbiUi are linnljp-d out af \h^ rflUwnii frinkj^ aiaJ wciU-r Jtre 
nrinif'liinjc^ u#ccl to jiifl iht- A diwidvunUijji^ of U?*' iipciio'iiiM'on tt-mhf 

(fnm thr fftot. i)mi llwi raiHSHin w ysypilh' iiol uiiw-sumul and Ifcii-^ batUjin rniiiiol bo 

ck^ni.'d fftrcFu-lliy hn'roti* ihc* eo[icn*t<* i* dt'prj^itf?d. [ei mnasl wiin tSi^ tvLi£tfM>Ei iiiii I'M' ufi' 
by pumr^niE oftcr Eirnt thu bjitom undfr wotcr. Thr chii^f ddliLullit^ 

p’Ticountw'ed! in iho irptnlSnlioii *ii i>|m*u iNiiwoiin* urt* diw' to ihr Icick of uiiiJfoniitly of niJi- 
tffnub c'nrounl^^mi clurinj^ thti ^irtklnK insf^oo sink.t ui]i'Vi?tily mid Otf n'fore 

liifficuk lo Kuirtf?, 

^inw th4? irinkinK cMnnot always im? i.-an-Jully control 1«1, I be cainmin mmi be liic«e 
cnouKh ill plan to Allow tvr sinnn tntsnlisiittw'nl- Thi* dn-’d^ing wcIIf* niuirt bu so dis- 
tnhuM i\m\ tbi* cxcaeAtion ciei bt* uf enich SMUienm mt to guitle thi- C 4 iiA«in sinldnK. 
i?5Uiddninic cutting liikni with couciiU' nfn ofUEi usvii, and tk-y aHeI HtabHity 

diuing lannrbiiijs and prevent lieiing. Jetting pipes nitwit Ih? plnecd in fucK a pcKititin 
that they will not itiUjifere with tk dn'dging. The tnaU rLd iTwddc the cuiAMn is sonu- 
titfipm fvniQviN:| hy hsmh soini'limt** by pumping, atwl often by dn^dpug with n FHiaJ] 
onu^petd bttckitl. Wlkii the hOsboh ii aol tiunk in n i^tiffsry'iitiy Folid stralgm lo 
adiiqiuite tieartiigp piks may bt* driven in Lhc l>oltom. 
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Metbod, A irpt^rinl pri5P<H|iin‘ t« pirtkiiiK finfl 

hridifii’ pwn lhrc»U(^ a ecMiHuk^rahk’' fiK^pth iif wai^T w Uh^ '^artifipjaJ-wlttiiri" ar ''#ia.nrl' 
iflloiiii'' iiu'thiKl. It itl i^iEiktisg A Iftfge ktoijiuI tht* of ihi^ ph'f* 

tilling tlip rvEindi-r wilh sand tir olhiT ilruHigiNl nuilt^^riid lo fnmi iin miilicbl it^liLniL pbif- 
iiilC thp rai^oioti an ihiH u-laiid, and then sarkkinKlhe nuMHin by ihmkigh wdKs in 

the m^iial montwr. Ftfjun' G^i illuHtratJ-ji rkt; riHthiul. UjiujilSy tlie skvl slii-ll in iv 
flurh on 4>kvBl.inn llbnl t hr ruK t inns i-tl^ mn started on dr^' 1. By ill Eemate «\m leiiiij 
ineriik' thr Wells iihrl huildiiiK Up Ibt* calsMjn wa^l^^ the i-nttn- nuBs^jiEi in i?tiiL*(tructt4 above 
the water. After thi- nusfmn. ha?^ \mm sunk and iillinl, thi^ steel shell is salvop^'il ami n?- 
tjjH'd. A idtnll&r prcjeotiiire hae lieen UM'il in slmlkiw ileptlis by ctnL'^lfiietinit a “sand 
island'' witlnniL the sted-eyUnder supt^irt. 





S/e^/ 
p/c/form 




c&fiCr^f^ cerssoa 

frames 
Af^Aer 
Y Ai^A vtf/f / 




'rjlfijlffy f \ 


Afiid 


era/ 


O^mrAf 





f 


f.-2a 

ifffsl ey/irtifer 


± rrs 




Fid. fB. Arranj^Maeiit in tht ^tapid-ij^laml |iFr>ee«. 


OpsifD. Thi' dwKn nf a rfiifbiori inrtudi'^ the determinalinu of thi? diiin'nsions af ikw 
niiwain; the des^ijiii of the roof, widts, anit cutitnis to vriihHtand ihre fort'w Id whieh 
tbi'v may W Rilbiect] thi' determinatjon rtf I hi' wei[t;lil mieeiwflyj- to sink the nii-^citi; and 
thi' mlL-Eiktiuti of the flalation plepth n-ciuinsi for latlnehiufjE and nimtinis tn jKisiliim. 

Thi' ndsnoh sihouUI k' stmng imaiijEh tn pupp^irt ilw wi'klit aii4j flmi of the su|ht- 
liHul whili- Mnking, Tiw nuj«t ip'verf eciiiditiDiiJi to whirh it may N* subji et^^J 
while sinking are ^'bridfprig'' (m tween two nMnjrtiohs at the emk with m>\t maferinl 
kM'lm-en. in whieh cose tb-.- cukiwion aclj^ as a ln-mtt RMpporfisJ al, thi* emSi*, and 

iiiagging" over on ohsitnirtitiii ai ik' middh^ with aoft sodl iiiiilirthe emJai, in which raot’ 
ihe MUflMon ortii ofi 0 dutihk cantilever. Hbvioiislyr the atialyski of stre^'ts for 
mnditioiiii is ituleli'ttninale aiifl can In* nuulc unly np|ifoxinkatcly. 

The Weight of Ik' eaiHftuti shun NI k- Hudiru-nt to providi^ adi'i^imte sinking Umd. which 
ifl nf tk? Rrntti-st importance k^eausi? ii/fnpc»mriSy iocrpiviiiig the wi^ipht. tluriing the eon- 
si mctiiKi of « large ^Aimm is usual ty Impmclicakik amj niways ^'ery eaipciiHve. 

The ftD*a of ik- cftisaoii will be determiniRl by the k^aring cBiiaeity of thn soil stratum 
on whirh tki rai-woo is to rmt ami the total load to be eartiifd. The maxinmni pn^suiin' 
nil ihfi fouinlalion in'll f'l^uaUthc tola! Weight nf per^ Caiswn, and c^licrele rdlitii in I hr 
w orking chamber, the im|M*dTii|;ioaeil weight of water, earth, the di-*aj;l and live load feom 
the superblnjclun^ ahd the mnmsnt cfrects of water and ict' thruit, kiw tlm sldn friction 





























8 79 


f'AlSSOX OR PliCR FOU^^ RATIONS FOR BRrRGEfi 

cm (Iw mU^ ut t'ltilijion ancl Itw the* buoyani nf liirtplucTtl wnt-pf. \S'hfTP 

c-jLiE^oit w to n^i on n rtLrtituTii of roc-k yf other mntofiaJ Imvinff gmetor oompriwvi' 
-trnnKtli ihjiii tki^ roLiKituri nuijwfir^' itw4f, tdat^ ■usriR bf> flpl^^itnimTl wllifr ihr ^trt^Ji^h 

of ttn^ HIT by olhfT c^itL^KInmtioii^ 

Whert" urithiT ib*'- hcoJin^ on ll'n^ foiimlfltkm tk*tt nor that an lhi> cais^son Ltj*:lf in the* 
limiliiiK in iii'ii'‘rmjMioK tin? piin of Iht^ thu*- dinwiirriutw wiU bv cfr'UTiiiinod 

lev tkt^ mm of thi- pii-r nr oihir -tiniesture thni will on rniwiDO. ft w upti^ly ile- 





{c} Slfucturol 
cutting 

fldqe 


Blunt 






U) 

ShcrEi 
cc nereis 
«dgt 


(/I 

Slum 

cnnqreifi 

ffdge 


fcrl'Tiinbtr ond 

fteet plQfe& form 
culling edge 


Fn:- +> 1 - TyptHTiJ Hnillin* for pTirCuniKilr rA^cioiu. 


xiTnhln to liLkkt- the rBliWiHI piiIW'«‘llilt l»Wf fl'aH ll**' 1*“’ 

for ilpviatltm fnim llip iHwitioti in ninlttiiR. An *llawiihrt> of I or ^ ft!« cammoii fur 

drviatkptk froiu tlw' Inn- liin* in tb- rinkini; uf « ntismn, 

Two ty|)W of opUiinR Hn> in gtcnfml tw', vi*,, tin- p‘luirp i-dKi* mkI thi- hlutit 
Tb< nrKuiui-iitr in faTor of tb* p-harji it Ip* aft- that no iKmvjitirm umipr tlw cutlinR nJp- 
y tiinvitafv ti» tb- mlwph to sink »n«t llidt sir liotw not ntmlily rawapt' undi>f lb' 
inJkv fjpcauor the 1 hinp-dp- |ii'n<‘l«lw tb- »oil mmI kiJ* tb-junction. Tb> tlL-wIttmUipn 
all’ I hat tlir pharp i*dm' mny l«*nil whrn loip». iKHikli’ti>. ipr nlln’r n|»t*r!HP an- rnroiinti-nid 
nnil that thp nhnip piIri- fl«*» ">'» Imw piifliciont heariaiit area to support tin- raisoon if 
ptrH' pidit atrlkcMa pwpft plrattiin. Tb- hliinl I'dRO dow otpt Jiaw the lAjcrtionablr k'atijni'!i 
Ilf lb.’ pliarp I’dgp’, hiu at thi' .-pann’ linu' it ilor# not poiw#iP iln mpritp. tlgurr IW pbowp 
pkt'tcbsp of lypiral dinijpip ipf cutting psJri-p. 

Construction- Ciiippniai nuty b- cnnptrtM’t**!! of timber, conrit-h’, or iit4*c], or of oota- 
binatitPiis «l thisPi- nuilcriulp. Fipum 155 pIiowp a fcrtioiml eluvution of a pm umutic 
ctdwon coiiirtnictwJ of Umb-r with atwl-tnins cross hminnK just abovo tb' wurkini; 
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i^hjuiibt'r. Tliv Di ihir niLiMii miiM Lo lo rt^wl iht’ wtktvr anti 

rarth to whkh tlw^y will Im 2 Aubji^eli^. Thp ^[srking f*humiWf niLul bu buIE- 

ficntly airty^t to prj^wnt ^-rioijii leakaiiti^ «f edt^ uptl i\w roqf of the w^rpHcifi^ c-IiiuiiNt 
miwl Im‘ a ijf I Cl n vdwvr tin- mtlihg fo that u aInpl^• hi-fiiitfHiPju fnr nuMi to 
wi>rk. \^'hfo tuY to bo jJaa^^ ofi iho mnnr of tk-! wfirkinie ohatuLHT to aid in fink- 

ing tliL^ cal^n, thi- roof irhoulrfJ bo do^Ktu'fl not only for the ftatie IoeuIb but nka with an 
jilbwaiin' for impact, fiacv tk eab^ti tnay dnip (ruddcnly and ilop quickly iliiHiig Ik 
<tinktn^ pruci>^, 

Tlk’ walls of tk- cakftPll tlBllally e^itend ahovi^ I hr working cllaiilber to such n hiifthl 
that thrir tofw will fjo aho^'e wntt-r level wk'n tk* euttiiiDf n^elnv lt-1 final pa^itii^iir 



Jt? -J' — 




FlOr ta5. PucLLrnatic mu^n with vleH-truw m>aa hrfwTifia. 


Tk- piiT ia fniilt \ndilv tliifM' walU in ihti dry, and tk walU am removed after The pkr 
b wniph tKHj, Tbe upper pcitlloh of tk* ntision alxpei^ the working? rhambiT if aonwtitni^ 
referrecl to the *'crib*^ or the ^Voffertlam." 

Air Lodis^ '^^'orlrmen anii uialr rials arc taken in mal unt of fk working rhamkT by 
rni-ahn of aMtii which an- tealtil by air ]orkf. Tk' air lock iiftiaJiy cuiLHists d tm en^ 
(Miciiun nf iki shaft, fitted w'lth an airtight dorrrat the Top and oru^at ik^ kitloni 
artTLORcd ibal tk' pn's.xun:! from ia4de will hold eilhir fhut whi-n the other k ujmi- 
,Stttrtrtimn? the same shaft is used for na-fi and mntcrialf, atihimgh the shaft for n'^moe- 
Bjadl h often separate. Wk^re t he tlepth L*i not nu-n Uiniahy etilt r aiHl kavi^ 

by means of a laJiidE-r^ althuiiitb, for i^reater deplki, m elrvalur may ujh'iI. S|Kiil bi 
commonly n nwvisi Ipv Ttamna nf a bucket otliI calak thn>u|tli a shaft. 

Tk^ air hw-k fiir jih-ii is placed at the top of the shaft in onler that mi-ii nmy mke n-fu^? 
tempeniriiy In thir shftfi in tk- e^^nit tif an ttecidifnl whii-b nmy allow water to enti-r tb- 
workLim eliHinki'r, Wb-n lb- shaft rKHflbt iu Ui extended, a Vftive i» elosetl al tbti kntr^nt 
in the workini^ ehaiidsT to pn--vi*nt the eM^api^ of air, the air lock is rjLH 4 N>iiticCtec£ from tb' 
shaft, ib- ni w in'Ctiuij »f slia/t b fcMiti mil in pW, and fk- air loek is niplArenl rm top of 
the mhicul scrtioiL. i^cune typical air locks an^ shown in ikJ. 

Flotation af tha Caisson. In most eiw?es^ (be eabaun is built on sheto some distanee 
from the pijer site and flrtfih'Hl into plaei'. The displactimimt rd" the eaiASO'ii mual be rarv- 
ftdly calculated from t*aLjnintcd vekht, aruj the depth of the dbpkcciuont ao sdjuat«>d 
that no difficulty m\\ he eaccHintenMi in laiinchin^ and floaline into place. The bnttiim 
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(flj for ma I tools i&l Fai min -(fl Fo^ men and moterfoli 

FtSJ. iRh \ntk21 fof pn^uni.n-EIC' work. 

c»F ilk^ wurkifii; i-linniLi-'r ,-«rimi‘‘Eimk‘^ flmioil tviiip4.irunly ciikI mlki^l Ui Hid Hut-til ion. 

pHj^itiuiii fif lhl^ ci^nUT rif Kra^ity oLtiid th*' n^iilL^r of fluliiition inio^T ridptikiti'^l nmi 
n/rjiiiKtii with the fi^miLT wv]! Indikw llu*^ IsLlltT untl iliivrtly luidiT il^ Iti i-iolor d^uiE lliro 
miiv ktiipp dh uven ki^td Uki^ o tdiip wHiik^ il i» lihHiijt lo^'r^d into poiiitiori. 

Latmchin^ ud Locttifig tlit Ciii 5 S 4 >ii‘^ CaI-^^iu* mny 1:^? i 1 1 on wnyn Alt.>-rk|^ 

I ho ^hore launehiHi Diueh w n frhip w launchtd, \ 2 ) on jkilr }4upporte ovit t,ho ijropcwted 
uf th*' pioi- myd bwcnsl Into [KiwitloTi, i 3} Sp a djy ikick mid flontod hy tlio tvInii^hkiL 
of wmtoi'p t4) bcit«n>c>ti two Litirgi.i^ noil HnatiMl inli> pcwKioik^ or (5) un h pontoon and 
L&UDi^hiMi by Aihkini; Lbp |)oiLt<x>o Inmi tK^rH^atli iho Miiswm. 

Wfcwo \^\n^ ifiovf^J into phm\ th- rmp^m is lorak'd at tho iipproKinuilo nitt* while Htill 

fliitttnR. rt w monnt'd to psW ^lu: 40 -rH or ludtl hy a4:iLhon<, and loiulinR: b- iH-Riin njul vnm- 
tiuutxj tintil tbo t-Apzw^ latidi-d on thi^ ImlLom of ilk-^ rivur IhhI. Afti^r tho tn 

liuirli'd cm ihk^ bottom, lUi osrtiHi- of air U wminl tuninl into tho w orking ohiindM r, 
lifliiiR tho minHin, winch ihiixi w lirntti^l r-snctly on the nMiter \meti uf tln^ ismiMmy'd ^truc- 
\urv . Wln^pt* ihi' asnfi|pinition of I he wto^am Inti in nuch tbjiE ih* t^h mi ono wch- nf 
I he cMiieion ilk much bight r than on thr^ mher, dtHlrulty w likely to bi^ entNiunt^^rini in prv^ 
vi-ntinx the rni^stin from nliifiinjj: nut of pcwlioo. It iii cu-tnnmry to wlkw for ihin hy 
hindinj; tbo rAiAfon rsc.imnwluil ifiit of rw^ition lowani the hi^h jcnnind and ullowin^ it tifc 
TRuvti into plnw pu^ «;inkiiiR 

Mala of woven willow or bit^ v( sand nro |ilaa‘H‘l ovpf tbi Jsito of the rsii^ion 

in swift eurrenia, to prevent evouring, of lU? rivnr hei\ and WTtw(|uent uneven be^irinR 
iUf the rtuAion » bindiHl. Then iht^ ejiiwon U sunk ihroiiih lhu3 mtilciid Ynni. When^ 
the site of the pier w wveitd with mud nmi thero Ia little iw no current, the mml am be 
drodjccd out before lln^ cahann is landed in plaee much morti eheafdy than it nan hm 
broLiRht out of the workloje duunljer nfterwanl, 

Sinkme th« Ciisioo- After ftn' mis^n is in pUoo, il is weighli'd dow n by hlUng the 
iHH^ketn provided for ihal ]mr|Kij*e with h* nvy mnli-Hul so that it will not riH% and then 
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iiir in pu.inp4>i| ihici thin- wr>rkitig^ thoiniMyr, An nrKJii thi* workihjc ehjtmljtir in dry, iTK>ri 
mtcr ihrmijfh ihi^ aLr luckn ta mno^-itij; i hp and tlun ainkinjE Thi' 

^FPimd ai iht- ^mu-r iif ibii ^urkinic i:h4iintH>i- b i^iiuiniily t'smvnti'il Mimawhal luwis* 
rluici Eijidi^r tbi .1 cutting 4 ind Ihi! d]tip*rt mn up rmiii tlilN low pciini In ttH!' cutUn^c 

Thi.‘ aiiwm w at hJI lim.-m iNulnowl hi'tw^sfm ihu downwttpj awI rln^ upwnnJ 
(iiT-oMi nriiTi^ nn it, ofif fd iho InttL-r bc'ing thi^ air ptihwutv m fht- w<trkinpc (rhAmhN^r. 
Thi^ndort-, in ardur t<i drivt- di^wn wonJ nfPT up t<i ur uiuk r tlh- 

i'utiiniccd^iv St b ita.’t^8Kify nidy tn tcmporurily *;lack niT tlieair prL^iiit^ in thv worklnps 
rhAiubcrp uhd ifw* cicwiH of dowiaward forci.* ua^ujitly tlriv(-« tliu fubunn ilown. Wator 
jpt» niai-y (m- im-^J ta iliiiiiiiinfi nkLn f Hr don oei thr nidr. 

Thr caUmjII in guldi^l by jiiljtlntil]}( tllr !mi|Urnrr rf rSfraiVaktiuiL It is im^KirlAnt tci 1i3LVf> 
PuHirirnt ntays to krefj ihr minnoii plilinb until it ei drplli of IS tn 25 fl ill thn 

A>iL If it b nut t>l pliiiiil> nt llial di>pt]i^ aL b vrry diflirull to ^tnughtrn it Jifl-rrtt cind. 
il Lm prnctinoilly iminjwiildi' to nink n jjiTfi'i^tly pliiuib nnd |H-rfeffly in t>t))^tioEi; 

bent*** mujui In* ;idjuNt4*c| to pra^dtb for a rrriaiii nnjnunt nf dt*^'taliuti ftotn ibr 

dri<viKl poBiitinii, WJu'n^ f^w. iddf unrouEitor> a iiofT istniEiiiii niul thr nihv.r rcnuiaiiii nti 
hnrd eroumi, tilting is likrly lo iwn’ur. In h frw iiiRtM.Jiir 4 *H, wlirrr cniai^iuikN hjivi* lipjwd, 
they hnw rightixl by uttiM'laiiig mblfw mid Uirkir ikwi pulling tiuyu iolo poHitioii, 
rscinivrtting mktU^r tlir high Hid*? of ibc* rmtiTig iHlgjp nt thi:' wuiir tiitii>. 

Thr nitt' jirr^*** vhripn gmitly, drppmiiiiK nri tiu* rljiinirtt?r fjf ihr mritrnAl e-n- 
4VjuiitcrtH:l, 11 Amounts to oiity n fnudkin nf mt pt?r dny iti ^umv rasw, find fifl mm^h 
iiH K or 10 ft [n-r fky iri nthrns, Thr jiir prfT^Miin? miuimJ Approximntrly 

itk Thr liydrnrttttit* iint'Tttmrr. Tlir friidinii n'?dpti«irr to xLiikiiag varir^ niTh tho drpth 
>*uiik t\nil thr rliflntc’trr of th*^ nmlrnisb pi^mdrAtrti. ft froJii m^rnd hundri'^i t*i 

i*eir'^rftl thou-MArid poundi^ Btniart^ foot, ilrj^/ruliiig uii Hit- mil TJn^ nirtxbwLJJii depth 
renrhnt in mnw not 4 djJi^ pnriHTuttin (snisianii/i b indic-jiiinl in Tablo 2, 


T^blk 2. DKiri'iiri KKum ^VATfcti .Ht nyArK IN Pyfii atATie Ojvikhoka 


^trueture 

Yftiaiinitni 

dc!|ltkl. 

Ibitc- 

pl'l^aKLIIX^ 

MUriiidtHtl HHdKi!, ^t. Inoyb. . , 

113.0 

so 

Arrii Hriikr, dt-l.i^uirt 

, lOlbT 


\[rnipiii:H Itriijgr, MuJllpIkb. . 

100,4 


Williftiimfiure J-trirlg4% ‘Srw York. . 

lOiT.S 


\filii-!;i|lnfl, pi?iTWixpd, IMiiin. 

123.0 

52 

IlfiHkklyti lirisigr, Sow York 

7H.[I 


Un Midway lidd^^, PiiribuMi On-. . 

ii>t ,n 


Nort.ln-rri PneiHr f^rirlgi- \"ai i eiHJVt-r . 

m.\y 


rfsTuluiii Briilgi*, nMninpliix. . | 

lE^r.n 

\S 

\frlnipoEiR Bndgr. MrtnijiXklis. TTL. . ^ 

[t3.2 

51 


The rJcrai aliHl ini&trruil niiirt In- tnkrn out tliroiigJi I hr air l^n^kn, And ffrctUt-U tly tlKld 
|]bu<ting nuiy fuiVr to la^ n^MartiHl to in onh r to fiouhlcni to rarh FISEP that Thry 

mil thuH In- rrmoviMb T^lJl( ^ui-li libinting rati b- ciLrriwl cm without M-rinus aiimgtT id a 
hlowniit hftrf li^'ri Bniply drTnotiAinitc>ii. VVhni not too iiiinirrtruj», hoiihlrrn nijjy U- 
f'Ami'd down hy e^ii^vjitijig nmutid Ihrm, and ibrn tliry art conriftrd in ns n p&rl of 
the filling of the wQrkiaag idmmfirr when I hr work is ronapIrir^L Sand and sill may ho 
miiovnl by tim-krln i>hrrmg}i air lorks, but somrtioii^ I huy nfo blown on I by b,h prTflHijri-- 
Wbrn oiiT ill !Jw- hrowruH pi;w^ il* i’lnp-'tt by n wolvr- in thr working rlnimU^r. Spi> 4 -iHl 
f|i-vii>f^, rtli h iw^ Ihi^ inUiJ and rminl jmitip, haVr lin n hm^I fnr punipang oul uAnd and silt. 
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Clnyfl an.^ UrfiUilly irinm vpiiinn I ly n^ninv-rHl hy tTii^ann of hiirknlM l.hmugh the air loi’k 

rh(in in tiny otlior w»>% 

Afti^r ihf- ruttinf^ nwhwi Ok- ^irfllum nn whirh the w iifially t* mit, 

I he eaiMon i* hy ihv tli:*ijr of I he nrorkhiitt ehnmlix r aiirJ filling ihr vemk- 

iriK eluytilM.‘r otnl the ^hafl^ wjih A vf^r^' dry mlftiirr of i?fjneitrtc k noiuptiiiii'^ 

likiii|HM| m utidi-r I ho rutliiijc mlja* and ufirirt the rr<w Afh^r ihi^ dry oimojTt^' 

iii in onm^roto tit ikorliuiK itjrL^L'ttf'jkL-y \i pnHired in lo flit the rhuliihi*r. !hf* 

iMiltiiiK Ilf a ojiiiWHi lamh on ti plrmtunk of sflopinj^ rciok, iho In'n’ ^tdo In iinder^niiiH^{ 
with tinnlkor^ to kef^p tiko oaiAMiik Eiix^iity ^p|Purlk‘d, tlic oxcavalidn la ootziplelEHj to j^rtiil 
rm'k, nnd tlje workiitjc ehnjulior \s fpxklini in ihe i 4 «tukf tikannor, f'iwit rt-To for JH^alinK may 
\tt iTirfit4l ill hiiekol^ tirrnii^lk the air U^k.^. or \i nkay bi^ depoxitihij l>y a njieoieil inifk or 
(iuiiip l)Ui-kvi whirh dl^^liarneH \nU> I In- working i-linrpdMT. 14i‘^otiiHi' of the Hihrinka^^ of 
HoMiuM rotn-roto, raro ftninl h- laken to eiimnt' l\w eonriph'to hlllTIK of rhr workilijf rhnm- 
Ikt'p after (ho rotii-rotr hnft takoii tponruineiit wt. 

Effects of Cotnpressed Air on Caisson Workers, Men working under eanipreMHod air 
are Fuhjert to n dwikjM' whirh Is rotnmonK- c‘nlh*tl I hi!' ^ Ttie principal symptoms 

of the liinesLN* are diniiki>»«H heaElaehi^^ {loulilr infolaTenee nf rfawh^ and violent 

|>aii3S. rhieHy in the \p^. 

I'aiise fif L* I he fortikaiioti in the tlmihkliny^ of faihl^eri 

of Iiir CKT of fEitn'jften^ whieb may elntj the i-krrulatioli or, an elpalirlinjr^ Inny TUpture the 
iklrKwl viw^f-i, iHirlieularly the cnfulllani*^ wthI the vv\n*. Them' buhbloh form 
the b]i.uaJ of the eaiK^ni wiirker haa ikca-omi' t«±klilnkti«il vi ith al (Ike hi|^h pri-mfuit'. 

and Utk olikerpteikre fruMlfc ihe CiklJ^ll, ihi* es^lemnl preHinjn' heins: nHlueedr liw-se JIamjIvi'iJ 
I'spninlH prodiieinit Ivuhhhj^ or in the blocwL 

Twck HVEki^rikl iim’siulitina air ein;kloy*4i in pn^venl raiwiii ^nmEirE worker^ in 

eompretsMaJ air, vLs., iho employ UiOli I of ordy t hi kite aiii leil to (his kirkii of work, and I be 
n^jCkdatiniL of wcirkiTiji; inilidilioFtH PlJi^h lenilh of Kliifl and (ime of ■tei'^jmprt.'HKinn in 
t-ik**^ air ha'k, Mi^n wdtii EHtronu; h»jo< 1 eimulftticinK and rrlatjivly low lihkod pn-t^Lire 

f^iiirkijld iu' einpliuyia|, and n lljciriMii^h pbyr^ii'nl eaami^uilinii by a enm|a-tent phi'Etieinri 
should la' the l^kHh ^tf aeet'pliit^ men for Mueh emplriymenit. 

Tbi‘ chief eli'menlfl in be otiMTi'ed in working (Nvnlillonp nw the perirnl of ^■on3pE>'Tfi- 
eion during c'fi.trnni^k% the luitplh of I'hift int the working chamlier« (ftr pf-riVv/ tif reiFf 

itrlierrik ai|iH|uate viHitihktinii (if I hi- urorkii^g elamdaT, and, la^l bill mti^l hu- 

liMirlainl, the I line of iJeronipR*wiu4i when leaving i}h' working ehamlH-r, The Ijnie 
i|uinN| for compression is* hrii'f Jim I, ivy rind the n>(iuirenienTa ff^^ phywii'al eomfort, fioew 
nnt require^ siieend littentiiHk. The injiln dilTieully r4iwj^ in dei'ompivaHion+ for it L< im- 
praciiraitle to allow ns mneb linn' fnrdE-iMnittO'^ion nc certain phi riiok^ir'nl e.^iH^riimnit^ 
indientc to Jie ih^imbk- Two melhoda of pn.K-i'tJurTt are follnwiHl, ofk- empiloying a uni- 
fikritHi nite nif <hva>mpn>isii}irk, ami tin' oilier n stnge (b'CimiprcAnon^' rapid a I lln^t and then 
more jiiUiiw-1y, Tfie tntjil time nllniti'd b- not different in the two mf-thraJi** 

In (tccfiiintirescing tinifonnlVi the time allot I I by difFen-'iil a^^neiiw varies. For 
ileptbs |irtJ*i ihan fWl ft, or aihont 20 lUtle difflcuLlv ia ein^winleml. For gRhaler 
doplItSp >ijainn] (-iitt* ntiiat Ike exeernaxL A «’t irf ndes iHimniortly umh| for eoniprc¥i*iHb 
air work fi>l|ow'>% 
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11h' Mt4«e-Jj(?a3!ijprpaHQii nwthod i# based on the ttiiHiry thut bub-bliNf of are not 
relRjuied m the blood wh^rK the pnwMure in ihe hlixid dopf* not ex<reed almiiMpbeHe 
prewiiT' by mofn than 10 pm, TT*^TH?e the press'ure vmi be dimliiiphH iiujckly by that 
nirkoliai. in ikhout 3 min otid theti more ^]<iw]y for the retxuundiT of the time. 

In gferterai, flow droompr^^fHoii in ibe must elTeelivn mPBkm of prewnliiiK enirwMi 
dhv^&Ap, and this method is aiways used for ik'ep work. 

The only effretive trealnirnt far anb^n diffeam: In rerampnwiort nod then sjawer 
deiy.ufipre«iioT». If thw is dofke before the air bubblfs have Imd time In rupture lln* 
hhxMi vewk, a runs can almotit always be efTectni Oth(.JrwTfK% n't'omprrMsiori ijf 
little value. A reeompreAsion tank or ehamber.,. nsunlly called a mediral lorh, is kept 
avniEabh- outside the calwon, and Dim may be placed In fhis„ rrcompreAierJ, and 

tin n decfltnprftrtfcHi at n suffieientU' low mi^? to einnm? if^ety. 

STRESS DlSTRlBirrtON BELOW FOfJNDATlDNS 

E^e£siLr« la PImdc of Coatact Orje of iJw'- fuuriatnnhtal proWenw of faunitalion en- 
i* to cjetcmijiie lire prohaMe settlements tluil wilt oeeur when the ki^id cif a 
Hlmrture is applied lo soaL In oeder to annlyxe this problem^ ji. 'at uecejwari’ to kmtw 
what stn'WMw an! j^Mn'ratml in the sffll by the loads. Tin? problem nmy be diviihal into 
iwn parts: thi^ dtsiHbtithin of prtwure \n the tniilfieE plane between the fouiaintion and 
da* soil, Biitl the distribiilion of In the soil Ht various lii'pllie lahiw the fountln- 

tioii. 

Tl]i^ fir^it part of till- protileiu lisui laHrn inYCtfUipleii ttnNirrtically nnii eKpenmmliillv^ 
The ilieciri-tiriil invi-ilLiitniiQlis are taiaml on tllAl Jlart of the theojy- of elDurlieity whirh 
detils with the pD^uiei^ tlint ot'euf in tin* pinue d mnlart when two i*lasth are 

(Hx»ssed to^elher. In gyiieruh the diftributioii of pD^f^iun! det^ nds on the relative elanlii' 
(irap^Ttk'a of the two bodies. If ji fs-rfr'i'lJy rigid eirtular die is jire^d apairtsi (he sur- 
faee of an cittsth isfiEitipie Njlid^ tlw distrilaitjon of prvrwure in the pinw' of mrEtnet is 
that illusiratcii by Fig- lS7. The pD-wiire nrider th^ etlpt^a of the rigid dii< is thenadienltv 
iiifinltt^ whih Hn^ pnswnn- uialr-r thi- is equal Ui orw'-hnlf (he averaKe pns^unH. 

^rhe snrfare of the cLru^ic ^dirl is iie|>n‘MHd so tliat ibe dtsplneeiiient if* uniform under 
i|ie die and Ihe miitael mirfm^e renmiMs iilnoe j|in| horisTontal. Reyoiul the frerimeter 
of the die the entire surface is di*pres^-ij hi to a suqrer-sluiped ilepreAshui wi(h Ehe dls- 
plarement tain ring off to acero nt an infinite dislrinre from the [itr. Tlii^rvtienl sHilutirjfte 
for the prTsfluri*s and displneetnents wr nvathibh* for variouj tyia'H of ^urfaiT- kitiil dis- 
irilHJtionF. .All these require the ^uuiumplinn that ttw twwhes of ctjnlaei are ideal etnsiie 
llVkteHal. bul urfuaf menh th tvM rAzx asjiiiiapfion. 
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Miinv" t^xjx'tinif'niA luivr btvT\ hum Ip Id iLtcrttLtrHC' tht diE^tri ctf pcintnct pn*awyiT 

tkml mHp nf vj^riaii* Ti»t* liav* \mn made pn sniU nuiipniit 

from kwwf, dry Frtnd to harti rU>% with plate* mi|pnK leom perfectly dies to 
vpry flexihle plate*. The eijiieriment* nf FnU^r ' Uluatrote the ilifferencc jd b^liarior be- 



Kio^ 67. i'rtA^ure 4‘linLribtitinn undlef rl.cd Hrrular die. 


twiT’H AAml* Hiid rlay* ndth IdojiIb applied Ip the i^rfaoe heilI with loeidih applied at a deptb 
IhiIui^' the surface. 

The n**tilii* of Fttljer*.' tiiHtjt lire illiL^titilfil in Fip. fiJSa,. h, and d. The feet phiU? he 
umi waj* not a peifetdly fipd dii% Imf tt wiw very rifpiJ with to the inoiL that were 

luaihdi. Kkppin^ ebowi^ Ihi' ri'^olLi oF a lukud U**! on sand with the load at the iwfaee. 
I'hi? po^isum in the milt AC I plajii‘ wTia a iiiadnmm under ihe eeiiler of the plate* and there 
WA* alifiort on preasow on the anil uiulrr tlH- Mi|;eH. This Is a ven' dilTemit pn^un^ dia- 
tiibution froni that shown iii Fi^. 117, iind ihe diffemirt^ due to the fact Ituit the ftand 
I'^mlil tint tivisl lenslle otrease* amf had a lemlency to emipsie from under the nlitfua of 
the teat plntu, thereby lenvjnz the sand uiairr the eenler of tike |date to cskrry mEkaf of 
the lufui V^lum the solid amroondinK ihf^ plate wbjf louded with a aurchoi^, the 
prewiiiri^ In the mritjM.'l plane w^re ihoiw shown in Fifii, Tlir tendency' of the sojkI 
Ilk ewL’njn' from n rider the ihI|h« of the pilaEe was resisted hy I he i!ureluu^t% arid thi* 
prei>Qqiri' wa* more^ uiiiforiuly dtidrihuted under the plativ wIlliOLi^h It was stilt i^atrait 
Unrler tUv. ri-nter and leosl umlt r tlie edEes. 

The reHiihn of sLpiilor li-sts on rlay nn^ shown iu d. Wla-n the load wo* 

iipplie^i fit thi‘ surfari.' td the clay, the iLb*lrilmiuiu id tiressun- in the Eontoet plane wo* 
(hat shown in Fig- BSc, w^Meh is Kum to lie similar to Fig. fi7. When tuFEe 3i«ufs wsre 
applk^i lo thi! plate, hiEl^ jircwure* w'eo' measunNl undt-r the iMlges of the plale, w'll.h 
prt^urfs under ttu’ renter of the plate iwimewlint kw than the averogiv The* k due to 
ability of ihe clay to n-eh^t shear nntl somi! teru^ion. the elay suromjiilinE the 

u^t plate wm hiadiHl with a sun'harfse, llw jm-rt^urt^s un-iti r tla.' wigos were ruduetMi, 
slaiwik in FiK. fl8dp and thi« distribution of Fm^soure was rnore uniform. 

Infomintinn fthtait the dutribuHon of prewun^ iti the ciiiilaet pEaiie Iketwecm a f4M>tlnft 
and ihf anil ta nwAwaiy hir thi- didermJnathui ikf (he Ipending moiTM-nia to which the 
luatlisl footing would lie subii-cini- llowi'ttT, FnlwT has inveotijpjted the prolmble 
UmdioK mEirmmte tlial could Iw exp^ctiHl m the hai^ia nf his experiments. The results 
of hb ealeulwtioEis an^ shown on FIe- Fur the idml pnAu<un^ distnluitlon on saiid^ ib^ 
iiLBJcininm Ijeiiding moment in an undali'fl epn-od footini is somewhat Iw than that 
prudured under the usua] assumptions of unifonii dudributinn. For the ideal pressure 
dlstrihutioii oti eUy, the maximum IjonEfinK moment in only slightly greater than the 

I t'^AKKO, fAWAB. Fpi»i|iw tHitilbutkiii ILtider ll*WB #Eid lal^MIity fit FoiLTldatiiiCuL PA* jSJlritrfw?^ Jfa-r 
iLtwiHi>, Jltu^i p, IIA 
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pi^eSSi^ ^IS/r ^rTErfl^HHi/rr 
• 1 ? misAX^^eiSi/r^ 
r^>^^DEAL E^JSTR'IiUTlOX OJiCLAV 

F»3- ftn. Idcul pwiwur^ dairihijiiftii under be4irinK pJfit** an a*nd jind rlay, F<i#w.3 


tnuitHHit clw? lii imifurm diiFtributinn. Tlw n^lfttlvu rigiilitiiffl of nn ac^iuiJ fettling mtl 
thi* mi\ on wyr-h it Ia fnuiidiHJ woulti bf juniikr to the n-lklivt^ Hgiditbei nF ihe iswi 
pbile njid the «oi! In oxpcri[iu:ntA. It eon l;kp mfen from hk rr^jtiltji thni bending 

mtiiwotn in bolftted ipreiuj fonlin^ compulrd on iV wumption of uniform pr™uo' 
liiAtrihuLion ^'xvM not be w^rioijisJiy in error either on flnnd qr on eluy. 

Strt&ses in th* SubeoU. InfDfmatiQn on iho riiAiribnEion nf itrenscs in the foil Ht 
v&riottA liepLhA below the foundHtluti h nenwiarj^ for itrllbmemt jMmlyw*# in fimbleniN 
where the entiH! of the »ettlenivikl k tlie camprennoEL of dti^p-riotilod poll iflmln. The 
znfirhk'mntinJ methodii of ntre^ distribution ini^lve the uie of diiffejfifntial eciujitionif. 
hut iht' reflulling furmulftfi fur the Miew# lire eompAJ^llvely lEimpk!. 

Thi^ basie Miution for ihe Ftrew dbitrit»uticin In n jMjiini-iTifinite oltydie iiHi^tro|iie ^^^Ud 
kimW with m tH>]nt ioa^l tippliird vtfrlieaUy to iu plane horizontal boundnry wa^ di*- 
rivet! by Ebe Frem^h matbemAtician J. &7i4»ini!^.‘ The problem p illuatrmiMl in 
Hr. TOa, in whirh a pCfclnt kiwJ F is Hpplk'il to the pmrfnee of n jsemi-inEiiiite imUd. A 
ihree-diinenf^unal fetdangiitar eoanhimte fx-wtem ka eptnhli^b'il milh the oriRtn at the 
iwirvl of nppMmEi<m cuf ihe load. The XY plain' is ith^ horixcKnlid boundary" of ihe soliil^ 
«jh| prwittveZ axb k din-clwj dckwnwafrl into the solid. Thi- prot^lem is to determine 
the burnud AUtwes and iLtr slu^ni yt nny glVi'n point in the iKilld wbtJsn- Vector disUutrt- 
frocn I he oriipn w R. Figure 70^ show.* the three oumial stn«A!iea ond the three paim of 
conjupite shears 00 the fiiceA of » t-iiiid1 i'lementary imralleEepaprd at the end of ihn vee- 
lor H. The normal ntti'^iea have a wnRle subsrript, and the sbenm bave double wub- 
otrriptfl. 

t'^AHriieai4«ci di* FetutHds>'^ Ported 1B&&, 









STKESS I>I8THIB[TTION UEI^OW FOU^UA’J'IONS 8-Jj9 

t'or A Aetlk'nwnr tuwlyifiip. thi* anljr rtirw that nml bo connclend i« the Krtieal 
nuruiol 4lroiw on horixwtlal phuirii. ami thin jctrew » ppvon by the Hiuntion 

3 /'** 

in wrhirh th^ lftEt4<ni> hnw^ Iht* mimiin|t» ifhi>Wll ill Fi|C. 70. 





FHi, To. slifftribiit km in iolwk. 

HriIiv 71 a h ft ^kpliir rvpn^^ntiili<m of thi* vcrtiejki ulrvf^ on ft fionM»Eitjil pbini:" 
rotLipulod from ihw 4 !^^ii 4 iti«si. Tti? lufiximiim *tiiws 04.‘tiijrF uikIi'e" ihp 

UmA, aiiU the intiriNiy uf ibi' mlrta* (li^n^ftwa rapUily in n'lfttiwly shart bonOsnftUf 
Jytftttco^, Thi' iLrr® mefo fti infuiltp hririfoiital diitanrc^ from the point of 

ftpliljratiuii of llifi load, #o that the wlft'Ja# iurfat^' aii Any hnriKOTiit»J plrirwr is n hdJ- 
^hapMi eurfftci" vfith tlk" rim <if the lx*ll o^ctonding oulwajd to infinity in *11 tlln.Tttanji. 
KLku^ 711? i* A pApbjd niHifW-ntHtion the contuitris of equal vcrlicBJ in 



Vui. 71 , dlKninitjon iiM-tef l^aint lund, 

the nibsoik In ilinH'iuiorw tW atirfiii-t** of e^indlftnt vtjrliciiJ pnpsiPHiw ftn? bnJb- 

dinprd tnirfoiHn nrliirh Are itfun cftlliHJ ^'jinv^irn? luJb«-" 

TAc deH*ufi: 4 ^ji a/ iheerdimf *Jrr^ (a based ftn etrimA nssum^^ns irAicA 

are mrdfl MlfMrjIftf in /ou^'^dali'im prMtmi. f>nr of thew ftwtiiitpt ioM ia thftl thi- 

eljiatie Holid i« homogioiu^oiu) and iaolropic to an infinite defilb- Aet unJ wsila arc naually 
rtnttifiod^ iflrith hiutl laycm and ifoft layrrt l>'in|c one oiicr tin* otbor, and* in mopt plaro# 
nn tfM‘ I'urlh, iKillid rock or Aomo olhcr pmctlcftlly inrompn.rfiaibie' ™tpr^ Is fautifl at 
ilepthfi which am of th-c sune order of mivgn 1111(10 iup the hoiiiontRl ittiPtHiunoius of a 
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dilcd Utmcl lirei. HrrtiUJW rtrluaf rwrtcJiliojiJr d* r>rt 

yftiVrA WrjU 4 ffl‘n*« 9 "* unaljfmM wrtoif^ rnKti^tadm^ *tf thr MiffiJt 41 ^ 43/^1 j hniv 

brcpi 

t)hL- I>f thi* final erf TnodifiL'utissiiH wti> itklrocitieiiis^ irf 1 * ijimritity i'rtlJiKl n 

*'roitcL‘iitratifin Fat'lur." Iik nn fo 4'hi-c’k ilu’ of a i^iuik[ii<ruhli^ niimhi r 

of j^TTULll-ik^k Nwil I4.TSLR. 4iihii H tlHtfiTh* atiti O K Fn^lti li * !|oTirf4jpt‘tl niunriinifc 
for itn' rtn-i^ di^tril^Hliuia whkh iUfluili'^l ibi- nin^vnli-R^ion M- A. Biot * iJh- 

nviM -itn'i^'t'Ciutttionsfor thr in which tbt iioil o^'jithuii a. rip4i4 iiriiJi rlyinjc >MintKltir>'. 
BbtV iHiujitioci^ ft»r puiEit liiftiU huvr \n^m intogTAEiNJ for di-LrihLitril UmU, skml it ht^ 
HhifcWii ihfli iTir ( Jrilfirh'FrcM'hhi h nuifH^nTnition fQri »r ™i3 
boundcLrv rfTi'cr hnnighl aboiiE by th'- Cl unlit itiUH aj-mltT whirii thr kfcn^raltpry ip'ft-s wvn.- 
uwif^A 

D- M. BtirmiKtiT ‘ luw ik rivcil stjw for thr rnjir to Ui hirh at Fiiff rni-^1 of 

Kill o%'rrlii^ it wifl cisinro'iwlilr Nrwmftrk ^ tnt't*7kii|^ti'tl tlir in 

which thi^ maniuliw of cliL-^tkUy of thr >oil in n fHEriaontal dirt^rtion ir- pO'ntrr ilmn itsi 
iinKlulufl in tk vrriim! dinwlion. 

A jiUEnmary thpw' vitHniu* nuKiffimtiotiP call U- <:tAttK| lirirfly tuf folliWH: U'hi^n 
i hr mi\ It umirrlmn by rnrk or pom' othi r ditiil nmlrrifll tb- wriical tiiirmnl Hln-pf 
y coTirrihlntti^l m that ihr siirfwi'i' s^howri In Fi^. Thi Hah a bighi’r fn^ utidcr tb- 
cr^nliT of the lwli-^l iwi'a. WUt n a i^tiff trUMt of i?oil ovrrlica a iODft soil or whi^n ibr i>oil 
luip a knerf rla-^tic oktxliiJiih horiKi^ntally than virticAlly, ^hi^ vk-rtira] nomml b 

difTuwl nvi-T tL wider an-a m ihat Ib^ jttriw nurfarr in Fiji. 7ln k flAiTcord isiat. 

In Kuni^nth it ran br exfu^chsl that ibr lJkiii*‘*i[iii'«t oqtidticin will a Jiaihrfiictory 
Ajiproxmiallnii of ib' vi ri inil ncirmal atnl it ip^ Uirpidy n of jtidjcnn^nt oc 

to wbethtT thr sLrr;;^ cfjtiiputtdi front ttiL* cquattrill fihoultl tx- inrrt'awl or lii crttojk-tl 
in onji-r to I4ike into lyncuiiiit tb; (flmtiriration nf ib- f*oil. 

Fiifun- 70 and thr i4jualt»ii Rivni Atii:ivr rrbr to a hwi that y railiHil a ■‘^prrinl 

The arlUBi InatlM applied to thi^ foiS by foiiiiJolioELi^ of n ittruclurr nai iNp- 
trihiitid ov€^r arra/ which oo- jriiith timr^ of roiLdJi'mSilr Pistes tVhi-ii n Hlrt’OfwIiPtrfhylioo 
cahMjIntiEin in tpoing modp for Thr ^tn-WJ* ipiidrr a, i-uin^iHnilivrly i^oiiiM nprcAkl fnotinpE; 
niid win’o thr cftlfTjIation appliw to H drplh biiiw ihr Omtinn tiukt h Two or tbn?i' liirn'n 
thr fliamid*“r of tb' fmtiiqt, tb^ fotnina may ™rirfidcrL^»l on a twpint It^kt lUid llir point- 
hmi i‘c(i 4 atioii may b' Uitwl for thr ‘^tn'aia r:Lli:-iiktioEL Wb'Si ibr t^Xtws rsilcijhktjim in 
bdri|c moilr for rh'pthn in tb^ lani tbit un' tbin two or thniv tirorji ibr iliwnn-ter of 
lb' huyitai ain?a, it in ncci'^tHart’ todividi’ tb* tonili'nl arrA into •‘ninh rHH'tiim»( mid Co iiiirkk^ 
a xtrrw mlrnbitioh for emdi H*ctioii ah tLonpfh it wxtc ei pHiiriC luduJ. l^bu vlrrii^'P nmi^ 
potrd at a pvi'n (Kjiht fomirh sM’ctitHi *ji lb: IoohJihI arra ai\’ ib^ti AiJded tourthrr h> Rot 
Ibr tolal irtnnwt'«i line to thr roiln- un^iu The I'M’iint-loiiil equations havi- b‘rn intr|;^fttixl 
for variouFi ^ibipf^ of loftih'd atrjtf akTuJ fikr vftriouH lyja-;^ of ^lh-Taci^ Intol diiftrihiition. 
Alwj, tatdi'tf* anti rliart^i arc avaihihk friici which ilu- diHlributiDn ujidur kr^r 

Eonded anwi can \w {bt€'rToiEiL'<l wjEb «pni|iftrat avcly litlk- romputAtionA 

tn udilition to thr niri^sK'H pnxkkri::d in the ^uh#;Qi! hy CKtornal Irttyls applied to ihr 
jnjrfftWp il IF 3 VH^'«Hafy^ in a pndilrm of PH^tlbjnt'ui BoalyHiA to taki- into arrootil thr 
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THEORY or CON&OLrOATlON & 

pnjdUH'ii tiv ihc weighi 4if thi* w^il itjwlf. If i^oiJ hns n tinit wmjjht it, thi: 
WffticsU niifniiil alii.'iWp at nJiy dt'piii Ai, diii* lo tbc <jf tht" itself bi^ gfvtn by 

- irh 

In a !v^ttlf^mtnt-jijuify: 4 ij 4 pm^ik^oi, llk‘ camj>rtw^ibk' wil sitmtmu \b *oiiii.''< ehm^h fuumJ 
41,1 Hi ninniibita^ili" ik^ptb |■^l‘'lf^w ttu* SitifttOi? wllirt'‘n.‘ k ttas- iHMtn to an €ivi*riiUi^i''ii 

liKwl suf jpvi‘n by this lUktion. In tiumy «is«- thi' HletBS ])r™lun'U in tbo enmiWTiwblrt^ 
^^inalLirn by thi* *^3ctoiiuil Iruui is only a. snmli p^nvnUftr »f tht^ droELEly applwNl 

tn tlmt stratum by iht- uvi-rbunk'n it. I'thJjt surli wmJitious, tliL’ oJdod iit.nite! 

from itw" IihilI woukl prtwiujv (Mjmptirtiiivply ill tie coEiiprt'wioii in Hti: soft 

stntliiiii. In bU ejisi'*]* tiM' slrt*s^ei* prcsIuH'd by the of thi" soil itseir should be 

taken into Befnunt in the Htrvss-iJlHtributiuii 

THEORY OF COS SOLIDATIOS 

Theontiui CilculabniiG. One of the jHitiriiitil raujpcs of the s*'tt lenient of slmciufwi 
is (ht‘ phnnonw-ijon knon ii its "•eoiiikilidaiiiiii;' The term rutLsolidniiim ustimlly iisid 
in romu^t'mn wilh Iw-ds nf satiirtitt^l ilay, but any perirfs- whieh n^iuctfi the water 
ronti nt of a bed of ssiruraieii mW is atiled a ^*prwes^ of to sotuniteil 

eanfi .1 mini peinveLs wbieh Imve eiviniionttiwly lar^si' pcin? sEMires bcl wnui the solid jKuTleles^ 
efjnj>4jlidnticin slue io appliid lotuis ivceiir? iii n %ery short petiod of tinu* the wnter 

can t^pi' fn'idy ihmu&b Lite voids in soil. In n fine^pitinni (^hi-sive null mch 
elav, Ih- epnet^ huneuii tlu- htW itniiiin are of eapi3ljir>‘ dsmeiisiotw* and water ean- 
im ftiH fnx-ly tlir^>u|di ihi^s*^ patssaijEewnyG. When a iwdl (if thL^ hind h subject ml to 
extern aJ lottibs stresses nn' ufi in the soil which lend to eompriK!? il and to fum- the 
w'flter out of tbe vuhJs. t^inn? the voids are Final! lliAl the water eanniU ewrape freely, 
the extra pn^un^ prtM-lui'i'd by i-x1emal toad ie canid at. the bc^nninsr of tln^ proe-^ 
esa Eiartly by ih- water it th.- soil and |«irtly by the solid m\ intrtielM. Tbe water w 
fmj[! to utiier exee«s hydrnetutie p^t‘iwun^ 

iiraduailvp Mtider the i^ect of thL^ ffscea* liydniFtatie pre^ure, die water 
from thEv Tile renn>viil uf water fruiii I he elny Ew-rttuts ihe solid partieW to vnvwd 

elorter lofsi^ther. Tbe arrauKi minit of llie solid ndl i^artieli*^ t" lUid tht‘ 

volume of the U-tl of soil bs n^iuc-Ml. ■Ous fX>iisoliiitilHiii pro<^ prorc'cdiF slow^v until 
(he soil hns renetnsl a «tale of (»f|iiiEihnUtn under llie applii'd UmL If (he liiad w Uiereiiscd, 
the proeraa aj(iiiu atid rordluui's until the soil htn^ n^uE^ht'd n new stale of etjui- 

lihrinm under tin: rn^w loud. TIuh eonditioii of tN:nii3ibriuiii ip Tefmxhd to &» I(XI in^n'eid 
ajTwliiUtinn under tlu^ (liveii l«id, 

Tn Hi2o TerxaEthi * dLH 4 *<jven:ii that llib* prnn'cit^ of euiisolidstlun eould ijiterpreieti 
mathemalienlly by meaiei of :i ibermCMlvnrimie anaJojO*. The How tA wnt^r in (he jmhI 
during the eonrfCpIiLlalion proti^R^ is niinlo^tou? to the fli>w' of Wit in isolrtipie bodiejf. 
The eset^ livdrtMtutki eom^FM^nib to the teiiipenitun'^ in tlie 

heat-How proidcin, Tim cot (fieient of ^a rmeahility of the snil eorresponds to the eu- 
ef&dent of hrax ruinlurtivityp nnri tlii' etadrieieiit of rOfusdiElaiioti of I he roil eom^nidiS 

to the ddfllHivily ill tlm heat pnJi^lem. 

It tG thert^fore powdbh* to write thic diflf-crentud eqUAlion of ihe icmwolidiitton ptinH^'Mi 
uH futlown: 

in which c, i« tlir ciKmcirnl ciT crmralitiiitian, « in thi- cs*^pss bj dnittiitw prfswirp, i » 
th>> depth at whiull th.' exMsw hvilntHtHtir phimun- in iaHrifi tifl.l ( h* linu-, 

^TmxMno. " EidintniMHchupnli. ' Vmiim. 


SOIL MECMASICS AND FOUNDATIONS 
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Tliw nqniifion \» (^Uv lu Mkc Foyrier (•quntlati far tLp tluw gf 

hi'at in B MilhJ whriT «i b lemppfiltijn' fllltl tn thr cfHffBHpUt nf hFiit [JLIIiinitity of thf 
liinteriB] of wliiL'h tlio iwlicl U jrmtUs 

Solutions of tIkiF ili^m^ntiik! iff^utitiuii Iws^ik nlitnirmE lar vonouji N.it# of Itouudiict" 
ponJitkoiiH. Tikr fnftori!. tSint diMortiUiLC^ tin? biikkj.kidBr>' roiidilioiiF Ere the iiuturo of tin' 
til IliP flay {mi liotl the pi^rtiicability of Iho litoib nix^v^ and ticlow the clay bad. 
All ibc tmlijtlfinE of the trquELUnn are in the forai of Fourier ttrk??, Lyl iinsit tkf t|ii^ surii* 
cnnvkT^ mpi?lly cnatlKh m Ihnl only ii f^w tcmw UWnJ ta be taken Inin afeisunt ill the 

pTEEtical Applicatai>ua- Fif^ure 7'i illimtruti;>« n |jriibleiu for wbirJi w mM tb'iiicnt aiLulyiib 
mii^lkt la- fOinJi^ nn the hnabi of ihf^ tin-art^ af cotiKolicJatian. The jqjil of a lied of 

wind ovrflyitiKn thick bed oF Wifl clay. Bt^low tliu eJay U n layer ol luird|jaii oti 



Fnn71!. Structure aubj^-ted In cenBuUdntinik «ei|litnieni. 


roek. The frHj-waier table io ihe i^aiuitl b in the fand lx»d. The clay b ut^uuked In be 
roiiiplclf'ly f^tiimted, and all the i^il b aKctiinoi:! to tkave i?xbiiH| in ihe psiodition Khovk ii 
ill the ^i|^^urr far a period of lime tn hnve n^ehrd f?quillhnunj. A liwkcy lank 

M Ui in- cotkj^lrnrteil on o spread fouiuJatlon at the psruund Mjrfaw, and the prnblesn k 
to preilift Ihr pTohnbiFi iH-lllenient of ihe lank <ltie Io i^nKolidaLjon uf the eby, 

Tbr- liriil Htep b to Hfncure undbturljed Kiitkplo^ of ihe cby. Tli+t^j ntv wjbJwUni 14I a 
tlS'le ill the InboniLiri’ lo ili-lenikinf liie •riiliif of th*^ £o* tHckj 1 1 4 ^f ponNolidniJOiK 
Tiki' mxt i^lep k I* cuinpiile the ptrr^iimhK Ln the Mii!. lh-fon- llii^ inak b bijilL the 
in the k«kil will fie thow line lolhi^ winsliT itf Ihe jndl Ha lf. Thi^ hinza* at the top nurfini: 
kif the Wifi elay lr<l will he that iJue to the weipElil of the aalid aliovr itie flay, TKi 
at the bottoniof tlif fmftclay will Ipt tlial due (hr of llie aund. nikil ihf foft 

clay. Th(w nie rahni ihe ^''inilial cuudltlonii.*^ Siinre the itmuiorl-iinter tJible 

la in Ihi- wind bed, the weights u»d in the calr^blion for nil ao[lK k low the waler tabb 
«llfjlJhl tw' the ■n|htni^ri(e<i wetghta. 

AftM Ibc tank in huilt and filled with liquiil, the Itwd r/ the Unk «ill inrpf(i«' (Im 
etrniM'* iu the suft cU.v hvti. 'iheiw *trBwiw ntv comimUil by tlie nulhed- ihspribwl 
unflcr ".Stiw^rt in the isutwoil." The >Lrc!«s«i predmHN) by the wt-ijdn of the tAiik nrv' 
inJdnl to the iititiiil ptnM, antj the rceitltine etreise'v ri<prn>eiit (lie fiiuil I'ncHlUiori 
ko Ihe Aoft clay binh 

Kot tlM> rail randhinn illu«tnitisi iu Kiu, 72 . it vmi U- ii.x«iunMl llml {|rHiii»Ke of die 
e.ift rl»y lied wH orrvT Wily At Um- top Sllff»re irf the e]»y. In othrj- «imlji, Ih,- luirii,iAn 
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THEOKV OF OCJNSULIIMTION 
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the cUy put W iu««iuim^l tu imj^crvlauii w tiwt wiiMst diriven out af liie dj*y 
by iIm! laid tif the tank nil! Imve t» in^rruiati* upward into tHe fuiuiL Tbe dlfTmuilLnl 
eqUAtioD mmt Ihritdort Itp luti^retl wi tu NAti>fy the condiUdiiA ibftt tlujfr 

Li upward flow al thr top jujrfaee of the eltty bul no dowtiwaid Sow at the botkKOi ourfoceK 
Ttie result inR equation ran I hen lie ui^riJ to detrmdiH.^ I hr time rate of emiiwdiflaaqn md 
tJie pt^rrerit*^ itf wfiiHiliitpiticiii tiuil will oreurat ajjy ^ven. lion?. 

If it U to know only the total aniourd of eorutulidwtioii that will orcur nnd not 

the mte uf eouaolidaliciru il w wU EiceeiSMiy to ufle ikw- differenliid equHtioo. The lnt»om- 
tor>' tests! determine the reklionjdiip belwetu void ration jmd p^^fieure^l for a «rirfi of 



Fig. 7;I. Vcid ml it>|hTVwu rt- t-arva Iih-«» tuiplMatlon wltlennsnl rwTi-tlJatirin. 


diJlTefctit prt*rtirM|. and lh.ii! relulioikt^Eiip ran be reprewnted b>' a eurve sliow’^it iii Fi|r. 
73. Whi^ii the inithil anil final El rrsw eoiiditionis have been eoniputedp iip 4ilr<-]kdy di^ 
Kerihcd, vjiluet« of thf void ratiew c-ofrirspoiidiiii; to th^Me presfure^ tan tie obtaineif fn>in 
the t-ufve. Tiie total siirt tleTni^nt that mii In’ e^ia^ted to oceur may I hen he deti^rtriiinmi 
from tixe equatieii 


.S 


H 


fiT - f/ 

I -hr 


in whit'll S * pettlmienl, in. 

|i » tlii<^kni':HA of clay la^i, In. 
tf m ftnnl void ratio 
K initiid void ratio 

[n order to di'teriiHTie iiiitial and final void mliov for mjN-litutton intn die settlemcnl 
equulioTip it 1 * i-ie'torieiry In eoliipub' the tiventip- id the LnitiaJ stmfties at the I141 and 
the bottom of tlie eluy U-d and the nveni|te of the fiTud NUvwrei at the lop End IjUltoni 
uod to Eeltiet fniiii the eur^^e ihe void ratioa* liiat c'orri^pand to the#e averane 
JiLspcrii'iii'!! liHJf ehnwTi that petllcmcnl ntmiyiKW iif thi# typt% leArn % a 

aivf t^perimeed Mth fr'c^mVidn, can be c3(;>i*c tirel to pretiii t the aeltlEiaent of a sdven 
«Uucluri- with reDMiEkable Eccunicy- Ordinarily the qiie^tiDu to be ikria*en?d U whi'lher 
the tAftte Would settle a few mchea or a few fwt. It u not necessary to oiAke an ebibqmte 
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mih MEC HAXICS XSl> TOUNDATHJxVB 


Aiul ^xpetu«iv<^ ins’etvtijpkliun to biiHwi^r thin qiM*«tiDti. Ih mcmt canup judff- 

mm( hwffd an afiw nmp^ will cLet«^rmint libi- prtihabli* nmjcvuiii of Pd^ltbme-iit wilk 
Kuffif^kiht Ammiay m that n caei \» maita ah to i»'hc*tlii^r thv ntniclim.- a&n 

lillowed to J4f ttle or wfirthor it w to irtutiill n ffpi-r-liil fcmnrhitiDTE to plit£iiiiiil«> th^ 

poR^itillity of 

SFTTLEMEHT OF STKUCTURES 

Pnnciiul CAUies of Settlement. The^ ptiticipnl prnliJan) in nil foLiUilatioD enfpncerini^ 
Ifl to dfHifii the fouiidutiUEi so iJint tKr ^ItJpincnlH will be fmaW had ui^ uniform m it 
id pcw?4ble to nmke them at a n-iuotiable vosU Jti nnlur to I he Kltleiucnt iwo\^ 

lem iEkteJliKeiitl>'t ft is we] I to huve to miod an outline of the priucipal caudm of Aettliuneiil. 
Sueh Ail outline h nikowii in the rdlowiii^t laldei 


I EIaaIIi.'' dproTiruilion 
PWtie flow 

Cfwotidiilioii 


Setllument* muH^ by 


Dynamic 

I Noli i-ompAction 

l^werininr ^und 


Adjocvnt openttinue 


Xew* utrurlum 
Tunjield 
Open ctitd 
Pioj- e^vationi 


I Uiidei^aurKl ero«Qn 

MLficrlLanonuA | Cbemkiil elmnip^ iti anjl 

I Fro^t ndtiou 


FiRure ?4 refeni U> eeltbnientd dun to elaafie deforuMtion or pJojitir How of the Mill 
below tin- fournlAtion. Fif^um T4ej mpo^nt^ a hkiiiJetl urm on t}m jtroiiofl surfoif, Thu 
lioltnd linn i^howm the nuioiier in which the soil flurfnee hs iJeprem-ii uitdnr much n load. 
If the amount of the loud IP InemtHcd up to a certain mtliyi] value, actud failuiv Uike« 

FlO, 74, 8rjiil dEforinALic:i]:i. undi>r loarfieif teal platea. 

pliice an shown in ¥t%. 74K The (wiiiJ foils nn phear ptanep irnilcalpd by I he dotted lkM?p 
and there If- no uiilicavikl of boiI Arouml tin? loaiji^l ofoii, 

€omplel4^phenr failure^ ed roundAtionm tn this miuiner arc Ireq wnllv wn in the railures 
of docks tiecd for the of iron ore, limeatoue, eoal^ elrt,p of whk-h there have been u 

iiumlxr ELjmund the tireat JjikctL An e^noiptc of a complete fouadatleio failurr! of thiit 
type i* shown in Fir. 75. The sketch represent# a ipuin elemtor that wjia built in western 
Ciknada About 25 years ojco n* phown in Fix The apiiruuiruilir dimifOBiunii of the 
atructura rto shown on the oketch, Exm vatinm for the foundut ion wtw imrried a bout 12 ft 
bchiw the level of the prairie, tk^kiw tlie foimdntioo then- was a strotnin of tirm blue dny 
55 or 40 fl thick and then A 5-ft Htratum of clay and bfiuldern overljin^ linietitufie rock. 









8-y5 

Thp RTAtn ripvmloT tmii mFuitrLirt4xl witlmul cliffirullv aitd willi Ittilo or tto n^ttlpinrnt. 
WlK^n th<‘ him wfrn filli'd iiith gmJn, ran^ wu^ Laki'n lo twp tb*' jswn at RpproTiinatdy 
Ibir eanii- level in rH I be hifi* tm I be fllUnpE prncwli.wi- Howew’r, when the bins w<^re 
almost fylln ibe stryrtiire began lo tilt. Within 24 hr the srtnjriurr tilled into the pewi- 
tloD ^hown in Fig, 75b, U was about 27 nut of plumb when it rame to rest. On the 





!d«le towfud whtrh ibi^ elevator liludn the i™il hi^avid up, and ihb uphmvnd tRiil prnba* 
hly prevenl^nl Ttw ebvalor frem turning over rompb^lcly. 

CoiieiitL-ralioii t>i the smiil rimditiom ^'fbo™ in tl}^. 75n Indicates lliai tbi- hrm blun 
o1a>' wai 9 i!-ubjeeti.KJ to wbnl amckunb.'^l to a liunQi'-hi'iile scj^ut^exr test. The elay wai^ 
Mjiieeied la't WL-i^'n the prenically rigid fowniiation of tile gmiti elevator and tbi ur^der* 
King Totk. Evidently ihi- sht:aring Ftrfw-!* in the stoil under the -itruetune eseeedpd 
tbe H>benring ti-rtrtann^ of thr MhI to soirh an oiteill tikal cotnpletc! falJnrv uf the miSI 
necurredJ 

Hgtiri' illiL^tmitej^ soil rn>nditcnnJi wbf n? settbFmi'iitfl i>CFiir bi^ause at the eonsnlida- 
lion of Kutgoiti'd eJay biviit. Figurt- 7tlo n'pnsM^nts I he roll eotidition tliat iis typjral in 
(lowiilnwii Chtrngo. Tlli^ rtn'et grades are- apptTkXilnately 15 ft ab>Vi^ lake level, anil 
ni4j9t of tbi> older buildings have fKanE^^niinitj^ wliirli wen^ exeavaleil iipproKltnatoly to rity 
datum. Al the* idevatiun tIn-re is a simlnin of tstiff clay wbkh varii^e frtuu 5 lo 10 ft 
in thiekmw in diiTeomt parts- of the rit>% Ijoud irsts on snmll areas wt^re mmJet on this 
Miff elay; but, at a ^iepth of 5 or IQ fi ladow a liwhuJ an^ imly I ft m^|iian\ the streamvi 
in the (KPil pnurtieally vanish. Aerorclliigly^ riie load test on top of tin- slilf elay stiatiim 
applied prartieally no kuid lo I hr Mift bha' etay iadow. VVh-ii the oiitlre building waa 
built, thi: loaiJs of the building produeed of cortidilrrable maicntiurle in ibe thick 

sf ratuEii irf siift blue elay. ,As a snirn?' of ihe uidrr rtnietun^ in downtown Chiea 4 jQii 

have set til'd me inuoh as 2 Ft, and jtel Ik'iiu'iits wen- bmught ed-Hiiit by tbi'- co-nsoikla^ 

Mon of thi' j^ift blue clay. 

Figure Tiif^ represents a nirtietun' built fui W4MKil-|iili- founilatioiiH a hieh setllid in a 
Hiniilar timnni-r l*et-aust- ronfadklation «f the underlying etay. The exeava- 

Mon was carriid to a depth of aluHrt Ifi ft, after which wuoili'ii pitf's drivt'fi ihrcMugh 
about 2G ft of soft sill and cUiy in biranng in a stnihim of h^nd. This mnd stratum is 

I AlLjlIIUe, *■ * *’■' Tlus VmII lifm ukI lljalOinE nf ■. .MUIliufi Gffehh tlvVklUrP^ Tirdiiii. ASCH, 

HD. p, l&lflr 
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Pra. T<t. Kve[ipiiI nkuwd k|Bi^<krl^'itiji nott atri^tuiii. 


lUHU-rluiri with tt dii-p U.'d of mti tUy r^^nlAinhiit lnyi^tn isf muj*] tuid widy clay. Tim 
flytuifnic nwtiuirf^ devi-bFHiif hy thjLf |h 1 i-ie was flful lu^d uiifi nia itmgjiv 

pik^# fftirf kLw RAllATfLctckry. How&vwr, thn idso arid wvlfi^i of the buildiriH w^irv ^ueh 
I hat Fiiv»LTi (if eubMilemble nuign tlude wetr Inwrwmittttl thmii^li ihti pik-fl and throiiifr|j 
I he sand slralum bio ihe unrhirl>ing mth elay, Thk fftroetiiTo «Htled idtnaiit 1 ft in iht- 
Brift ymr nfter li was huJIt,* 

Another type of settlenuHul iLul in Ircfiuetilly enrounlen^ in thttt due to dvniimje 
for™. from thb rauMi iwr liociir in all kinds <pf soihi, hut tbt^y me nraur 

eomtnrm in looser mul txijs. The st^ttlenHmta nm dtie \o I he aelion of strasn wfivi?n 
mdiatin^ from ihe wiron □! durturkianee And to inert ia for™. The amra^ nf dinturhanfM; 
niijtht be a mdpfijralinR tnachdns, heavy traSie, mi earthquake^ or a pikMirivitqr nF»<-™- 
lion. 

Flitun* 77-1 repn^^amta a sotneo of dwturbanEse on the jtnnjn<l siu-facv throwing imL 
at mas wavi'n jntii the nnl as SndieaiH hy tlie dom'd curve. At suips dintanoe from 
Ibis iKMjm' a Pimetime nf wdght W rcnU on tbi^ ppoimri. Umler the action of the fFtre«s 
waven. lliis rtructuro is nnlijeet^Al ti^ acoi^k^mfinnn which laniduco inertia for™ no thjU 
ihp l)etween the strnrlnm and the ktouikJ exceeds thp> nLatic pn-#f»tin« pfodured 

by the weight W, As a rennll erf llneni' inertia forti* due lo lbi> dviiamie dislurhanw, 
llte strurtum lends lo s(«irk slowly into the Brnund wlwu the dvnamie disturbam^i is 
coiitin^i for a eoiufidi mbk? period of tiim'. TIh‘ amount nf wrftktnent that miglit 
(KTnr in a ^ven case would ilepi'nd on the itrtifiigtli nf the soiirn;? as cfPiiipiLtt'ii with thi; 

Knm ChMpl^ la Etieas-ins J.«r. trnm. C4rf JF-er-. 
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nuiwi uf vtnicliLn^ A vvry wmlc wurce of Tibradon wvuld hAw little or so effect 
Am n wry hiavy rtrtictuTt. 

77h A eoniUtioTL la Tvhich compticitioo of a looeo wnd bed wjm^ caiiHRl 

by a plkvdiiviag ii]]cir%lioa. The scdl condoled of appnxdauitely 80 ft of loa«e 
and i^vrl civeriyiiix nick. Thu^ builrlinf( aifa eKca^'ated to a deprh of about 10 ft, 
ttnd pilefl wi*ri? ddvoii m iHl* of thi- f^xeAvation. ft-fore the piles trerc driven, 

^hoH ndnfuJTji^ rotis were driwii into the f^uiKl to serve as level bench marks, 8omt^ 
of theflc were driven in the bottom of thu- mccAvatiua, others were on iba mdc Elopes, *nd 
others were beyond the It^p of tlu" bsidc on thi-' k^wl ground oulsicte the building area. 
The wen;' rlriv^^n with a riiiRlif^^Ling sti^ain hAtnmjT delivering 15,000 ft-lb per 
Ihlow at the rate nf AS bUpaTi per niinuto. Alter 100 or jnore piles IiaJ been tlriven, it was 
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I'lii. 77- Srltlepnt?iil tlue I'ibrAtiom 


found ihnl the vibraljons hiwl esmwKl tlnr eritirv am* lo i^fttlie, aa indicatrd by thi> <lotU->d 
line. The nnuLimuin wtllentpoi wpj* in ( he Isktiom the exeavatkin^ when'^ it nfm^unti-d 
to alMiUt fi ha. Then' Was st^tth'nient of the side .-^Ifope* and svlllrinent of the top of the 
bank, wbieh tapt'n;id off to a feather tnige at u dblanct^ of fiO or TS ft fnoni the ftsp of 
tin? slnpi". On ihli pnJlleukr job nt> serious conmHjuk'iiM? rt'sulteii frcun this setrknient. 
The site flits in an o|itat IilIlI, and the prineijirtl irnnKwe of the pib^^f was to «amp&nl tbi- 
liKifc^ bed uf nauad atid |?iivtL In stinn* earths setllen>eti£A of this kiud mn have wrious 
«krM.^Ui<nceA when the work is being done in un anta HurfotindetJ by ttmldingi^ and citbr-r 
Alruetiirt'fl. 

AnolhiT pbtmomericpii ilmt prod tiers Ftrtirt u ral -n^th menls m ibt- k iwering of the: 
Kmiiiid-water tabli'- In sfime I’aH's, thi^ sellb nients due lu iMs caupe an* bnaiRhi abckut 
by cbniiaii'A in ibe sdn-'** e<jiidition.s in the tinderlyiiiK zhjsI. In oi1>.t ihi!' luwering 

of the gnniiiebwati.'-r faJjle brings atsiuf rt.UlleinentA due to mil ^hrinkagtt, 

Tl'w'n’ An‘ several ean-^'s fur ehanjpn* hi griHuid-water lev^dv tln« these is thi* 
smMirkaJ Hurtuattoil Unit lavun* in sk^miariil hs ihe impdcs whi^m there are 

long wet and clry i«-a»oiii?. DuriT:ig iln^ dr>^ seasim, the water nuntAis into the g;n>iind, 
ami thj‘n it im-a itffaiii dnriiig the miny si^fu^in, A mother thing that cAinva changes in 
KTouiid-wator level h pciurping, Cmwifueliun work of nil kimbi is often AceompaJiied 
by pninpiriR ni^^^ratirkruf wbieli In wit ihi' groiind-wAler leveU io the vicinity of the job. 
Tht coruitnirtion of d^^p « wers and subways often iowt'r^ groMmhwater leveU ta-nmi- 
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SOIL ME<'HA?C[rS AXtJ FOUNPATIONS 


mtd ihpfp nn> tnon.v ca«>i im nrconi wliE^n^ (!(MuitryrtiiHi Iihh knumi fo 
ihr f^M-tid-wBliT taJtk itiAny fivl Sn^lijw itn iiiipiyiJ l<‘‘Vrt. 

Fij^un^ 7S illiuvtmie^ thi- E?htyi|^ thul rmn uci^ir in Aail-f<tn'M n>fHiilkiiii^ ijI 

1(1 wmn^ id thi- icmdTKl'WAri^r teVi-l Ttn' nv^licir] qf eomplltaiioii ip mi folkiiip’ 

l^t ir • unit wdjcht id wfttpf iM B Ih |Kir ft) 

.■< « Elf mAI Ml-liliK 

fi - Fh.'^rtiititafce of vnidp in Piiit (35 ppnft-nt) 

IVm - wi'iijcht id Nii] in nir 

■■ siibiili'rKi.'cl wk'ight nf soil 

Tfn II H « - .Sirtl - n} « 2 tVS X fi2 5U - P.35J - lOg lb jw-r ru ft 

sr^ - iy?ir - If >(i ^ ni - r2 OS X *52.s - «2J5)(1 - ^ or Iti r m ft 

Kijjiinr- 73^1 h pclriI bn-mj 20 ft thick tiy-ifrlvini^ ji pI rmtiim ii^ «■!*>■ which in I Ljfij 

bi midcrlnin by mon? wnii Thu ground- waIit kivd its^ in ihc ii|ipi.-r jmiid i^trqtLitn S ft 
U^kiw tbi' gnjuEkJ Purfncc. The a^^^uriipEiun ia nunft- thjil thia eundilion hu t^xiMtc'H| for 
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FlO. "S. Bcttleikpnut dui* in BhlfOtut ktchuiuI WAWr. 


It KiifiiiHt^nt k'tKtth nf tgnu" mi ihul the hyrirwtatir aimlitkiiui in fhi> [jinuiLri gui- HtAbi- 
lin'd. At tiK- top AiiffncF of thr rluy stmluni ilii:ri# U h prnvurr j, oa tb‘ RoliJ pjtrtiptm 
of rlny tiue to fb- w^iiftht of ihu ovorlyinn «ind. 'rhii MiiMtatii iif 5 ft of dr>- 

mhd woiKhinK 10» Ifp |Ji‘r r« ft nnd IS fl uf jiiit.nii>rKi'ti sand 08 1ij in-j- cu fl 

Tb’ iinuriiri' p under tlu-iii' rrinditiunH KiitaimtR to l.Srti )h [x-r wj ft on the lop^urfae.' 
uf the ciny nf rnliuu. 


I-lKuit' 7Si repewnta the mime noil eohililfna with the (tniuml-waliT bvel lowea-d 
10 ft- The pmsiiin' on thi: lop nirfATt' of tbi rlftj- fttnluiu haK e hfcti|^ t to p\ wbieh ia 
dm' lo the wei 4 (hl of IS fl of di>- nhhI mn'i^hiiin lOS Ih jut eu ft atiil 6 ft of suIjnKrKid 
n»nd 08 Iti ix-r eu ft. Tb- pieKtuti' p‘ nitiimam to l.StJO i!i pi-r h] ft Tho 

t04t drop in lb Krmind-wntor level prmJuLioe nn weniuK* of alMiut 25 pereont in iho 
preiwu,' nl the top of the elay rtmtum. Thb ehanRi' in poil pn^urt' i» ciften carwhJe 
erf iJfodueiaK eonenliilattoti «tili-ini.-Hf in the elay m ml uni even though no cxtormil 
Iftwi ifl appiiiKJ Hi Ihti gronrirtJ surface, 

Altho^h the fiKun- n'few to the »W in which tb water h:vt'l b !ow^ t«j in a eanri 
lied, H mnnlitr ebuiRo in noil ettriHeo oceim. when ihi- water level in lowered in a elav 
biL lloweioT. the pn>lrfi-m of nimpiitinR atrew chanRia in rbv L. aomewhat mori' 
<Tmiplicnl4>d of lime 



















SETTLiEMEXT OK t^TRltCTU kE^ 
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70 illuHlfatea volume tbtuige^ in Mik hrmijslit aJiout by ^Tirinkji:^ wht n 

water h rx miived at when tbt^ groujid'WHter tiible b lcriFi;*reiJ. TheM^ ithrinlciii^^^eeta are 
Eiioat eoinmnn in vfry fiise elayp. They an^ iwt umioJIy itnfwrtajil in sasitli* and 

other fiurly ooarp^ pium‘*i waib. Figure T9a n^f-PW tJi a verj' fim^-RraJned vnlcaJiie cla^ 
imm bkrsieo City, A cube of thk cLav 10 em on a aide was rafrifijlliy ftarA'ixl out of I he 
Itmuiid in its iiatura] Httumlod cotjiliti«in- Thi' cube wm nllowpct to dry out nIijwIv in air. 
At the l■bll aif about SO flnyn, rnlie whiii'h wan OTij^iiAlLy H> fm on a idde had riwlxjcfii ip 
volume until it wiv^ a culw- 4 rni m a niiie. Tn other wonb, t he onttinaJ vcaliiirw^ ot 

1,000 PC arf i«iiS and water j>hrank to a volume of ahoiil (el ee of wil ami mir white 030 rv 
of water evaporat^^d. The Initial vdd mlio of ttw’ nample was ihen^fore or 14.0- 
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KiO. Tta. aaiai-eiiaeoLi^ due toihiftUi^i ground water. 


Th*irt’ an^ yi^ty few with in whirh the anuaupl laf ithrinkafii- b m ipvat jtf ihifl, althi^UKh 
ihi^ie Kn^ many that Bhriuk takiuiderably. 

Fiiture 701; repp.-4niLi an iuvi-vLigation of tlik problem that wit^ rarrietl out by the 
Texats Ffighway fii’fiartmerit. A coiic'tvte hij^way wan built over a (h-ei^ la^l of 

Itni'^gjBinr^i clay anil a eandpl nvwril waci kept »f thi* iM'bavior of ihis^ hjghw'ay alah ovi^r 
A pt^riod nf 5 H‘veml yean+. In tV fuiny staiOK^o the Kn>und-w‘jiter level wjih fairly elcme 
to the ground surface. Al tin" end of a long dry apaaon ilie ground-water level Pd.n^Ual 
"20 or "25 ft below the iurfan.*. With thi^' ehaiiigeis in jpround-water level iht- hiidiway 
flttfi moveti up ami diiwitk arul the total amount of ipoviUueiit waii on the order of li in. 
That ihc^ cimefTle paving wsj. ll in. JowL-r al the i'nd of ity' dry iit^asicn than il wjoh al 
the end of tht! rainy pea^n, and the w^ttkimi nl anil uphniavai of the wlab well' brouKhl 
abi>ut by thi" alternate shrinking luid siwi'IHng of the eoil- 

Ih order tn detcfinltje how thb^^^ mil movement.^ vnrii'tl with tin* deplh liebw tin* 
KTuuiiil flurfuee^ a pwett-a of undeTgrmiinl beneh inarki= wtls in^laEliHl ul diffen'ot dipthp 
hi the grouiiLl. Level olw^rvtitiUEi^ on Ibe Ix'iieli niarki* iiKlicati'd thjil the Mjil nmve^ 
nieiita were greati^t nmr thi.' surface of the groiuid and thjil theto was pTTpetieally no 
ipovetncnt of the mil at depths oti the order of 25 ft where the mil wm eontinuniisly 
MUtUruteil, 

An a part iif thin sutni^ exfa'timeiil, a Targe spike wns driven in Uie Imnk uf » Tree 
alaiigdde tlie hjgliw 4 &y% tjt'vet readings taken op thi* epike showed thnt the tree itaelf 
won moving up anil down with thi' sH>il aa the eliungiHl from wet to dry. 

Forccfl of emwmoufl mnEnltude are prod need by the awidling and shrinking of i'erfidn 
kinds of mih aorl very' heavy buildings and other -nructures luivv been Tnovpd nnd cracked 
from thw cau^w,^ 

Another soureo of settlement k that due to adjnif lit ojicnilions flueh as the csrnva- 
Uop of fiaaementap tunnels, open I'Utap ot pier e^ci^avations or the i^onstructiou of heavy 
stntetures OTl spresd founJalions aloFi|fside eKlslinR .KlnletUh'f. Figure W iHustm1+T^ 

rwhifHii vyl- 'i. !.'> lU^X). 
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th^ r'hryitfi-w lluii mivur in euiditH:liaii with tiuhni'- vArioufi t>'iMTN of oxmvtLtjitm. Fikuct M)n 
A lon^ptudiimt mtjDn of ptiiiwnv tunnel. A» llw IteMtlingt ii Acivtkiir«*d ihuMijch 
ihe soft jiiljitftir oky, idiotic It A tt'mlffiify far thv elny io flow towAJil tfw- hi-Acfing At iiH 
UicAii^ tiy tho iLrmvrq, emkI tho tuifnc^ of tlie flrMt ubavo iho tutinol tkf^iuttof 

Im pf xrrKdiil. Fli^rr KOA It n tnii»rf'r¥€ Hoction ol ihc natne liinnol, nniJ llio Arrow# rrp- 
i^Tit thi.^ tmmhrr In whSi'li tho rimy loniit to How towiArrl thp hf^din^ of the tunnel frcnii 





Flo. M). Bcril iiknv^Eiienu iln? to cxcnviitianr 


die Midm. The cannequcnt »t tJrnient of the ttreel Furfucv dae to lost t^mqinj ii mditated 
in dw ftliet^fcu 

Tiitiio? SOf repretentt b ileup cut !<iuppi)i^t49d by i^4«fljikg Hnd braeittit. Kven when n 
eut of iLw kbd i# uiHliiIii?d with ureftt earr* tlinie m Blwuyt n tenikncy fnr mim tetlk?- 
fiienl nf the hiirrtKiridiTiK i^rpuiid- The hmdnK cnn bo Liutidlod only ap exoAvuijou pro- 
Ai^-ipnitntdy, thboui^h nheet pilintc mny bnv'e b&en dnveii befori^ jmy exravadun 
wAt liotio, the exmvBdoii of toll be-low the hfit K-t of limeet perniitit tbo fwUng to loove 
in lownnl the eut ito diat there Im often some #el lleinent of the ground v.t the loti tl»* 
nitr The nMvemetit of the idiH't pilin K mny Iw nn in ward moeemeist nL the battoni uf 
the «yt. w nbown at the left of the ISkuw, or n hemting pf die piriiig^ toi nhown nt the 
right. 

FiEura ^ 30 d repnoi^nts a per escaentinn liried with laRgttkE and rinj??. The oKimvadon 
I* Always rjHTied below the lowest set of lajtging, rind them ii pjwA.vs a leiRleDcy for ih& 
sod to How toward tbiH open excBVBtion, an Indii^ted by tbt! arrowff, Anv iiionsklombk 
raovifmeiit of the i^rountf at the twttom of ihs e^eavatinn k saro to he aceompAniod by 
some settlement of the ground; nurfAce around the top.^ 

Fipir^ SI unothcf of wtlJcnwfil that in breiiKht nboul hv adjiwMil 

appratwHB. FiEuir SI a reurwent* tfru ntnietun^ tm icproid fcmoikUoiw, Ai}ii Fig. S !// 
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FiO- SI. 5*ltlfmient due ti> ■Inirtura, 


slvive whut Bomotini^* ImppenB lo rufrh ulruL'turw when hcjivy huitt hIojik- 

jiiilf of thptn. Thi‘ weinht nf the npw InjiliiiiiR w duffiewnt tq eauw seltlemwit of On' 
under; vine mH, inid Hie urru eoven^ by the set tlement is not limited to the of I hr 
new build Tire ndjairent stnjcturfs aHJ affeeterl by the wttk-nn-rit of the new r^true- 
tura M that titcy eetllu and tilt, 

An example of this type nf settlement In eliowTi in Fij{. S2n. Tire buitilroB ul ihr ex¬ 
treme left ii u modertiteb’ hrtivy ait-etory structure built on spr™! footinp. The slrui- 
lure hail willed seeemi feet, nnd the sflUeUM-nt hiw affivtcd not only the two-alort' 
huihlinR imnin lijt teiv Blonpidie the new biiildiiiR, but nlso the iwo-»lorj' buthline lw« 
.inoni awny. Both tire smaller buildinp have been tilled and enmked because ot Ihe 

settlement of the new Ftmeture. . , r i. 

Fitpjre: Sift illmuratea n rfmiliir oondition where the heavy buildiiiB on the left has 
draKpd down fins adjacent two-tlory huildine to jueh nfi exleiit that the Kniill huiWinii 
WM practicjJly iltatitived. 

Thm are Qtl^r miM^lliiUMiw nf peitltmcDt mich as ujidpritrotind erwnnn, 

chMiiir-nl clmngin* In th-s wdi, ami froftt mHoh, 

liuderBrcHjnd emnion U not a serious prohU'iu in caws of natural How of Rfciund water, 
Tlu) mov'enienbi of Rrtnmd waters in all kinds of soil are usually extremely slow so that 
uuderxround erosion d«* not Mmmooly occur ftom naluml causes. The j^rableni of 
undernnaind er»ion nu^ht he serious In rtiiuv where pumpinK « done. PumptLg sonirv 

times produces velocities i n Um KTOuiid water thul couU enure senouH erofion. 1 iRrirc 83 

illustrates a enre of tliis kind, ,A pier cscavatimi ii la-lmt made aloopido an esistmi 
building. ,\s the eica%'*tioii p«*re# ihrouRb the clay, little or no pumping ts requrrod. 
At iKuikP depth ill the itround ts a sand ream that mijfbt require eonsidcmhle pumptns. 
Whenever a siiuatlmi of this kind occurs, the dischnree nf the pump should flow into n 
wootlen iwot or a catch Inisin of some kind m llrat the direharp water ear. he exrutunerl 
to see whether or not solid jmrtiiilivt an- Iwing pumpe-J aloriR with the water. If a pump- 
iiiK opeffllion of this kinil were to P'muve any roiLsiderabh- amount of mtid, it would be 
olmnst ci'rLaiti tu Settle the niljoininR huildirin- 

SeltVmmila due lo phemiefll rhansrs in the sutisoil are rather uneoramon. Chemwn! 
ebonites minht occur in hik'd ground, oapcfflally if the liU contnim-d mate™ls that w wid 
slowly osidia^ and dUinlsBfate, ffmcmr, prrnwacn/ nlrurforc* lAonW n^cr be buM 
on fill(d ffraitnd. A boi of jieat is subject to slow ehimiical change*, and it gradually 
shrinks while it change from peat to ItEtiito and Own lor eool. Aea)rdt«jl;i, strocture* 
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Fi<j+ Sli, dui: Ut ndiacent BtruflucvL 

m mihf mniainin^ peai Mm tnruttJ muhjcfi j« Mfitlemrnt /r^wF^ lAfi fjjuw in adtUUfm 
ip uUlMmeniM iittM fii Ikr mmprr*m(7n of Ihr pmf, 

Thi? rn?PEiii|r of Mil (icL'UF^ by 44 ^r^N^ltiLhiiikllng prorw wliich fomw ife hm^v in the 
«rttl ttuuw and cauaeti Hml ypht-nviil. F^b^txiuonf thnuitLi; ealw*rf! mI tlEiiiM^rhti>. 

Uroijli'injt kyv'oh'iiiK frost artiopi jtrp more impfirtunt in hijchwAy eJiKirieeriTtK tbm Ihev 
nn- ID iftruetumi eninnii-itn}^ OiRhwriy »in\w nm htiitl cin ihe surfjiw of the RrrjLinil 
where they are often eubjecEed to fm«i oflion in ihe Fnijmlotioiwi for atrue- 

tUTe# are usually baUt well tjflow ihe purfniv. ntc de;i(h of frost n^-iieltuLiaii 

for most kFealittfifl is known, cmd huildiiifc 4?ar1efl UHtinlly rerjuim tluiE the ffyunilntidcu^ 
for fltmcltureii of nil typen must fonnijiii Iwlow' the frost line, 

Senlemetit Fredictloiii. At present there Is no iali^fsffory^ methtMl of predieiioK 
the seltlement of ilmelurw foutidiMl on deep beds of j^mmilnr wjil ^urb as mml or RmveL 
SftllementJi of stnieturt^ Imih on Fiieh «iitp an^ LisLinlly f|uite smEill evrn w hen thi^ snnj 
Of (pravel u In a comparatively Ioom msMlitioii a» limj? an the npphed ImtW are HLitjc, 
DvMtmic ttiod* or ribnaiimM con aijor wllJfFrmrnl* of tojiMidtfahU maffnitrniM la loote «ind 
btds. However, iinet 11wrt? i» no Mtisfaetoty^ nciontific prrs-etinre nvaibble for rah uhtt Eiir 








AXD t’XtJGRFJVNtXG S-lUC^ 

ilii* ;troh4ib3i; M>tll«>iurnt*, ftredirliimM of MtUlemmbt MtruiiurtM hmit on UtU of tontf onrf 
(frarW mn ^ muidt milif ^pe ths baEiM pf pmiouM txjifrifncf, 

Fem- HtruptHTi** [flund^Mi on IunJh of NilumU^d cUyr iPn^rtiofiA itrt> on 

thf thrwrii'4^ muRolwfutifin iind ol pla!)t.ir flow. CompAfiMiiiA of prtdiolod Hottli'hEotiUE 
with lurtuiil niE-itHun-tl wtHpiwfMp on a jtjrtit mtiny idruelunv hovi^ tli-iHrisiuplmifHj tlmt 
thc^ lhoofi>p? ^vfff AttlwficUorT.’ n^ulti^. TJn^ nwl uoliiblb oirH^ptiucui thciw c^uvr 
whorr the i^hiy bed hiui \*tcn ?iiibjnM.-tfHi;| to preeonfiolidj&tioii loada nt limo in its 
(t<*olo>dr hinton'. elays jsiid to lie "overcotuiolidjileil” bi^'4UHe ihry wptt prf^ 

nmiprefteed by Ii^Ih fur in of ifiiiir pfrav^nt ovetbtirdeti lafidj:. fn j^ormtcd Tegfonfl^ 



Fjo. ^tdfioiPtit due to de«p puniptiut. 


there are ovirroasolidaled eliiys whifh m nno Unan Hubii'eted to hm^y locid^ 
fn ii[k{^liioinli>d rejdon,-? ftre owmiwolidnlH elay? whjeh wpeip qocv buried under a 
hemv>' overhurdm of wwl thut wew iqjli6tN;[uently rcmovid by eruaion. Hqwnvi?rp wjUi 
tin* exception of ei few wpecial COndjtious»p the Thtmiy of E^onnoliEfjilion ran fieijanJ lo pn^ 
dirt with ron^derabie oceuracy Uw ?eltli‘cru‘nfcfl of ptnlrtun-fl ruuiafod abavp lasiH of 
mtltiratefJ cby. 

SHORING AND UNDERPINNING 

Types of Staoriag, The woniK ^'^hortnn'’ anil ^^UJiiierpintiini;'' are of leu ttM-d toji^ther 
ap thouidi they referrrxl To the fiftme kind of work. ArlUaJlyp ehorinit reJefF to leni|Mimr>- 
Ptipporir llkat aun iipual]y renviveii when the job ia et]inpti?tE'd^ whik* aMEier|dunitk|( nifefa 
to pemmnrnt pnjp|:HirlA fliat in plaitx^ M'heti I ho job im fiiiLdLfHh In i^-'jioral, it iff 

noTf^t r>' to i|[i a job of ahnriISK liofnri* doiiiK a. job of underpiiiiiittj; and^ when tl lo ui]dej> 
pinuini^ ia i'otijpjidedr the i<honn^ ia uFiialty n-toovixJ. 

There ao" prim^pul rrEimina why it may Imj ms^eiwan' to diore and utnierTan a 
attiirlure. Thi^r ao' lo rsiop wtllorrH'nl of an inndL't|ualo foundntiDfip to provido ffyp- 
purt tiecnii)4c! of adjat'f^ni ocm^UTuetinn cip>riLtioia4^ and to provide a fouEiilatioii able to 
catty oihled locud^. 

When a rltnrturt^ wltliha Iwmime il Iula un ioiideiiuale bpujnlatimjp It if FOinrEiriii? 
n^?tei»wry lo retmrt to tinderpirhiHniE to slop tlse ft^^ltlement. Tlie eon^tnictioo of dta-p 
bfutefni^tit or lirep m.^wi'^rti or jfubwaVH^ i-^pet'iatly in the crowdeil rlowiitown ieeliotiF of 
largo eitiew, UKUallv nerewitatew miderpinnlug of udjaeent Ptraelumi lo previfnt Kettle- 
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nwnL Somolimei or three il43rlGi tire uJd^x! cm Uip id h huitdiniri or the t.viie id ih> 
uuptuicy of o buUdinR may be ehuDj^-d, ffain li^ht tmitiufArttiiinfc to varehomiinjCr 
i» that ihe new loads to be supported Enny oecesaitau? Atrei:ijftlieninjt ttto founJHtbii 
of the biihding by menrw of underpEiirkini^^ 

Flipire 84 niiwitmtefl name of the more eonunon of ahuiinic. Figure 84d rrptr- 
iwsnte 0 brii-k walS on n reinforced conereto foolmf^ whkL is juFl a few feet bebw 

the ground eurfRctr, A deep InuienieDl lb to be exifavatcd on the adjacent priiperty-p oa 

dA?re^ 

JaeJie \ 

\ }; 

PreipcseJ | 

I I 

__Jt-i 



fizj 






FiOi, (Hi TyplcaJ ■hormjT metbcKhi. 

inclioAteii by the dotted line. In order to prepnre the Btnirture for underpinidiigt tho 
birirk wall mu»i he phor(f<l with a set of jtlupbg brai^ ilb illiLFimted lu the figure- Tlie 
upper end of the broeo I* set In a notch cut k the brick walk The lower end of the bmee 
rest* uti a pnmw jook^ which in turn reela on a wooden foot block placed ou the i^round. 
After the ehote Kiu! beciu set in phu^p luCMt of dip Jofld ean be off the fooliiig by 
iwn^wing up llie Jark^ 

Figure Sih illuslriiU^ a ioml^wllat difereiit type of shf^ring that might be Uifjpd under 
Fimilar eireumstAiicef). A ftmadl tlmlmr rrib w built EHitride of the wall utid n F.iinilELr 
timber erih iiimde the buihling. Serew joclw are placed on top of thrse cribs. A }io1o in 
iheii cut in die wjdl nad a FUfl U-atn, c!fd]i‘d a "'nudle N^jp"' is inserted through the 
hole. The end* of the l)enm rewt oei the jm lun, and a fUlcr block k plariNl on lop of the 
where it (HMwes througfi the w flli Wlsim the jacks are Screwed up, beiim is abb 
la lift JUoet of the weight nf the WttH olT the footing. 

Figure &4c repf^mU one taetkod id shoring up mi intefior Imilding rolunin. Small 
timber eribft are built on the liimetcient flm^r on opposite mlvs of the column, Sona^inieF 
two Fueh erilw are Fufficientp and M>iiu4lnu¥i four of tbi^m are imd on nil fiiur uldes of 
tlw rtilumn- Screw jarks kv placcMiL on top of Ihifw mh». On the nuderAide of ik Eirat 
floor, heavy timlji'nf nre ret unthw the floor IjeamF nml post* i-xleiid up from the screw 
jacks m thaw hi-avy timbem. When Uio jacks are wrewed up, the wi-ight of llui enlumit 
can be liftt'd off the fitting. The question of whetber or not this typi? of shoriiiis cam be 
UBrd for A building column dcpcmls on ihi^ imture of the constnjfilion of tlie buildiog. 
It mfl>^ or may not be ptiwiblc to jock agnirmt ibe undcRqih' nf the flrel-fkHir beams, ns 
is illustrate^l in Fig. Tlirre iff aUo the <|UefFtioa os to how floor and the columna 
are fastened l4»getli€.r, ucuJ it may or may not be pc«aib1e to lift lly- oDlumu by jacking 
agjinat ihe umhirnde of the fljoor. 

* PfcasTis mud W un, "UEiilf>rpiQnin&'' CflliiiiilMa ti^nlvt^l^ NW 
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FiKijn* iLliMntUw m t^v-pe nf ^hiirin^^ th&t might be uaed for an LnleHor 

hiiiUing column in cuAei whi.^ir it ia not pnmhlc lo ^on? up under the floor bcaiup. 
>^inA]i wooden crib^ ane hnJIt on iho fia^ieinent floor on opposite aidea of the column and 
jjieka &rv on top of tbi^N- crib#. A poir of nXiicl LeJoiiA ia ou top of thiiao 

jaelu, Kith one benxu posaln^ on tuoli nde of ihs ctilumu. Tbeaci bcama am aJao eaJIad 
-'ru^le beama/^ uid they may bo bolted ih- clomped or ciLhurwlAu^ fastened to the colotniL 
Whf-n the jacks are screfred up, the weight of the column io lifU'd u€ the rooting. 

^ptsTiikJ t>'pni of f^horing have fjt^n de^^-loptd ror pmtalenu, hut Lhi? nwt 

oommon types mre these luiiirated hi l-lg. After the shoriitji hsio been pmpefly lakf^n 
care oT, it ia iKhtsible to pnaeeed with the underpinning of tln^ ottucture, 

Types of tfnderpliming. Figiye mpnwntj^ I lie Kimph^t ^vpe of miderpinning t hat 
is cmumouly tt^nl. Tliw e* iL^u^illy referred tn ao underpHnninK/' Figure rp|>- 


ACC&S$ 





Fio^ A5. $impln undGrpinnrng for wiiJI& 


re}4fnt« the Wall of a bttildiikg Mich os was slioted up in Fig. Ma find 6. la order to 
uadorpin this wafh a |dt la tuiravated nutfii^ie ilvo wall. Thb pit is 4 or 5 ft arfuare ajul 
la caJlefl an ^^aecesa pit.^' The pit la exeavattnl down to n ilepth of 5 ft or iw to provide 
for moD to get utider the footing. EKcavnlion is then continued in an und^rpiniuiig 
pit directly under the wall, as illustrated in Fig. S5c. This ran lie dont^ under almiK^t 
nay wnlJ, sinctf (be Widl can lie o.xtJeetetl to span over a width of 4 tir S ft. In aonui caaesi, 
partjpulnrly in the case of a reinforeed concrete wall on a reinforced concrete footing, 
it might be possibie to excavate under coruidcrably nion? than 4 or A ft of wnlt at a tltaf;! 
wilJiuirt reriouH risk. 

Figure Ui a plan view of the wall on iU concrete footing. Tits such as L and 2 are 
excavated nmultaneously^ the space betwiiui I he pit^ being on the order of 20 or 2A ft. 
.After tiio concrete underpinning hiis lict!n placed in pitrt 1 nnd 2^ internuKliiite pits such 
as 3 are oxenvated, and later t\m spaces betwe^^n t and 3 and between 3 and 2 a|f< Rllf^ 
in. Tile foot blocks of the rJurnw illustrated in Fig, &4fi and the critw in Fig. 84fj an* 
placed far imough out on ttu^ adjacimt property to nvold tht^' pit^i. 

In some iniHtv underpinning ii <ionD with pk^rs, ns illustniiod in Fig- Sflo. The figure 
shows a pkir being instaik’d to aup|>*ijt an inteiicir building column. The ctdunin ha* 
bet.!n shored up 03 indicate^L and, after tbi^ shoring was compli^bHb tin* rohimn and ils 
footing w'ero renioVL^j. The skeltdi sbow^ a pier excavation being installed with lagging 
and rings for litiing. PrertP um’il its underpinning can bt^ instaSIrd in ttie open air or 
uncL-r ecimpreoMd uJr and it»^y may ta‘ either straight shaft ur bidled, Such w^ork ia 
alniwit invariably dotie by hand, os it m not pHL-qbk* to gi>L om* of the rotary excavating 
innehioitM into the bammiml of the buildinje- All hough iJic hgure shnw.^ a pier ladng 
ins talked under an inU'rior building coinmn, jt U also iwiudble to um' ibis method undr];r 
building wolliiL 








s-m 


fe011> MECHANIC AN1> FOVSnATlOKH 



f&^ * 





or ^ 
^x'r h^minBr 




H 








Pipe 




i—j 




¥H}. m UnElfT^miiiiiR balKplinK «iuwiiK: (u^ witli pirm. (b'i wills pile^L 


Oitliciihly, pipf work ihal tit dnm tin undi'rpinmnK is mntv i^vpi^^nsivo iban pwr wiirk 
dobp mt in thi> Mpm hc-foti^ holding in caiutruf^tMi. Thi^ miditionul in 

bruiighi nlKiut hy Eh' for working in low hnndrcom nnd ihf rmnwrity for 

bringing aW t\w wmntruction nmtormlH into tho bioq-ttuHiE of ik- huddirtg. Funh^r- 
Ik? iwt nf th^‘ shoring nMilojrmJly inp?i‘jM?c-n th' poirt irf ibp whole npemtion jm ooiu- 
IJiirwi with the eofll of iT^aJling & pirr job m pwlvamv of the coimirtjrtiun «f ik bnikhng. 

underpjnniFiR i* doni- with j-t^Upipt- pilr^- A Jofj of thh type b kllustmlH 
ill Fig, 86ft. Tk' rolqmii hai^ Ijwn shoix-d up with nwdk- hcamB. jmd tk* footing mnlei- 
the oolnmn tuw h'l'ii rvmoviKj. Pipi- piltn uhihJ fnr this purpose nmy he rlof^-L'nd pjhw 
provided with fIwI pmnte. or iky may k opc'nnend piliw which aiv rieoned €0l and 
Wilh ponervu- llwy driven, Ik-pniiK- of rk hiw henrlrooin it m nt-rtwaary^ 
to line pipe in PompiLmtivuly short rwrtions. ani! lhr«ie are oilher wMcd tpgiaht-r or fitM 
with epednl sJeevcfl, 

On tlH‘ Ht'liniii] wli‘ nf ihi* fij^urr, iIm, pi|M, rillr ht brini! dritm wiih a ximil] doubliv 
neliiiK hamnuT wliirli nmj- tx' op^rauvl wlhiir witli fiUntm nr willi ronipniwd nir. Thi' 
IIW of flir in thin type of work w mnre riiinnioEi Ikhthum' ttn-rr mr ofIrn rrAWiiin whv tin, 
hnnpmpnl of tho buililiiiK tnurl hot he ftllrrl witli PxiiAiiHt Whqn urjuk tliH ilnublo 

oetihit lumiiur nniJ nhort wetiohn of jiipe, ii ii, tintwHy finrimhip tn wolii the jabtn in tbe 
pipe nkther thmi to join them with (iloi>vi,n hecauw of (he hitH" aetiqii of the pipe 

iiodi-r the hinw of tlH> Jnunmer tendihK Ui open up shi'itxJ juintj. .iuno* driving, t^ii 
I hi, riEhT-htina riiie nf t1ii, »ketrh. the pipe pile is iH-ihR fnrrpd ilown by uukuwi of a hy- 
drauUr jaek. In order that the ]aeh inx iirotii,m nmy lie used, it is nccemni-y t lint k sui inh’le 
n,|irtioh be uvailidite to jark afmiiisl. The ini-lh[H| of jiwltirm (iowti pipe* piles for un.l'r- 
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pltiiiiiii^ rnWr sluw cunijnciih^l wiHi lilt- mt^th^wi uf n j»nuill tlfmblL'^ic!Titi(E 

luminw. Th(' hv^mth^' hydntiilif jor'k imn h- oxteniied about |0 nr 12 ip. Eiu^h tSxiM' 
ihi‘ piSi^ luii* piL4hH ilown thtJ* [upniipt^ it L§ tiMTeHi?iiry lo ''Inp m\d n*af*t tlin jark 

ninl tlji^ bhH-kihj^ suid PlarT i>vtT n^irir lioiATVi'r^ tlirfr arr many € 0 ^ in wldrh iht' 
available lii'aJj'cwtp m ho ^uimII that it Ik iippu»db1r tp a nti'rluinlfal banuiKT, nml 
jaekm|£ rr-'kifliiil l4J Ululer Ffllfh nwliliopfs. 

.AlihouKii S’IK- rt'fors lo thi' w nf pipo uader an inleriii-r fulumn, thin m^^thocl 
Ilf qzkEli>rptnniiij$ ttiii flJj*o h‘ UR^i fnf walli. tlu' available hw.'iirlroom duriPK 

ihi* lubilc'tpjtiJJUiK; of a Wall IB iLfi^tlly bo riuytLI Ehjil iHi^ piN^ bilVe tu put doP'll with 
hyrimulir jojnkn. 

ShoriPK ttod uifcilerpinPiPK are often illHieuit and ^laiigr-ni-U.^ operatlfUIB. fljul work nf 
thija kind Nhoiild upfli^rtjaiu^n nitly by $i]:h*i4a(i.‘d!«. 

it i» pnietlcable to ellblllilkte ^-boriTlB- RiderrsEia to 8ftb, iht' dc-^l^n 
^jf the ea'N irm; font in/ may bi? tlmt il wuuhl be safe In sihniH'on* drill a holi^ ali;/htly 
larger in fliametiT tlaui the pile for eanh pih^ ihrnugh ihe ftw^Eing tAdlhout ft-M'lurifL/ tlu' 
tkearing anMi tif tlif footinK eEiuMgli to j^uLk^taiitiaHy iiffi'^^l iiw mrry-iikg ca|idi.eity. I'lkEler 
Bueh drnjruFtanni'^i, the ctklumn pkjgbt not Lave to be ehikn-*^! jirkLi thk? ciHjItl la? 
dri^'e/k to la-aring thrH>ugb the vorh! hoW- Iei »*ueh raBeB^ the pil^^ i? rut off at the btittom 
of iht^ fooling, the pi-dvK of iIh: boh' w-bsE-h hjon iM'tTi eomi ihroiigb iLf' footing smi thor- 
4>yghly k+efubfw^i rft'nit to n^movi? uU flunt n'mjJiking fn:ini tb'- njrt'nffillSnit ojuiratifUi, 
and the huh? llli?n filhid with Etnlw*™ ciurien^Ee piaff'd under vibrwtinn m> lui to plug 
the hole ii.^iuplelely with a non-^hriaklng, wiigbtiy e.'spainding nmen^te whieh provide^ 
a very higli Ikomling i^trt^agth against itkeik-uritiK Udt on tb- Hidf wail? nf tbn hoki by the 
Bhol-eiTfe drilling npemliotL 

SttEET PILES AND COFFERDAMS 

Functioa mad of Sbeft Pil'CSr Thi’ fonetion kjf ?hiH-t piling if to relmn vrntor or 

m[[ or both. The prinri|ial tL-r-ii rjf Kilki'et iiih** nn* for biilkbp'aki^ on river Ininkn or on ojn'n 
waterp for r?f>fleriliLnw on iaisil nr in waPT, skful for lining in and upeik cub=- 

Typos of Sheet Piles. Thi- variouf kin-ibi of piU^ llmt me foinniiiknl5’ uwJ am 
illuftrakd in Fig 87. Tliuy smi diviiic‘<l into Ihne pj-inripal kindj^ nn the hwos^ of 
kind Ckf material from which they me niadi-. Tlkb' tlm^-^ e^Mumon nialermla an- w^^n\, 
steely and lmlle^^h^ 

A .Hriikgle ISrn' of lii:»ahb MUrb Of 2-iiL by l2'in- or t-in. hy 12-iii. |khknk!!i if often wvd 
!sh<i-t }Hlio/. Tliii? Lh ri’fem'd to '"finghsfhN-t pi Lin/. but it b mntnble only for com- 
isarativf'ly fmall esrnvaltutia wla-fe tht-m IH tifk Mi'rtEkU^ gixitirnI-abater prohL'ni. Tn 
-^turatioJ jsuib, piarlirularly In tvindn and graveb, it t* necei-wary la use? a mikm elnbfirate 
form of finite jsibng ahicli can Im? iniule rtritfioiiably wittertaghl. 

A type iliai iti rtkiu-monly PA-d under J^iich rontlii iobl-i Li nklh-d " lapp-d'i^heet pibng,” 
E«eh pile ta pmiie up of two briarda whkfb an- ofTiw'l with rk-nL]rk! ct to one iwiothiT,^ iwid 
Ibe?^- (saira oF bkard^ an' k?tlhi r or tkidtid lOjo-lbet. !<ueh j^brt piUii/ In urtEially 

niatle with IkUanb ranging fmin l-iii. t^y I^Hii. to -bin- by 12dn. 

A jMiIPi^what bettiir lypi' ut fbwt piling, tiS- fjir oh wnterlightm-^ if ninn^rned+ m the 
ivfke that IB known ob *‘WakeFH?]d,^' A Waki^fiEdil ula^ t pile itHlMBta of ihn'o boanb 
lajlb'tl or Bpiked k^pULi-r w4lli the CCfiler Ixionl offmt i^llijwn in Ihi' ilKijn'. Thin 
arraii/i^meiit pruduci'n a tuiigur and gftw>t‘e whioh niakerf A\'^riJEefield hIuwi pilinK fjdriy 
wntertiglit. if I he pih^a me pttiperly drivi'ii and lightly fit ik'd t-K/pihirr U --in. by J2-iii, 
Iwiartb Ufr iiw.d, they pnkdun- a abri^bpile wall b in. thiefc. Stkinetiimw tmortlB mi bi'avy 
an ^ inr by Vl in. ati' um^l bo that tbu Wakefield ."ht'i^t pile wall if 12 in. thirk. 

AEik iilK-r form of WikEKi dkeet pi ling U mlliNj ‘l ongui^ aikJ Thif uyuh? out 

of fingk- of tiniU-f which an? cut in a sawmill w* af to protiiJe a tonjptE> unEl a 

gTiwkvfc- ikti k-cirh fwk^- of piliEk/. ThiB ty|ji- wofte?. timfier b ruum- <if I hi' amuunl inf wood 
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Fpq, 87 . Typ« of ahect pEE^^ 


that i!i rut away tn form I hr tflii#ur. Fop cjuimplp, if thm tunRUvsand-grooiT pile iliua- 
in the figure were nuule from a 12-in, by 12-Iii, timbi.r and if the toiigHe and thi- 
KTUiive wen! 3-in, by 3-in., i srh piew uf timber would make tmiy 9 In, of theel-pile wall 
nlthougli a 12-in. Ity I2^in. timber wnuld have bn-n use<l tn form the pile. 

in order t« have iht- t4Mi|tii.-and-(!rta)vie effiTt withnut wa«titig Umber h fpriiL of 
built-up loiiRUiMunl-groove pik? is wmetimw umtl. For exnmitle, 2 by A'n cnuld ho 
Kplk,..! to tin. ^d|.n of I2.il,. i,y 12-m. (iintM-n, In onb-r to form the' tongue .ml groov,. 
liluKtralml m ihL- Hgun*. Each l2-in- by 12-in. timlH.r nnd it» tliTOj Z-by-4’B would pm- 
duee 1-1 in. of ebiwl-pUe wall in ihi.> fininhwl iitrurture. 

Another form of ttoodeii alieel piling ihnL in Km],>litjii!R ua-il in a tvpe “gplincJ 

Biweting." Fur tlun ly|w n groove ia nil in two opposite aides of a limvy timber The 
timUm are then driven el<mf bjgt-ther bo that a apaet left where the groove, limteh 
and a .nwller tunher u driven in ihia ar«H‘. The Hplinrd ahei-t pile iJlij*imk!d in the 
figure mwhi cotwirt of I2-i,i, by I2-iu. timbem with groove# 4 in. wide and 3 in deep 
cut in them. After the two timbr ™ wem tlriven in plaw., a -t-by-6 would lie driven down 
tntn thi^ i^ruovi-ji n# to Ah t)m 

Tie. ehoire of winch type of wnmlen ahe-t piling Bhould be mwd on n giwn job di- 
pen,!* latw-ly on the nature of the work. Fur emaJJ fating exenvatkue, where there i# 
no aenmn. grouml-wnter probbin. Um more HSJnplf fomw nmv lie mwd. For henvv Imlt- 
headr ami deep rolTejnlaimi. it in iien™ar>- to use the mwe elalionUr form* of .beet nillnu 
portly for the purpow of *H-uring a watertight wali and pariJv for die purmeuj of hnvinji 
a |Hle that in utrong enough to renial the horaantal thnoate that will be opplJed to iL 
Steel .Inv-t piling M avnilnhle in n number of different fortnsL Each rind mmpanv 
that tumuifnetom. ateel rheel Filing ha. ita own form of ioterlnek but all tinwe tblTei 
eut int«lnek« -m jh^gned for the mme pur,«*e, The rimplwt font, of ated .heat piling 
» that knt^ a. the -Irmghl-wet, type." The pilm am made ixt vmioua width, imiging 
from aljout IS m. to about 29 m. The web ibiekneaam vary from .bout to W 
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Tlip atmiK^ht^WDb Hhoel u ron^ppinitivf^ly floxihEp nn thnt it n^liireB A eaiU)idp> 

tkhip fliiunjni of bnsrlnR wlini it '» foT Mtnjrttinw in wbirb th<« liDriioiittil tliniPU 
nrp tEiiTdi*. In order tn prpv'iflfl n piJ^ w itli jen-^^Tpr to heiidiDf^, tiw sltvl edm- 

imok^fl linve flpvpIop^Hl n type known o» Hfrh-web nfipetinie Id wIiicIi the nf (Jip 

web i^ nffiiet Mf^io pmiriiic a greater monrirenr of inertia in the trtww neeljoci U llw tdieeU 

III order to pn>viii+' even tpt'nter KtilTtifWt tyi^’ known Ui iwtion bjui 

Iweo iievelopi^. Thjft 10 i^iinukr u> the “areli web^* except limt thi' u^0i>l Ln ihe mb i« 
inerefteetj ran^iidiTObly. There 10 ttlao available a ti pc^ kiiowii &s the et^ellnn wliirh 
hns A f^tilTneifid eonsiilorably j^rt^jiter timri ttuit at the di't'iearch HX'tkiii. 

llhi^ ehotE^^ of the type of fivtA thppt pile to [w* ijHecJ fin a j^tven jnb ilpfienrlH InrgeU' on 
the kind of Berviee to wdkieK it ^ lo be |njt. The et nwph Lw ob lypni if eouipil rat ivei>' lleoi- 
hle m tiiat it n eoiKoideniljje antnunt of brneinit will’ll it it Hubji^eU’d to a large 

hnriKocituJ tlin^L. On the other hand, the ftraighLweb type docs not use itp tniieh 
m that it ran often be Lu»«i in elowe quarletiH wliere there might not lie room far 
.Monie of the other typiv, WTim the abeet piling ts to be ii^d for a i-fmetttre involving 
large hurizonUil fcurees^ it \a pot^ible to do the job with bnieing if the dpi-p-aiT;h nr 
the K section sheet m iwd. At the aatne timi% thu^ fortnn of shin'ting take up eon- 
^idernble spai'^ in a horiiontal direetlon. l\'lth a Inrp^e^Eed arch sectinn^ the dis¬ 
tance a rhow'n in iho hgttn^ wnmld bs about 32 in- If the Ahi>f*l^Elv wall Ihing 

bntoiNJ with 12 hy 12 waling iinil>er?i, the sheei fiiling nnil line waling tiiiil.‘»er would 
qiiite a toliil of 24 in, of hori^sontriJ Bpcict*, which nmy not Always bin tivailahle. 

In ad^iitinn to the inandArd ab the steel eonrpAnies iruike ^leeial H^etioiui for 

variisoji fati-pOMv. Figure !^7 show^t tlie appm^nutle shajs' r^f two of tlieitf apedoJ siec- 
tioTLrt whirh an‘ nderred lo as Y sstrtinns: and T iiectioim 

Prx'cast-concretc slieet idling is usually nniplo in the form of a toiLi;cuc«-and-groove 
wfition. The piles nre usually from IS To 24 in. wide in the direetion of the Mheet-pile 
Walk and they ar^- mnde in ihiekni’s^'^te van ing from S or ID in. lo 24 in. or rllnrt^ Tliey 
are ri'lnfisrctxl with verlital bors and hoops jnat as precorit-coaicrete bearing pilior are 
rtTinfnreodr The thickness of the |ii1i- and the arnuuitt oif nniifordiig an? deler* 
inined bj' the forces that the plk is inteiuh'd Ut ri*tf!isL A prt-ejLRt-runen'te sheet-pi k 
vra.il made of toiigui>ond^gr<Kivi' shivtirija is tiui always iM-rfcelly wnli^rtight when 
driven, hut the spaces bulweeti the pili^ eon bi.» grouted to provide a watertight wall. 

In opfior to make a M'a|i*rtight shi^id^pile Wnll with prerafit-K^nnende ahnd piling, the 
intertocked sect ion shfiwn in Fig. S7 is sained imps ujM'd. Ttrr details cjf Ihe^ enncrete 
pile Are the sanies oh those of the toiiggne-arul-grrHivi*' ty|ic. lioweverr A Rtr;dght’’Wch 
stiiii^l fihect tiHe is split- in half longitiidinaJly, and Ihe two hidvea of the str'el pile 

arv emlxnldtHf in the pjw^ist^pcincrelc pik whi^n thi* i:t>eirR'te pile is caei, Tln*#e inter¬ 
locked pilhTS foriii u more watertight wall tJmn eiwi tw' ohtiiim'd with iJie tongUHVikiui- 
tfmqvo pili’W. 

Annihcr type of prenaiiit-fflincn'te rhiwt pile that is nsc^d to proclu-ce a wjileriight w^all 
IS shown in the figure irs the jgrouled! type. The shap^" of the piU«s is surh Iluit, w'hen two 
piles are dri^'en nde tjy sirk, ft diAmoiid-shapeil sjmrc is left tw-twis-n lin^ piU*H. After 
lln* piles are driven., thw is filk*d w-itb eement grout injecUxI tinder prstwiin^ w os 

to B€*ftl l>tc Wall. 

CnffcrdiunA on Laad. In 1*0114: rdam w'ork, the wood shr^d pile nnd I he sliwd pile 
jifp tnfwt eonimoiily nswsj. l.lnJinArily^ ft I'offeniani vn a teickpomri' slmelun' which b rc- 
movr^l after it lias sr^r^’pit im purtK-i^se. For tills reawra, the prrTast-eonrnde sheet pile 
IS Achinru Used fojr colferdaniF. However, sonw types of cofferdams, suidi as a condenser 
pit in A big power plant on a rlverfsank, arc pcmiAricnt structiires, and prP4.'ast-oonen?le 
shi'ct paling is soinetlixnw iised for these. 

Figure 8S rt^ferw lo hind enffpidAms, and Fig. 880 Is a cru» w-ction tif a i-olTiTElam I'oni- 
tik'tnty liurrounded by Unil- Figure* 886 h a plan view of the saune lo^erdain. The firal 
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Hicp in llii? cdiuitiiirtinn If ta drivi^ hcwnI or ntf^S aJtivt-i piliitK aII itw wny nmynd Eirrm 
to k- i^nclofiL’Hj, Htp piiiiijt IB u^iinlly drivpci In fun? any (?£t-aviitlQti is doiip. If #Fl 4 ^?t 
phwl pilidR 11 \wmg ii«^ to form n t-k^xj hoi of thu Idtid, it ii 1* ""pitch'' 

Um^ ciititt! boi of ilioi-t [iUmg, lirfon^ il 1* driven. By rjilchiEiK ii iiu^unt that the entire boa 
if) eef up und intcrJt)ek«i k'fuir^ the tndiviflual piles lux* driven dom into ibc KmUncL 
The driviop; ii then done by aIakc^, with each pile bt^inij driven » or lO ft at a time until 
the tc^ of all ihv piles are uIkiuI at Lhe mmfi level, tf one pile aflcr another ft tw driven 
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to ltd full depth nil the wny nrouiid the elud'd Iwi, it notild be pnelically imjMJHditilp to 
mnhe A proper rlwure ljctw(i>n the lii»l pili- and flu- rinrt pile. The n>jiMiu for piithiiiit 
ttnd ilrlving the iHliiijt in thin nuuiin-r in to iiinke it [XHwibk' to have a properly riewd Imm* 
Aft«r the piling lum broti driven, eiravatioii in olAncd inaidp the coirpnlum. Ordi- 
iwnly. ex^A-ation i« rarrii.d down n fi‘v /w!t and t lu-u the find net td brndiiK in plapwJ. 
Thi* hnipinfc roiwut* of a hotiioiitul frame irf wnling limtnTa plm.'ed utpuiut tlvp iniri.li' 
fif tlip (ih«vt imIImk nil ‘hr way urttund die [•nffitdajn, TT'h'sp waIeiik limbers aa- bmerd 
ill Imth tlim:tinni. by lii>riiotilal btnpi-i, »«. illiwtralHf in J-’i((. «(!*. EjwAValiuo » thi'O 
earned oti belwivn the br»im> until MiUnnenl ilipHi ho* been ohtniiii'd to n-quirti ntmlher 
fmtnp <tf wbI™ atiil btBPGiL Thi* finH'isB of alterruite extatvblion hjhJ the netiliiii; of uni*.*, 
and broK'ft ifl eoutinunl luittl tin. imtUiiD in rwiirhid, 

rhfTt it one pr*>rdeni JN n*inirrfiV». leiM tA*- inietnp of q c^fftniam tl^al *A.luM I.frrr 
ip wvrtmktil, Eofh framr «f wairt iiH>t hraniifl mutt hr ptiirnt aa mpirijj, qj piMiW, 
hrmute, at fjrwralian pnaierd*, rte tkfH hat a kiu/enrv 'ww and tpad btfaosi 

<4 liu nirfJV find/rout Iht ottititk. Tltnn! iuovi!mi‘tit« of the pilinic txMld be oneh u to 
liHiaen A frame of ImriEtmlal braHliK, ]u wder to avoid lb*- piMidhility of hnvinit mi 
eiilin. fmme ol iKiliEuntal hmriti|t ..ollapw Olid fall into the eiwaviition, il La mwwtary 
to |Hk*t up Iwtweeii liieli frame of horixontul bmeine with vrrtirol ptwtn a* phono in 
Fij{. SSa. The bottom pwt umler the lownit frame of hmdtig uoually rpwla ou a limlMT 
Of a plank called a "foot blork,’' wliirh rwita on the bottom of Uie etnavAtioti. 
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Aiintliifr t> fir of ^bfwl ^Hlinic ihut U- ^tonn^tinii-pi uml for lafnl rtidmiiunp in ilEuKlmtt^ 
ill Fig. ^ jifid Jii ihht lypf, a of etwJ II pile* b tlriVBii Hmimd ihf jurrimft^^ 
of rhp ^NiffenJiitn tin 4- or *Vfi rspnlcrru Ae OK^vntJOn iht' t'offej-djiiu prxirrvHJ^, 

honiotjliij iMxLTib ari' plftfrcl hctnwn ihp wdw of ff piW The (linnet of rJin nmh 
tmlniiJe llip i^tffenUin rHitilii^ the#e hoonlp jsRiiinnt Uie of the K lieunuf. E^urh Ji 

I'nffeniuiTi IH i-3cenviiT(«d snd braoed tii the saune nuir^iier b* tlml illiiiitnilcd in Fiic, ftSo 
nnd 

CoiTf-rrlfinw of thw type:, whsela aO' l>raEiHj rdS the wav hrrawfl from wall lo utiJI, nee 
unc-fl nnty in wlw-j? wben- the diutiiirltr laf the ^^ffpr^jHiii not eicfved 75 or \W ft. 
ir it were deflred to enofatie an eiiliio city hhxik or nn even Inriner areji iiunde «if a rniffej^ 
iJaniH it would bp exceedingly difficull and expennive I* bmee wilh horiennlal brum 
ull the way arrtpwf* the i^iETcnhint fn ^ueb eaRiHj it ii cuirtotiiiiri,- fo ipte the type of lintdiaig 
Uliipitmted ill Fig. Sib Tfu* nlu-t-t piling tnight be nr wood or tht- eomblnAtioTL of H 

or 


FiOr S9, Br&L'um for lante eofT^^rdaEu oa laud. 



SrETce 


pile* wilh burbontai bQfird&. VN'uling timbers are pLao£»i inside the aheAt-pil^ wall, 
and th-Mf are bnic-ed with sloping brat-es^ called *'raker brucewt'" agaiiMl a foot block of 
timber w^hicU h set in the ground at the bottom af the excavating. In thia eaae^ a fijm 
ground E^r other support for tlic foot blocks is essentistJ. 

CofferdEun^ in Water. Figure tM) il Lust rules a type of rnflETdikm that might be used 
fiif a hridip.* pier in a river. Figure iiOn is a r-TEB^ jwetion arid Fig- lM)t is a pluiE view', 
TIm? cnrnplete Ikix of sheet piliiig driven fual, auEl then a fntnie of honiontal hrartng is 
phosTHl upproxiniutely al the water line, .\l (hla stage of ronslnjcHoii the water is at 




Ffu. Small cofrcrdaiii in waten 


tlifL" st^inic ricvatiriu iiiside and outside the eoffenlam. Wood sheet piling might be used 
for ffueh a eofferrlarn Ef the water depth did iiEit exceed 8 or 10 ft, For di'^'p cofferdams 
and high water pressures, the use i>f sleel sheet pilltig is more coiarnan. 

After the top frame of luFixontal brucitig m m ptaec^ putEEijing b startcii lo get the 
Water out of the rofTcrdnm. hiven though gn-al care runy Ieove* betm used in driving the 
pilirig, it is lEOt to be eapr^'tini that thr eafTi-itiaiu will lie alwoLutely watertight as driven, 
[f Wood sheet piling has bwEi uwd, there wiJI altrEosC certainly Iw smidl i«p]iei» between 
the pdrs through whJcb water ran kak Into the cofrerdaEEi.. Ivvcri if siiad i?heet piling 
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hi^ bffn lUKNi, thi^ ioledockit will nut nm^HA^ly tv WAlt^Hd^lit. ArrQfdin£ly^ U Ia nTtf^n 
DPCffnan' to |ira^il-H lari^'! putn|jilif^ c^p^ity in onli*r tci elnK pUlnpinjc cIduii thr wjulnr 
in thp fotTpirJam. An iht? pumpfl on tho inl^ow of wntor tvlwc^n lUe piliti, iJif waii^r 
thp ccfTf^nlnm ts IdMvnrd itiJ iho daiTpnliim mihjdctcfJ to mn c^rpiv of prr^ 
4furv rmin liir quIaiiIc. 

Thi(« nt iKitiUlD hydmiiintic prejwurp tf^nd# to bend ihc pdlinn^ tk^ nhuWEi by thf^ 

claLtfMil linM in The pile* nre bnieed nl the w'Jiter lint by aiiti fminp ed huri* 

itdtilDl Hod the Inwpr pnilf of thf Jir« pmbpdJt^l in (hf: tr^^und in t.hr rivet 

boltano Thpy will lend to bend inwiird, and tb« Eun'atun^ that reffullfl him an ijnjK^rtariE 
dffeet on the wntertiuhlniw of itw;* atrtlclorn. If WocKfen aWt JiWin^ ha^^ bet ‘11 Ui^h Eh^' 
trndcncy of the purvntino would btp lo opuu up uptitia t»^twi,a*Ek tht' |»leii- Thi# woiild 
allow thr foffprdam to leak ronaidprabty, and for thia rpoHcm wooden I'hi-et piliiig \h 
iBeldnm tl»«l for d«jp coifonlatna aubjpelj^d to Ini^ 1^*11 ler prf4Suit*fl. Whi’n npi'! ^hiT*! 
piling W uaid for & coffenlatu^ the curvaluro that r«t#iilla fn^m thi? oxternid wuter 
prc^iiTt^ Iei iaMipliciol. Tlio elToct of I he euTvafure la lo tij^leo up tlip inti'rLnrkji of liln^ 
pilinjC AO that tlin rofl^erdom it more wateiii^t afler it a dialorted llion it waa wbj«n il 
waa oriRinally driveCL After the eofferdom Lb poimped out^ the pixteese of altiTuate vx- 
cavnthkn and bme-ing is earned out just kb in the cape of the IoilhJ eoHerdnuiA. 

The tij^btening %4 the interiorks in a fteni sheebpile walk is refi ntd to as “inlerlijek 
tfiudon,'" and niitch of the diwign of irtrel «hppt-pj]p w»Jb and eofeniams is eontrtdlnl 
by thh feature uf steel pilinK. Aa is lhti raaG with land cofferdams, a coffer^jana. of 
the type shown in Fjg. 90 iriiuld ht^ UAed ooJy in eaiw^ when' the dinmeter of the ait^ to 
be endfwl diil not pziceed iqnn? than 75 oT 100 ft, t&nce the bniring of a eoffenlam all 
tbi! way aeroHA friim wall to wall i£ fesitibk and ceunomicid only in eoAps when' thi^ 
eofferrlam is not too Ijitru. 

Fi^n^ 91 illustrates some of the problenis involved m hulldinfr I'ery lar^' ooffer- 
dams in water. Fiipire 914 re^KreinnitH a river rluirinel in which it is proptskd lo build 
a Uirip'- ship hiek. In order to eunstmpt ihi“ loekp it is iH.‘fes«y^' to <lry up a Lar* 5 e Aoetion 
of river tiUtleill. 

If the water were very BhaJSuw, it mi^ht iv lo construct such a ctkffeniani as 

a sirLKle-wall dnm, ns iUustraled in Fig- 9ih and c, A aingk- line of shet^t piling, either 
of steel or nf w'ood, might be diivect and btaeed wHth a la’^rm uf earth as sh'THwri in Fg- 
9Lh. f nAlpod of an earth berm for bracing, such a rJikgliT-w^all c^slYefdafn niijrbl bi^ hract^i 
with Aiopiiu^ brocea and fool blocks fis shown in Fig. Olc. Hewever^ if thi’* depth id w'ater 
exceedixi 8 or 10 ft, it woxihi }m ni'-cp^sarv' to build a more elabutate typEi tif cuffi^nlam. 

A duublL'-wall enfferdan; -•such as wnulrl bo upwi in deep wau-r is illusErattsl in Hg. DU 
and s, ^‘^ometimt^s iwn |>ara]lel walU) uf ahda’t piling 20 or 25 ft apart ore dri^'iMi and tkd 
together with lie rods as il!ii-trati>d ih Fig. Did. The space betwwn tlw two hni'S iKf 
piling kA filled wit II ram I or ruck. iSi>mid] nu^n a bi^rtn ipF earth is on t he Insiiie of such 
a cofTiMTlB!m. In semi' c-osc^ the phect piJiikg is drivi!n as a scHes of dieular or cHipticfi! 
eella which an.' ffll^d with RarnJ and gmvel or crtu^lad nark, ^nrh cuffcrduniB ar& caIIisI 
'^cellular ffifferiiamii." In miuiy I'Wi* the river bnitom it rock hi that ahcei jAVm^ 
cannot bi? driven. Fur a cuffeidatn built umhT such ccmdiliotu, a rsvk-fUliHl mb as 
iiluatrntiNl in Fig. Die b coiiiinenly u.w'd. Such a crib woukJ he. built of hi-ai-y' limbi'is 
bolted luKetln^r and tilk-d with stone. 

In the ik'sign id ooffentanis in water I wn iinportaiil fartnrH miisl he taken into account, 
'rhc*.' are hyeiFodynonurA ami siruntural Strength. U b nici>«aar>' to invi'Stigalc th’ 
powibihty tif scour amJ of Ha-paiQi' ani] nlw the poHutbUlty of ei'crlurning, of sliding, atn! 
of oolkpao. 

Referring to Fig. Dla^ it he that the coffertkni reduccp the width tif the ri ver 
channel A itn^Ainline on the kft bank of ibc river would be practical ty a straight Uw 
parallel with the river bank^ tin the right bank of the livia a atreamUDe would be bent 
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iHjt nf nhiipe by ibr cibdtrucliofi fomiixJ by tlw- eoSpHjitn^ Thf pnwnre of tbe^ <5o(Fi;r^ 
littm thcniorr rc^triiMM thr river elmiiiicl hi ns lo prmdui;^'' hfjsb vi^IndUt** of fk?w in tbt^ 
rivpr. Ap h n^ik cif thLi, ihf* mraiir uf rnlTi-rdBiii nn I hr uputre^jn flidL^ would 
Iw iuh>rol«l to ooitiQEli^bb *<omr. In many it Iwyp h€^T> found to luie 

murb ioiiRrr piUnR for thv* ofwtirnjn outer eonuer tbnii i$i rwiuimi for xha ImliLnce 
of fbe: wilfenlaTO- 

Tbt- jirwKibility nf ii ioiiicatt^ by the arrowy in Fir. 9\h^ r, d, luid 

c, Tbo rofTrrdjuo hjin in U' *o that feepage water will cut off l>ebw Urn dmxn. 

/^msincted 

^CGiJr- i^hfffTJTe-/ 
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ReforriiiR to tbis Nlrllrtiiml fftirtipth of thi'sfl- coflotilnm-H, tdl cif [hem would! be suh- 
j^Ttwi to boHiuotjil tiydmetatio thrust iiftor they weie pumped out, find ibi^ horiionlAl 
prvwure wouy tend id ovortiirfi the rnffirniain arvd to make it fliide aiong the Rn^utad. 
Tlu" design niuj$t be nuoh that tbai rnffiElniaiti in Aafr BLgfunnl nijeh Qinvemefll^iS.^ 

STRENGTHENING FOUNDATION SOILS 
Typos of Soil InJectfoD. A pn^ceditnc that ii iMitietlmeia un^ in found Aticm wii^rk Lv 
the injection under pn^AHurc of vnriuiui tmtti^rinlM inlo iodl or rock. The inject iona nto 
uauaJly nwde for one of two purpoHi: to Beal a poroui soil ur fiasuied rock in order to 
itnp a Ili>w nf water, or to riahifljte a m£i soil so aa lo iuetoKiio its iftlength. The ma- 
teiiab commonly um<^ 1 for Injectidns may lie divldcil Into three jp-nend type* rulltMl mis- 
(leiirionx, solutinniH aurl cniuyoiis. 

I ‘n'^nnTT Biril PjiBtmw, OjInifiMii tJfllvii^ljf PH«v. Nfi* Vork^ IWirt, 
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Sik^prrwion,-* ttPi' mistyn’s of pcfu^'Ht mini w !soq>i:t inn-m n^iu-nl and rlajr and 

wuXi'T. Ttw: n-lmlivi' aniount^ *iF wator mud mA\dr that mro imni in ih*' mixtiiTV ran var> 
over n rcnii'HlrratiJr ranKVF mltlinuKl'i it i** rumt^immrv t« ar* ki^h a |M’r«'ni<yei' -nf wilidu 
iti4 pmrtk'ablp, L^u^^jwTiPionH of tliU Ivpc ui-i* tisLifal fl^^ tin? i^roytSnjc cif hm-Ic (wuim* nr fnr 
thi^ KTDilUiili; uf bod.H ul i^lid mml j^a'^^4. Aftor th** n.^|uji^lit Jium U aot only 

wali?rpriD<}ftf hill mbn tilri'iiijithfii? tht' rork or into whk-!i llu^ .^ii^pmajon Iw bern in- 
jprtpd.* 

Thr Nfiluiintm tiiiiE an* ill'll fnr miiii injertiuop mrr rhiirnic-mi ri>[ii|KimkfU, and ilb' iianir 
ehi^miomi tlmt has bim-ii Liacd fur llii^ purj>Ow Up to tin* prvah^Bl litm? EnmlEiHn idKiaitEi, 
urhirh h ofton callE>il ''watoF A E)or<inil chMinicat w iLm*d whirh romhiTHT* with 

iIk' siodituii to fChTin a Htlff SlMcu gol i=o that tht^ soil IB Watoq^ruofi'd aH widl a^ 

^icviigttkiitH^l hy ibiH tyi^i' of injii'rtkiii. TKi” phtmiral injE.'rtkin un*thiml^ non" in iw difFi^t 
fnjra OEiff mnolhtfr with n-^jKPt to Lnjtetion p^ocwJun^ Iti sotuo nuiom tlm swlium 
silir-nto \a firvt nnd sc'ixiinl rb»‘mEC?al afii-rwartl, whilo in oflwjn thi' two anT 

lit iht;^ sanv timr. in ibe mc.thixl^ iKb- proponions of tin? two rl^'mis-al-i 
i4t<m vflill'll tn rcnitrol thr limn^ t»f .■*('ttSnj 5 . Thi’ rJinniiml i^ciIuIioeib rmii Iw foro'ii 
UIkIilT po^'Sfiun.*' into m^HliLim juhI ftno .HamLs/ 

Thi- uppUroiwn of anjy prmrwi ttf thin lypr * lAot/W iir rom>y/ orJ h^ w nridrf jnd/jff- 
E iflom <>/ firm fST arffanizalifyn rjjttrirn^ed m ihr prof^M a» thf sparing */ ihr irvjnimn 
EiiEir4i npi4f lAi* feittiltn arhintfi i{rprt\dnvi ordj/ no pHnr itf $hr iP'airi'' 

#i>r rborartriT'AEjVj aj thr. Atiii rtnd Hi rocfitcieni qf rmf^M'xhj7pV||F friif oifjwi oanj mbii^oiiaihj 
fMi thf itlTi-rigih flin/ ajf thr JwdrdiWrf Mijrrfpon, 

Tlir E^JnulHEoiw tlmt art* an «idkinji*c<ion niati-rialis nn? rtniilMrins of bitumi'n and 
wati?r. TIte u>r of bitunn*n timulpionm for this pEinwisS' is a luiprt? irf^^nt c|nvn|opnii-nt 
tlian I ho use of ct*mi-nt MtHpi^n-iunii; anJ chrmLnil wilul ions. Thf lonuIpnoRF! can Ih^ 
pilTnpt*d into fimiida id uidHliliEii Kraiii siii?, and tbi'y acE prinrLflrily nw Walc’rpnxTftirt*, for 
tin* rail into wbicli lln^y aru iri)i‘CU'(L AlfW^ tlinvi injt*ction of hoi yiurmm, kept lint 
by i*kTtriiib'flF used pucaiHsfully in p^naitlng K*ams in rrx^k. 

Ptmcdcal Applications- Kk fore a im tn' nuicJi* lu* to which typ* of injection 

mfitcriid slHiiihJ tm* uhhI in u i^ivcn nwi' and how K shmElil iif iiiji^ctoil, it i* m’Ct‘ssar>' 
to nmki' a Cmn^ful ^cld iEIVi>tili|Ultiim <kf the site. Till" choice nf t.hc ty|)4^ of Inmlcriml will 
di>(x"iid lmr|C».ly on the ximt* of eVie" np^nin^ into wluch it musi p'ni'traU". Ca^mcnl jciij^ 
p^EiHECinB ran In* piinip*!! inln crmckm ms small as ^.1 nmi in widih and into «An\\s linviiig 
an cfT^'clivc (Erain .-dzc on order of O H mm. Thi' ■ hi-tiijc'al ralutions can bt- pumiHxl 
EnU> Jinnds hmviiiifi an olTiielJVi' i^miEi 4tv small ms (SJ or b vi;ii O mm. Tlie cffccEivn 
Knun sixe of liiinils li^to which I hi' cnnilslniiH oin is* pimpcij i# ahuuE thi? os fur 
the chetnioil snliilioriHi, Noiic of I he injcrticii] tiniEcruils t*tm l ie fom^ Into very silly 
fine sandSn silM uf chiys cmc‘i*pt in <nkMi^ where lhi*Hr soibi on? drmi lait nod 
[Ekii'etiniis tan be ttimdi* into such ralU when fimHunal, but I he lnp‘ 4 *lion iiuLli^rial pi*ns- 
EniEiH only mlo tJie llivutv and not bto Eiic soil ibwlf nud hits lill.lr or no bcijcfirial cfTwt. 

All tln^ inaUmis iirtnl for inject inn into Buil nr nwk wr pumpd into I In? t^mund wilh 
pn"ft!!iin‘ puinpM, [nfnrmBfinn must Iw nbEtdThrd ms tfi t.he iwruicBbility of the soil in 
order tlmt. appniTcinifih" pumping capnritir^s arul pn'iQfuo*^ can lie di*llTniirk‘d. Thi^ 
pTTUiialdli!.y of ihi- rail atn> Hlcti-nnita^s itu' mpmein^ of tb" Injt^tion iiipcs, becmise the 
nuitcrial pumpni iliniEiEdi nny one pip- mtuit p-netrate into llu- rail a sulhcU-nl dietanci* 
to mral the mntiriid purupni ihrounth all adjacent pip's. This im oB|iei*tally imporiant 
in (ht? nMt- of H dam on a sand foundation nditim tb- injections atv intend-i-i;l Id form n 


1 UiTMilattK dU'rk* FfHnidjili«i VitmlUm, JFnXr A'«r*-lfst*T#, -mH, W, Sn. 17, n. SA L Ort_ 72 E a*l 
CuurfI PfoHwiis—Usmi fli tlui TeticflHee Vnllrr AiiUuppty^ A Bynipriii]iiiii, TmTti. A .‘iCiJ. vil, IIOl 

^ ^ I.IWIS. li.. GfiXlOhS IfllJi ciwtn,1r«l*, Em. TiJ. 153. Nol T, n, 1, Atl# J7 I1K» 

* 'flw Pro™, prMkipi Itt tSM feiHiwa iriii \b^l xi£kl>' tif iiBjwMcm ailXwH Idk 

ia tl.A t^rlcrd fihitNL hy Cninr-— —n NU.ijjjrf 

ItB I'liiNi.phEFl, ”Thc E'^cirw, 


ION. hjf \H. Inm ]riim:> J. jimwlctl, l» '¥^ knrmniAljvi]^ 
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rurtain waJi ^^ek^w ihf clam to pre^-tni undorwi^pW'- I'nk^ nirtrim walF is iDrt pf'r- 
[■ 1 ‘tit Kiniipk'tt*, Lbr inj(*cticitut frill Im? a wiiiflt- rtf tinie nnd nlonl^y. 

VVhi'ti liHifun'd rm'k iii fw bt; Mralc^fl by iuji^tioii it m to drU-rniiTH'- 

Ihi^ Tuihin' ntaif at llir It U aLfCi iH'rt*j<irt3try to know w'lu'thcr tlu" fispiirt'rH 

JUT optin tir whe^lhri' l.hi*y an^ filli*d with H»ii| wllirb WDlilil hn^ to bi' Wiufiticd out tM^ori* 
tbr' mfltrrml rfFnld be for«»c| in. Tbo ^parinjc of thp it^fVlioti in mli- 

tmlliri HjirRi-Sy by th<^ nmun^ sif rh<^ fl^Eiriiij^, biwI tbi' pipt'F ntewt Im* m piiil 

flml lU'- injwtinrt nmu-riiil w'jI 3 fill Jtll thf fiHrtijnf*. 

Tho pumj^Eitt prtwuiw that are requinxl in th»‘ variatm injtrtjoo im’thcwln arp tyfun 
quit!? hijth, and pn^ur^s as great as ICQ pri and more are somellmcs used. This pre^- 
ameiunrs to 7.2 t4ifis (ft «| ft, aiad the pn^ible effiTtw nf siirh high mii.-«f 

ii4h( U- overltwki-Hh Hi^^h-pn-^sure injettion Dp4-ra!ioiii» being oarrirti out in fh- virinity 
of striietun^^ tan caimt^ pli^inral daniagr Kueh as the hfling of buildings and 

Ufa! tln' r^i] lllp^«LllK of wwcrss aiHl toiuiel.-^. 

pR^^Tjo^injE'etion WEirb is iiu<|al]y slow and expe^ni^ivu. fl n'tiiurw spi^iai teoliniijUE^ 
uitd pquiipni>eikt ond it should be tiiiderlaJc'ert onl^ by ^pe^rialiiin. 

Compactioi]^ |^ 3 c|h of natural sqjl an" ^onji"tirnps si oongEhji'netl by cotniaietioii tni^tliods 
of varjfHis klndSn sand b4"ds may tv' ec^mpt^rtf^d by viliniEiOEi hihI lamping nr by 

ffdling with hi'avy rcKlIrrH, Tb- driving of piH into Uxja of ltM>sn jtatid prrHinres rum- 
j^iartinn not only by viiiration but abo iiy dt^plaMonenE . 

The rapid iNJtis4)lidarioEi of HJilumtett elt^y beds h* a form romfutrtion whieb 
ret^ently riMne itihi uw- Tfk- ronsolidiitioii proce«» run bt" arcek'mted by Tneaiw of 
vertleal Mind drain:* ^ or with mtdfioBfd draitks * adiirh pro vide ir<hriniii"la through whieh 
walirr can twraiH* tiiuE'li more mpiilly than thnnjgh the ela;i' itr^Jfr 

Verticaf Sand Draiaa. In nHvnt yeao^. I hi- use ni vertical sand drains for fil] ron- 
Hirtieti«>n over rofii^h nr riltml amis Inis EiSMiiiUH:l ineretiping importnnee and nutnerotis 
artioies * have nppearod in engiofM^ritiK literatttn'. Vertical i4Ukd if rain ^ repri^'iit an 
altenipl to aiiKtimEil and hin^ten l fn- ciuteolitiation of unaittbk'^ fsitundi'd milaby providing 
verlieal dmiiiage outlets for the water prt'stmu'd to be Kim^ojaHl from thi' s^nl by t.lh;’^ 
weight of lite ^^unimriee or filL The objective of eonscdifinlimi by such nrtifirial roEmns is 
U> develop iiien-iLxed hHiil r4>sistaiii;e and ‘support for superimpf>^^i Irmrls, uaially ron- 
sisthig of earth fills in highwuy nr airfa!^ ruurlnjE'titi-n. 

The coruaolidiitirm liii'orv cmUreiVes that Wf»ttlerilefkt is i?-Btl»t‘*l by squeescing waUT out 
of the vodds tif n satiirati'd ami utidiT applh^ p^t?au^^^ Tfds th(‘or>' pofitulalea thal 
ihi' movE'menl of nioi^ture is eaE|SE^4J tjy fa in^ water pressure or n different ini hydroafntie 
phwun* as* difltiuet from the pnwiMrt'^ mni|i«]ni'iils arting on tbi" i^il maw a w-holr- 
widch n.«sEil|s ill shinirlnjif strewn. TlIi-‘^ ineladw ibi^ ealeiilallou of J*everal definite quuuli' 
tative roiTi]H:mentf? of the complelrd fEiritityj KUch os tlie spadtig of the vertiiTil sainJ 
drains. Hue height of pureharge ni‘i‘*'f=MiTy fo pruduii^ u required degree of improvement^ 
and thk time of the eoii.-vdidatiun |a"rioiJ. f noAr^uerd/j^, in r^^nitfdrrir\y an mslnlhlitm 
of vertical sand dmitiM, carefut and ezpetienCeii siudies rfj usf be n\n*ie nejlJi renp*:.ri ta nitds^ure 
eonteni, soil deiiSJfy. mns<dtdatu*nr t^h^nring re^istunce ht'/orr (trAirA shfndd he rtdeiermified 
fi/itt) vnrmdidntifin, (he degree of nurrhargr food nrreAWrp fo briny aboid fhr required am- 
HolMafinn, o ^prtifiod prf^atn fnr nppiying the iiorftarjp* fiHkf#, Epad stnbitiiy nnalyseit hi 
lie ware that tht piaerment the Murrhaiye loads inff iittf 03U-lie iUeplarrmttd* tn the 


■ PoaTKM^ O. J.. SluniLB or C™i»OtlicIlIuii irtwT Mlnl Fkth. P?rtr. Ilij^kunv hfAfarrk AgotJ. vqA. 38^ 
Pi. II. (1.129. mae. 

5 lvrn.LM 4 N, WaLTES Anvt<»nuai OnrHjIlltitljuo «f Fisir-*T™inisl tMMlf by yitHit* □( CflrUlHmnl 
Prar^ 'id Jrifjf™-, AJimJ .V-n:!- and! yDundiitinn A'Sf.- Ri4il!f'F4aih« vi4. IJ. p, SOt?, 1948, 

a purrR% o. J., tuA L C. llHUva^ST^ J^«n1 PmuiA i^tnlailiiaiuai uf Mfcmil ArtkiB, CirtJ A's^.. 

JmwjAXy. iflurnmEinnH in ihbi nMlrl^ mm rrty lllimlPWtlvw and widl worth ncEr-i^njE tu, NoHL^fc, 

C, M nnd O. J, rumrmp. fiJlM’liTWfMw of Sand th-iilni urn ?J 4 »yr JcCprV Tumtiilkr. v?ti, All. rl**!*™!" Nu. fp? I . 
Prac. Sail nmi Fvmndsiwnt IH*., XSCK. l>iSWniber. lift*, HhenJlL W. rf, Chorltinji: Up an Vrrtiral 

>^nd iVmiiu. i/jiAjiray k-fafOFf.k itoaiir, iTuH. Wl, Fet«i-iimor. lyM. T. fi-- Md flu. H- ft- .Fti-'*. 

F’mid tJOwirmtiaii- 4 ia ^nd tJrda Cwi*irui'l4ei^ *tu Itinhwajr Fnis^U In IIIkImjd^^ /Vy. ifiiitrau 
tt^Moarek fftttrd. vbi. ^'i. p, 747. tWi*. 
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moM of lAf Anl iu an exient wAirA tr*^l rmtirr thr i'ffiioal imtid draiitt (napfra^irr. 

In thow iKHtanteii wlwire vuriiml jwJui dmw havo been Gff4MUvf<, itur planunrnt of ihr 
i*‘Tjrf barge Ineid and tbc Ciam.wpciniliTig Umr perioda liavu Iwen ho coiiLrollpd nn to c^runin? 

5ueh thttit failiirT!^ in ihe mruw of tb-e niiRtabte noiK;; nikd, in tbcKu^ iiuFinnc^ 
vertii>n] sttnid draina hav^ nol b^n efTtfeUvt, the contnd of ih<»e vef^- neci'iiHir^' hietorfi 
hiu not bt'tn ndH|iinlOt thus permitting ihear failiirm whieJi iitny bivp idiiniiintjed the 
efTectivenctt of die vertii:;id pand draiEie by diBplnctJuienl of them. The of this 

nierhod, in moh Ini^n^ ha the New Jersey Turnpike ovn^ the Jnrwy mt^nw^ nnJ 
in the relocaLion of ttighway LjuSuJh^ III., juv jiuch iw to invite further nttempta 

lo urn thip inoLhiph which phouhj bo doouinenW by art uni fnlJ-^tmip data moEitkiiiOfl 
tibove. 

Electro-ddmotic StHbilizAtion. A LOtupamtively reetnt iWebpiuont, which ip be- 
Kinning to bc! npplifHl to founileitian work. La the prwepp eAl]4^^i "pleerlnxiamntir t^tiibilitn^ 
ttiiJi of rtoilp." MeUi] e3wtro#ieg aro intradnmi into the koI ami direct cmreEit ip nl lowed 
to paiw between Utc olcctrodoi until the bdiI U hardened. The prwe«tt trf hardening ta a 
rotnplc>3( Otw in etmrophyficn] chendatry. In node bo firjfHgmined that the vokla tw- 
twifon die ifraiiip mn tie oomiidered ta ftjic cnpihaneEi of iiregulArahnpe having onmprfH- 
Rhlc wa3l5 (i.p., mli and clay), the intiodnction of dircot tAmrk i»ui-i:piit will krJneo a 
dow of water from anode lo cathode. The cathodes (whert! the flow of water dlpc-harvi^^} 
upitally ronnpi of wellpointp; and the anodic u^unlly constHt of pt«d pheet piling, roiti*, 
aid taile, or the liki-. For a more cotnplnle enplanatloti of thi? procepK, reference is mnde 
to the hteratuie.i FiM iwf of Ih^ proc^xi ik^uM bf uwUriakm only % ptr»m» firm* 
t>f eaprninjCf in ^ppltjing dtf proew.* Some applicatioiip at the proeeps have been 
noEabU Riiervwful and others have not; j*o, at any tocation t« which the prueesp ahoukl 
le aj^kied, a iKiekgmund of rEirefulIy made tlv^t boririipf with the shparing reaaitanm 
uf tlie Kill hIiouIl! finit be prtividefi: the efTeclivenrw of the proctee phnuld Im' chei-keiJ 
during and after treatment by again delemikilna tiie shi-aring re^Utanc'eji of the poil lo 
check itegiiin in Btrimgth; and, ^.ith rej*i»i'l to tmy exeavjitfrjn involving the .Miil, 

the Uitter xhcriring it^taiirep phoiikl be twiiJ in stability annlyeea tu em^urt* nKniTirt 
iifveanng fnilurea. 
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SEWlflRAGE AND SEWAGE DISPOSAL 


By Richard G. Tixer 


QUANTITY OF SEWAGE 

is tbe liquid wnite of <:omfniLiiity &mi inrEudes thiit from id- 
fJuHtritt] a* wpII h# from midcutud anaw. Th^ are c^\\vd mduMlriai, or irude, tnjmirf 
and dom^^k respectively- Duiiu^tje j^weige eontoiiiB lew tlmn Od peirent of 

Nilid mnterials. ThS# i# about half fir^ni'r and half itr^rttf^nk; ihQURh the qimoijty of 
mYniA in npl Inr^, tbc orKmidc eouUtLl di*cutnpcifaeji midily vtilh the pnaJuetlua td uii- 
|jk^.kHiLfit tklow, which nmkcfl tlie colkctiun and rcirvovRl or trraii£k!iil of the Beware f mm 
iMjiit-tip amaa impemliw. Jndu^trijil wuift*'? vary widely in quaJit;i' jtnd in quontily jrt 
urdl of priaiuet and may of Eta U- a major farior in the di»qKHf%i pmbkm. Ho Eli the 
r^imnicU^^ niHl quantity of the wnales pnwiit in the ^^wn^p- tfbertforv requirt^ inve^tigti- 
tiH:iiL 

Sewera. Sewere are imdejijp-DUikd pipi^ cur rrmrluits which oiiitti^ ihe sowage io a 
indiit of dti4:har|^e or disiional. A MfpurfiU, or Ksmrnry Bpwer it otic which carHeii dorm^stit 
iitKl IndiEBlrioJ WELBtes. A cooikijW iitwrr nH^iveSp in aiidilion, the Mimn wafer 
from itMjf nr atreet furfaec^K while a *fwrwi-uwifiT enrrwf# this Hiirfnt'e niuofl' only; 

Theaewiiip-' aripnatiiig In ji buildlo^ puKH^ fmin hoiijM? djctures Elimu^i the pTumhjiii' 
ayalem alwl Aew Mirer, or ifndding nmjvrrfimi, lo the tiewer ifjfrrdk Thw disehsirgi^ 
into M trj^>jn43in or main sewer oJid timy reach the |ioint of fiiiiil disrhnrai- or disfigon] 
throut^h H tnnin aw(foW sewer* or jfi/j!'fnrjrirr+ Tim Ifltter h ii wwer cotvLnieted to iuter- 
1 ‘epl or pick up thp floWp fithei- whuflv or in fwirt, from eximing sewers nnd oirry it to the 
pninl id litml itwhurgc. llicre Iji tnori.' ttt Im^ infiUmiion of gr^utid iralrr into sewun; 
Ht bfokeo or iworly eoustrueted jokutSr uiid thui fUiiy ul times eorufitlrmhlv Aiupni'-nt llie 
H'w'ajp? volume- Sincfli uvi^rr w die surface runoff follnwiiig ntinfu]!^ which enters the 
Jicwer thmujch mfef# or m/rh 6osins. 

Quantity of Sawoge. nic iwii facti>rs tluil liavi? tJie grenU^Mt iiidiience in determiniiii; 
the quanlily of dpmrwtie riwo|^^ are the populaiimt and Ihe per ntptfQ Mimfite eontnlHitcd. 
Tfien’ are also EitliiT factors aifectinjt I lac quontify of floWp such jyi the numlHT^ ntid 
MMi of Emlkidtricfl juid the quant ity of jeroutui-w uter inli It ration, Thi*re can b^^ determined 
sepurukcly, and the foinl iiewrqpf Elow reporled in pet i“Hpit 44 daily (gped)* in 

million Kulloius per day {mppih or in cubic feel per second (efs), 

Population £stimat«a. Populn i ion esl i moles are inade iia ntdE;>r to predtel the ipumtity 
laf wwane to be taken care of at n spet'-ified future dote. Thu nqMJTba of the bkirt!aii of 
tfcke CeiuiiJ rurihinli tlir most riMinble lUHinT of ^kripuluttui] data avnilnble. These nive 
the population for all communiiieii for each decade. In additJdU to th«« data* uomi^ 
i^tnles and cities also report die intemKsliate 6-year populatbin 
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Vpinaup m^tlMxb air in Wfc by t^nipDLt.'^rtt iUiiJ city plACinrra for dct^Tmininj; th^t pKOfiub- 
timui for wrhirb «?wcni acid treatment pitanla iihaitki be Thew 

ibei folloninH: (I) CTctiMydun Krttphically c^f tbe pOfKilatinn gninili curvv, unDdilicd a# 
juilKiiiefit and pxpenenee in |»pidal]mi i»tinmlili|£ may n^uirej ^2) compnjuiuii 
cally with Eariti^r dire* baviiift similar Rmwth chimi^terMtiea; (3J iu»e of a c^k^rt^unifai 
tcclufUfliH*, i^mnuxtfy used by cky iml rci^kiiial planner^ in which sjKidlicd pof^ulntiun 
a|ia^^ tpxiup# talk'd €6harU, mdultiiijE frqin uKulality and net nujimtujii plu.^ etiifirivon^ 
trf birth during the ptrlnd^ Jtri' shifM farwnrd in time, usual tv Kttrtjpd into 5-year 
coliortM from tartb tiiTuURh ago 74, a JO-jT-ar cohort from 75 thr^gb S4^ ami Another for 
So yottT* ami over; £4) togarithnik liSUnudon of th^ exiitiiig popnklJon trend; £li) wine 
mat ion of tEitf>aec«i of bEfth rmt^w over dt^ath rate# nmi Id imgrutmnaover nut iniipAttoufl; 
ami (6) oiw of a Ic^tic curvn developed by Verhidst in IS38, liused on a law of Ih 
in n Umitei'l urea. Tlik law wna redkeovered many j-onrs lalei’ by fbiymoEid Pearl and 
f Awell J. FU^ed while lti%t'«tit^tja 4 $ tike urowth of fruit Ilka uinier eonditionM of ecjiitrolkd 
food supply. More reeentiy (tIMO) Vt\lz and Eieb ^ used the Ingktic curve far eatimatitia 
the ixipiiintiou ifrowth of dtoss on the aKtRiniption that populaliona win reaeh a Aaturu- 
tlnu vnlno txu4.Nl on ijeonomic opporiunity and approaohed At a deen^a^ing rate. 

U k HOW t>rromiiig apparimt liiat dl tJiw are at tkni^s iiiappHeablr beraiise 

of a random and unpredictable faetar^ vii.^ the njjgnitiotLS caUised by eeonamJd di!pre»- 
idaoH or by a natioDal eraGr^reiioy os in World War TI. Kelenmee to the population ^laia 
jdiDWu in TM^ ] and reproduced Kraphic-aliy in Fig. 1 ahowa clearly the clfect 4 F of tbo 
depmeions of thu iSTOp IStlO^ and lft3& dneathw on population growths. Figure 3 
similarly sliqiiR the efferts of the higher birth note and the mignitionF of imluntrial 
workem during and following the war. 
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fffifwf/t - Jicc. 


K*C, 2. Curvm Iw (H>i>ulMlrjn fnf KftntiM tTily, Mo, 


Til*' Ihnl famvK hi>^n u-twl for enttmaiiiiK rwpiiliition irouL iwtiim,lly iMuinot 

hir «<][pm^if!H lo apply lo iW unupiial tni);mli«U(. Finurt' 2 ia of jolerwl in ihin «>pj. 
nMtjoti aa an Ulii«tratMn of Uir larfcr em>t« ihat can wuk in pcpulatiDn prediction? 

< Cii^ Afit-. OuliitHir^ l&H, pp. 


























QUAJVTm- OF SEWAGE 


9-5 



1940-50 pflpulotlofi 



i. L fwm 


PIT Pi 


Legftnd 

thun^* 

L [ H*-*i E^S**^"*** 

E2^M-i* t^gassf ?B*-n* 


Hfl ^ib BVfi 


ti^i t950-€0 p4piiigiign 
Fid. 8v Populptinti tnigmtidtui^ 





































per rtKausond popuEotion 


AXD biiWACiK in^jtlHjSAL 


9 l> 



































QL'AMTITV i>K SiiWAtU: 


9 7 

tliirlij]: <jf uki4^nKiTie |KJji4il;itiotiP. ntirli fki*rirNi‘« are rjinl [krpfliclalili'. 

|irpMhiil irfEHln nii' lowiirtj 4 »t<i hiint ihr jMipnEnfjpfi rh*vtjgc'?i for shorter time perifNl^ (5 ut 
15 ftjr which the rfthrtrf-rfurt im/ irrAmquf pcrmitfl a moTTp delnileiS bTuil>^Fi 0 of ihi^ 

imMitijiJ VftrijihTep iEkvviJveii itt tho f^owlh pattern. Fi^^uie 2, whiclj waw iiBetl in mrlirr 
i<^ktSEiii»or this suH^rinii, would, with rrwHiiiy even- 2 ur 3 ycairt, huve bevii adjuiit^-ti 
Ip Ihi- rhunttiiiK Irt'ikJn ihi-y irw plbc^. The ovtuiLl pupulullou of KaiiM]> 
City wttis oniy 7lM |Min?ent of the pretlicted value beciiptt! of thi* emi^tion of ihe un- 
eio|kkkyet| in neeirdh of wofk, caki-«in|^ a net ]<«# p!3‘K>3 of SflH pi^niocw whert?^ tliu j^ii cfurtriK 
(he pn*vioui4 detrude Wse? 75,2^. 

R«eiD»K] Ffictora ia Populitbi] Estimating. Fopulntiou nd^jiilioiiH arise not only 

ifinintt tN-ricktis: of itiniotiijc di‘pn’Wiifkri iuit duHiii^ of jmwperity wtuai pi>uple 

I'HU nvyve into arija.« whi^n' eliirtfitj', fletiKT>\ t*T othiw altnie^ion draws tbi'ni-^ AUo, in 
like hrsl half of tliri- 1140 ^Ik^raili^iurinti; VVorld War II, lb' niuvrpv-nt of hui^^ pkijisiSai 
1o I bn wes^t to work ill war intluKtfies sLicli.HJ tiu' tmplil ^nJWiJi in tht* Skjolhwi'sterii 

sEiiti'P ^howui in ilI the oxia-nw' of the n'litm] wlu*n-' reeuniikE denuttlo^ 

hiui 1-H^is eausinp firialariciJ la^-^ and low inerum-f* to iwipulatiop, Fiinjre 36 sihow!- 
(liftt niiKnitioti^ to the \Nest anrl J^iuthwii^t are still eonEiiiuinjcH Sinre ttu^ nalioroil 
in'owih rate diuitipr 3ft 10 11150 awm#(E'ki 14.5 perAml, Eho^^e arvas sbowa on thk^ map 
hasinjf f(it‘aler iH^TiilcLtion ^liiif than this fij^ure n'oeivfd piijfradaiis fopto tJuw liinini' 
prkjkulcitjim. tiuch mi^jrations eomplieate the problem i]f impplatinik i^iimatiTke. FortLc- 
iuind>% fsjtli Fetleral pwld fltah* aiteiidt^s pe^riofliesilly pubtisb pu|mlaiiuii whii'h 

an* lieEpfu! Itk I he pniparalUin eif platiF for ai^weii and lioqxiHiJ plants. 

The cDhorr-furvival lethnlque uf t^cipidatiutk fort'eastin^, allhiaip^ Ipd>iHiiiii.N. now 
|itHnj 5 wklely in pqbFie-wnrks pLaeinlo^. It bi an aEadysis of aiiimal rIiDriaI^^ff^ 

ffrtiWy^ and nji^Tratinn (n*ndN of (hi- vanuua i^rnqjiiv, or rolMirt.H, In wbirh iraeh 

fvhtirt ifl eJtti'lkdi<4l jpmpliieakly bIhiH^ Jti< tread Ilta* for a 5- to 15-year ja'riod, aa^l 
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Kiel. 5, Nkikcd^r ijf births tukJ rleatkui in ihs SlaLs of U’ashi rkitii>fi. 1ft30-lfU5o. 


like p.*siihaEit Knihnp^ eombintHl hi appropriate ^raplm ns in 4 and 5, atikl in Tnbh- 
2. Hjrurt* 4 ilhjjftratei^ the rnethod of Mirtwifm^ a jO-iTar growth in earh cohEjrt, 
w-hde Tafik* 2 gives tlrr ikumlM>ra In i^arh hM" tbi^ [iopi|lBilon-jtT^>wtli avairi|itinns static I In 
I he fcH:^tn[iEeK. 

All ilirn-^JurjTkg rkkimfsT nf iki^W eln|iloy prnfi-liKtukinl rdtf ^k/Miparrjt to imIvIm* dli^UI 
with ivfehan' 1 ^ to Ihidr rEly’?4 ^n^w lh ntid dnVeloprLir Jkl. nri illk|N^rbiElt <4 Siru 


hufTitker .n ihoe&^fvai 
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pjihatH'r'i rimrliDn in In (nrrvaxi fuiHilnlicih triMirij^, tbi? informAiion, in ekkd of ]00,000 
p^ipqlBtinn nr wnuld n^rmtitly bv lo the 1‘n^ginfNT planninii; tb' 

n>*iitptn. 

S«wigfr Flow, Afou the j|j|lloipiiti>4l pupulniion Ima been detrmilncd, il in tnEilUnlk^if 
by f bp fMwijmrd p*^T iroiiirtbiitbri to upt tbn totaJ finridptiU'd flow, l^pcal 

Rmy omtribiit^^ Isxip* ciaantfitlm nf liquid wwitr* whi;wc‘ ntn-ii^th ainl qimntity 
niifTi'r ^jikOy and mu^t bi tk^li^rminpcl indi^Hdimlly. Cjmu.nd-’Wblvr infllrBliuti into thp 
fvwiMT* ibmiiEh inrint^ whirh htp not wAtercj^hf mu^ nlw be a^hwed for m drtermtninK 
the fliEP of pqpp STqitirrd- Thp lotftl ftnw in ihll* TIUwIp up oF dniru-fllC or najutiuy' 
iEuiu^tiiAl awl inbltmlinu. 

fnfillrnlimt rani>fl with I he Seii^h and diaimderof the pl wt-r, iis maJluriiaJ and lotEitinp^ 
( \h* ran*- uikhI in \u pi>n3*iniPEioii, nwJ tbMlepTh thi^ jj<‘wer bdow the Krimnd-wnt-er k-vel 
nr im/PT tnWi*. Tiddf H ^ given the iTbr-wifurt-d inhltmlion at a fiumlier of AuvriPaii eilk‘i«. 


Tahli: 3. I vrii.TH^nn^ MiiA^rnisiiKST:^ 
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3] Jtv-mrnt 

CiaEHtudiL, R.l.. ... 
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and tbv nllownblv iiitlllnLllon raU’M imxl by vorluiLii^ cuii^ulliiLg engUi^'^'^ in 

la^wcT design uiul cLinjitrurt joii Eiti' iy%'i'n In Tnhb^ 4J Thv iiikpi»rl nf aib^qiinti- in- 
(fpectioo iluriiig H>rint met ion anil of npcvifyiiig iht'' tw^it lypt^ i:if joint for Lla" citrLninietioii 
conditio! ttP y? rheoiuktt nxJ in eb-nriy enkpliaaixed by ihvm tallb^«. A rmiigi^ of 3,600 lo 
5JJ00 gnl pv^f mile per 24 hr hoa been ecunmunly trpeeLiiod for S-in. pija'. 

3 Veut, CuUJfl R., Khd /dIHUa M. InUtlMtiMi SpAdfiTiUlitiR riad Ti^ta Srvat* and tud. 

ITnai*, 3tT, pp, IftSSr 
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6. Chltii nhd IX^liicE^ 
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trflirr nmy tench winilEiry Kiwvr^i thrfiUKh illt«ftial nfqrm-wnler conm^rfbus, 
k-nklPiK iftihtf^ ipf rftniirrclkhru, pi-rTuniUyJ ur hitkiriK iruinhikk^ rovi^n^ and 

ronf fir ccMiir dmirif^. Atk^iunli- iftMinictiun dtirinK bii ia tfi jpn^vfnt 

Enjrh f.ttnytrmii« watiT fpiim rt^rhinn the wet, 

Air Conditioninis Alfncti Scwngc Flow. The mpifl Emii th nt jiir onpidiricininK duriiiic 
n-^ ni ytttTn Imw rraikHil ^rufjhnk'i ill Bftiiu' tntiert hy ihch^nAiTig thi^ wnfi-r inkrLt<ijni|i- 

[ion tthnftruLttJty. I'niiBiiiit cikrrettpuEkLlIhK iniTett*^^ in tlje cupim now , liniA 

itft- mm nvailiJili^ for (f?4ilmhTin|£ the luJihnl kwi thiitf talnewl uft ^m'vr3, kjiil the Kruwlh 
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nF uir ^^knrtitiimiiiiE; vjwiifl witli clifTi^rinK rlinuitie I'fjniiilipnH in fliirc?n.^nl Otkw, 
ChiniKik fiiund Iht wwrrR in thi* I^^cip liiKljicI iaxc^I tti t*np«rity-^ with puSy ji^smil Ifi jK^r^ 
mil fif tiu- dkPlrii'l oir'fflmiitifsnrtl. \n Aii^i>t, 103?,^ iht* watJ^r fnr uir condilinniniR 
wafl 3L jujrct^nt of 1 \mi W¥^ for nil other purposes. Other citHU hk opericneion MmilAr 
fiiffirultH's. E^^liiruitep on n per enpitji aro difSienti for ohiinus n^aeonj, Where the 
inmbh'Wjmv the lequiird lur of eo^ilin^ loirfnt or t^i'Hpfkmtiug con- 
deiiSk^i> may rwJure I he ivnlf.-reonsuniptinfi few aireo-ndtlionjii^ l^v DO^ or even iK.-re*i-nl. 
Daily of ] 10 Eo 350 Rjii per mpita for airnroikdithiiiLiiie luive not l>oen Lmr^nintnorL 

Hisitk^ howevi-r^ hsm eneoumi^i-il iLs reuae for rloint^tic or i>tJier wiEh aueh 
Irmtior'iit na tiuiy In- o-ijulreel. 

Rite of Flow, Till’ mlt- ikf flow iif A‘wa| 5 i- if ni4 etmatftEit hiit vniii^ roiuchly 

lM-lw<^:n 50 ntui 150 |)er«Jtl of tin- riaily averaKr. Fii^un- U a lypiml flow rurve for n 
niaio iHilfaJI M^wer arLil ipvi% ihe a.wn%^^ hourly vartatioiifi in ^.-wtige Huvv fur four 



Atni^neATi riiiiw- The nhapt^ of I he riirw viuiea frum day to day and in smoother for 
tarji 5 o cfltea tlian fur HHial] uiwn^ an I he Liitit aO’ fii|bjef-l lo mure etratie flciwi«. Then- 
nJi- sewautinl ftllelkinl lUno whieli nhouliE Ix^ Inkelk into aceouiit iii Jemiiridnjc fV^'C^n. 

TIh" tfUfiAMtim rate, ufii'r alloi^itLj; for eIiLh A-mnniat fsktiur, ih tluit. for whlrh rlie nt^wer 
k c|e«if{;[iiNi. This will ixdiluiii exna-d LHKS to 25l) ^i\ per rapila pc-r ilay« to wlut-h niust |h> 
midid mi ill Iowan for infiltntEiiii;k of nlnkLit 5,(Ml I i^al pT liiile fuT 24 hr as in TaLde 4^ 
I f tbt-n^ art' inciiiPtHtw pix-st-nt, an eel i male of thi3 voUiuh' oF t ludr m luaJe Ex^jja^ 

fately ami add^nl lo Ehe nlkove lotaJ, F<ir eonvi^nieowp thin lotaJ diw-harge may vx~ 
riri^:ii in kilHocl^ pi^r E^aptla diiil>% or per Afo:' sillily. For leivly um' in ^di^sign, as fliseusw-tl 
ktk a Inter jiama^nlih. 

Quantify of Stomi Water. Two nii^lhclds of e!«lillOltin|^ the qilniilily cd e-lorm WAtuT 
an^ in in'^iiH'nd usi'. I n ihi- ritp^N'rio/f nuU hml, whii-h ih iiiHtl for Iat^^ itn'iyi niuri!' fri'iiutmtly 
ihon for »niivll| rormiiW Uerive^J fre^m luiitkff iriiUtmn-iiK-ulA ntt^ r-mptikyi'il. Hueh formulaic 
may lx'‘ ii.-ii^ri|] w'Ih'Ix! dNuffkrieiit lIaIci on storrihwah-r ruin-'tT an-avnJInIjili- fnuii whiL-h 
lu deU'rniiih^ tu lit tlu' Incal aitnjitiiuir Ifflqeb dnta am mi nt liami eiiipJrii-al 

funnkilnsehiiikhl Ih^ ii>a.H;l willk tikutkuik^ Aiol diffi'ri^mt^ tx'twiini h?eid eLkikilitiinks aikci thoHi-> 
for whk'h I hr- futiniila was derivi^tl should lx* kaheu iutii eoEisJiifration. * hio tkf the ni-Li&^t 
ffkHiLK’iilly uwai Hkf tlki^T fiJnikiiias is MeMatbV, whielk ifi 
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tiEWI^HAOE AS{y ^EWAUE 


wlv-n* Q ifl ihp runoff in mhlfi ^*<'1 pot m.'OuiuJ, A tfu- ilrttinAj^t' In artf** f m 
vnryixtfc from to 0.90 nml nv^nyritiiE ph*mt 0.75, i fhoiTiIrwUy nf mitifnll in irirh<-4* 
ptT tiEiiir (pfiietifcilly to ft't*! [wt lefoiul pfT aotl .S I hi? in 

foi‘i jw'r 3,000 ft. Viiliii¥ of c iritty ht* wk‘l^ll‘tt ftuiu TnbStt or f-vtinfiftti’4 fmin lornl run- 
fj|T dfttA. 


TAHtJS 5. SrOUEh^TEO V'Att'NA f ItiH VAHTISf. PE HOK NTACIKA Of [UI^EAViaUlf * A lit A 


1 

irnperviniw surface 

1 

^tjindy Jioil. .. . 

0 

$ 10 16 2o 37 ra 

7!ii 

tai 

CTlav soM. 


.... o 15 2S -to 

70 

100 

Vidkifji. nf c. . 

a Ifl 

0.14 1 o.in an fljo j fl,+ti 0.50 

0.70 

tl.lio 


i JLei l^ttlTjtnl ^ insnriiJVAfl rripm fllm-inuLU and W^i^ila.. ^^AciLirnran Ck^il tliifjniwn^ IJuulbook.^ 

Jfjim Wiliry Jk bacu», IlLt. 


-V ipiipb like Fig- 7 in nudking Ihn AolLllEun of protik'ni^ by Mr’MAlh'f formuln 

Ipf® laborioiiF- A probli^m will aorvr. lo nbtjw hi>w thi? rharc la The runoff is do- 

Fired from 100 srrffl trith a. slnpo of 3 percent, ctayry foil, 40 pi'-rc^ ot of the Area being 
impi rv^iniEF, and Trith i to 3-00 in. pt\i hr. From Tahln 4, r ii< fonnd to beO.SO, 
giving A %'uloe of 1.50 for c». Enli^r I Km chart tii tho ijpi^it^^r with r|iO bJiea of 100 



_ of " J 

- \—\- 500 


eo loo 2Q0 400 600 iooo 

0lachaf9« |n Cy. Fl. ptr Sac. 

I■'|||, 7 . BtafiM-WKUrr H Me^lalh'iN lurnnilit 


Aria in ccrcs 


iii-rt p, and ftpihiw tlw- Vi Kji^al diswn Ut the whjpr nf |0 {n t ilh imlii'atlMJ by ihtt 

ikfh>.d line. Then follow tlie huriznntrd to o - J .50 and theiire liikwtiward to iJ mi Uncr 
wah*, n-mlirEg M en ft \ior ttoo aa thr valuff of 




























































QUANTITY or SKWAtiE 9-13 

The nitioiiAl mfrlBad li lUH^i mun.* f(ir a-nvtdi pji^ba tmc-h oa itw Mrvui hy 

Plfjrm-wftKT lirmna, ll ii< rTpn'?»«t*4 hy i1m> funniib. 

(? « n^-i 

whi^rE c ia ihrL' wrfficirni */ which vaiii'^ frioiti, O.lO to 0,^5. 

Itt ttu" curcL'f* for Boptoii ' FiR- Hi', the rulAtion iiiiLXktntJi]i 

inteiiitity Ain\ linnj fpl" nwiifiill U ^hijwn for t|«‘ p<li>mtji likely lo v€cm in ihv 

iiiimh 4 <r of ymrH Ri%Tiu If mitifaU m-oriifl art'- AVnilatilr^ rptuiiljir curv-iM m*,y YnT citn- 
itinirlk'il for iitiy ar+^i If huch dala i«pi nvoilnlih^ it will he ovn'iwjiry Tu 

eoiv<it|i»r rlu^ ilata .av^nilaJile for ur^bu^ eia Mmilor tmiti thcR'' eimi'e*i, ll b* 



Ou ration tEorm tn HOyts 

Ftn. S. IntFiuiily of jim hsilal Ion ml B<t^Uin. Maw., for diirnliffliP iinrl frf^iurtirim. 

fJi^rPiuin, ^’'r^fuincj^ nf E’rfTrrAirrr t£aij>fattt aJ Tiiviimj. .Im. n'Crtr- 

CiriJ j&H tn,, tul. U5, p. UK! 1. ji 


lhat thi' inlen^iiy vnrivi^ iiiv4'rw-Sy with IW duiBlioR of fMififiiil. For P'Xitni|pli'j. 
oach ykur it nu*,v win at I he rate of in. |ier hr fur 13 niin, while an inti-npity of 
only III. I per hr will rPHUinu-t^ for a,*' InnR of an limir. Once Ui 50 yeof>+ biII inteniKiiy 
of H.Hi in, inny i^mJijn^ ftpr 13 min, w'hihi 2.4 in. hr may I'oiitlnut? for 1 hr. 

Thiip jrUeiii*ity-lim-e ivIutioEiJ'ihip may Ijc n'prt‘-'^‘'nt'i*c| jiLmj hy a forniula of tho ty|w 

i ^ (BfMtfPn). NaTtirallc, tlii^ intoiiR^y of pinaipStalSon b not nnifonn over 

E + 

lar^e an-aH hut in that nnnFuri'^J nt thi^ parlicttLir ^Kiiril wla-n^ the rain Raxe m Inrated. 
Tbi' way in which tlu-averaRi^ ititoiwiily wilh the Fke of aren for naiiLs of differmt 

durationL \* nhown in MiirRl«ii''» liala * itp TabJi" Ip. I’ur tm area Eif 5,000 (u'n^ llio 
3a-min iiiteikFity will la- tpiily Ly2/2.3rl • S2 ja-netit of the inlecu^ity fcpr an an-a 
fm+M:E‘nth PU? l4tn?i!‘r 

Tlip^ fhtif ttf rantTnlfntimi Ll the litm^ na|ain«El for Ihr w'Aler rroni the fartheslL point 


N;>i>lntHlllJ^ut ikf tnlfiiLPf ll ihLLi.lE. TpriPI^. 1 Jf-f'i^r. inli^ ST. ji. Vril, ItfJ-l . 
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SEWERAGB AND SEWAGE RlSPllSAL 


Taklk 0. Average Istens^itt ur l*HKfri‘iTATiiis a?>'p Ahka CuVxrep, IVjimti.s, ' 

I'^tirnAttNi fiwiin'iir'y flf ijfinim'nrp, Hi y«nv 


An-a, aerw 

Avi-Rtjte intenujty of pn'eipilalinii, 
in. j;>er hr, for dura lions of 


30 tiiiki 

45 Inin 

bO min 

ti 

2.48 

l.SH 

l.iXl 

500 

2.34 

1.85 

[.55 

l^OQO 

2.Srt 

1.80 

L52 

X pflOCI 

2.30 

L7rt 

1411 


245 

1.74 

[47 

3,0LHI 

2.07 

l.fiil 

L43 

4,000 

1.118 

1.115 

140 


\At2 

L.lil 



I MAWraN!. Fajk-ME ASCE, Tiid^ STi p. jWK\ IV2-I. 


oJ thti Et™ tjo rt-neb puinl fjf cowf^^nt.rEtbn or tbjit poLot of lUv Eycrti-m for vhh-U 
thi- rotEifiuliktiou of iurfap? runoff h Iq lie mndo. Thb tirao i» cornputini hv ju^ununtc 
un tifiM? n^uiiod for the runoff for the moBt dwtant pfirt of th^ ikivn to mn^h (ht^ 
EH^aux'^EL inh^t eihI bcldin|£ tlw^nito time *4 flnw in tin- w^aer from timt inlet to lht‘ 
puiiil of coneentMtioD, The miEifall inleEkKity i uited in the formuJE h itmt inlermiiy 
tif rtLtLkfiilt wtiieh Uwat* for the time of oiiEitfeetmtion nini i# Ittkeu fraJn tlw inton.-ily- 
dorutkon i uryt or com puted bj’ the Appropriate fonntiln . in I he aboi'o formuln, Q 
ift A nkoximum when A hu nHwtlmmn, winw* 4 vAritw morr^ miMillv llmik, but inverwlv 
wUh^ i‘. ITio inteiwnty uacnj, thertifore, Rhouhl ht.^ fckr that lime nt whicik tlip entire aren 
bec-oiiae# frihulAr>' nt the poinT undi^r raneidrrAiicin, In stomk-M-wer Etudii'#, il je uii' 
neeeganTy to eonstnlel a siqrtii fewer ihai will Aerommodrite ihe lariptMt EIockI of record^ 
I tut ilv‘ -Vp ICS-, or JS-yenr Itockd id onjiimiily awh <li"P‘ndirig ou the Ainciunt of Ehututip^ 
ibnt may result from overtaMtnit iht^ ftlnitii isewisr. The inlet time varies frEPm 3 Ut 2!ll 
min—orriinnrtly beinK bbotil S niin — anil estK'rienee U neeiled for Its z^itorljonr It> de^ 
termiimlion is appro.oinjite and ie more important for aitiaII arofyp ihan for om-Hp 
riinee in fUE^Ii r-AHer the inlet tlEiie is a pmportkiri lif thi*^ toljil lime of ^'icimeiitni^ 

kinn. 

The valui' rtf the ninoff ooetfiekmt to he used clepetidn nu the relative impervioike- 
lipsF of tfkf^ lrihntar>' an*a and the lenprth of time it has been mining on tfie vuriEiujq iskrtjt 
*4 ihjil areik. Table 7 Eiveti the raEkije of i-oelfleirnts of rutkEiff that are t'unkmnniy nw^L 
Whe-fk un ttrea in.eludE3 difTennkt c^krwca of fiurfacep thdr I^deflkE;}pnt» lln^ combined hi pre^- 
l^ortion to Iheir relative aix-»iui. For e.xuxiipin, k't it he ixxrtiited to dftennijie Hm' i-ci- 
P'lfiriimt nf rtmolf fur nil area of 1.5 arna of lawm< aiiES parkways wllh a txadh- 

k-ient of O. JOp and (1.5 aete *4 pavements oikd roof surfack*# with a ets^flieient fjf 
TtiPOp 

a5% X 0 TO = 0 235 

75% X Cl4f> « 0d>75 

Cof^ffieienl for total area » n,30(J 


Tnlile ^ idiwtrate* the eaTient pmetliT *4 (Iw l.ar)(k-r Aiiiennim rifles and Rivi*s 

thi- iiioe-mt nijfcKK of I'pw^ltki'h'ii tj* 4 pF runoff inht fki]ie, tmil >t<kl-m frequfmy f<ir wliieli 
ilinitkaKk' providetL 








QUAPiTlTV Uh' BKWAOlil 


9 15 


Tahmc 7, fiRTASt ASM Kriciiusa'f^ J>Tt«ArK^ ur IIltsokt fhum 1>ifkkk*lst 
or Si WAGE JUA I^KIlGK\“TAliER itF HaISFAU. LvTKSMJTV * 

WntertijliiL roof surfaw,^ --- 0.70-41.1.^ 

.\*phjilt pHWjienta ill (pood nrili^r,, 0.S»-0.tl0 

SluckT^ bricky atid wtKxl'«?ii4jlLH.''k wllh tightly 

.Pi.-. ^ 

SufRP with opt»ii or uncpnw'ntiid ii>piot^... n.,W fl,?0 

[iiferior hliM'k inwmt'nrF^ willi ii|w^n jiiihtft. ..... 0.40-0.^^ 

MMcadainirfd . , . 

Cinivd rijadways aud wulkat,.. ^*'^2 S'S! 

IJiifitivc^d aurfbiuts^ miln^fi yank vBE*=tTii loi i. n, |n 4i,3Cl 

I'brJwi, jcunlniw, Inwiw, ciJid meadui^'B. nn wirriinp , 

mIop<- aehI idiarai:li?r wf ^ulv4ikil..... *.. ---- 0.0 j-4>,2o 

I ft»rk ^VEtvc# lUCtU. 


T.ihlr 8r Rgxofk A^fSArym^ixB iVm is Lahiik; AMEjturAX Cities 


llfllll 

CopSictrtil 

of 

nmoff 

cotiimtiniy 

tiBL^d 

Buhieii^ ttnwj ..! 

iTri-kWn 1 iML'ni ffwiilii'iit Ii!lI.. 

OjiO-€.tli5 
0.30 O.fiO 

0.2i> 0.10 

ik20 

IIS 

O.IK) 

0.40-0.'i<J 

(1.30 

5-10 

JIJl FTT I'l n ■.■ ■'!' IF 11. -■ "■I. ■■ ■ “■ ....^..^rc Tirr-T.^.-p ^ 

b^U^t-Fli^l IJUAI dl:.. m m A M A a S 

Inkt tilqnr, tllill. . . . - ■ 

FTtMtufliiry of Btorni prmddiBt frsfp ^ 


TABLKil. llirNOFf'CofemciiiMs btZoms Mctiou fur RECTAJsufLAB Ahkas l.f VVlUCII 
LeKCTII lf« FriUHTlMBlt BREABTII, OsSTAWlSd VARlOrA PEME.STACES of TMFRRVtOliB 

SfRjr.^CES 


rhirtilioiip 
i^r tinui of 




I*ciTimOi|{o uf iriifiemEiitH wuHactB 




l.mtiriii, 

mill 

00 

10 

20 

30 

10 

50 

m 

70 

80 

m 

100 

in 

01 411 

QAm 

0.2211 

0 ,2li0 

0.300 

0360 

03ilCI 

O.liiO 

0.470 

0.910 

0.590 

1 *1) 


0.277 

0.31^ 

0,3150 

0.401 

0.442 

0.483 

0.524 

O.iW 

0.liQ7 

O.tHS 

ail 

n.2B7 

0.321» 

0372 

0.414 

0.467 

0.41*0 

0.541 

0.584 

0.<i2(i 


0.711 

16 

0.331 

0.377 

0.42! 

0.4l!kl 

0.608 

0.551 

0p3^M 

0.035 


072.1 

O. 71 S 8 

tio 

0.371 

0.416 

0.468 

0602 

Ct5lil 

0.500 

0.Ep33 

0.077 

0.721 

0.7(H 

0.808 

T6 

030S 

0.442 

QAM 

0.t30 

0.574 

0.013 

O.Ofll 

0.705 

0.74tt 

0.7S»v1 

0,«37 

tRl 

D.I23 

0.405 

0.50^1 

0.552 

0.600 

0.O30 

0.0S2 

0.720 

0.7l»tF 

0.813 

0.&5(> 

105 

0.44."i 

0.4S7 

0.630 

0.672 

0.016 

0.057 

0.8011 

0.742 

0.784 

0.827 

0.8(30 

120 

0 I l]i3 

nxm 

0.64tV 

0.5S8 

Q.im 

O.OTI 

0.713 

0.754 

0.7lhi 

0.837 

0.870 

tas 

0.17V: 

0.621 

0.661 

O.OOL 

a.iH2 

0.033 

0 ,?2i 

07t)5 

o.sor> 


0.887 

160 

0.41i6i 

0..635 

0.574 

0.614 

0,064 

0.004 

am 

0.773 

0.BI» 

0.8S2 

0 .8(Fi 


0.622; 

0 6141 

0,60S 

o.m\ 

0.074 

0.713 

0.761 

aim 

0.827 

0.8(39 

O.tMKl 
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f>EW^ItAGEl AND BEWAGB UIBPUl^AL 


Obvioutklyp loTiB-cfinUnHod miji mlumte? the mil hihI pnKiwrfi* hij^hf’r ruTioff nw-f- 
HekcilJ thiiEi ik^ foumi lor tJii* aoitiir arva. ^laturAtixl, TIiei^ niciolf fr«un Hir ntrr& 

iien.rt'^t tliir point of ron^Fthf ratiaii from h surfurt^ llitit luii( booonii^ ntort" utitumU'd 
tbfui the more Atlirinpb^ mnJo to tikke.lhiii iEkto 4ii^'0iiikt noEi to 

odjiiAl the mnofl ooeflirijoiit by tlivictioj;; llir B.inrj& intci itiiirF of t^uiiil dbitnnrrp I1^]f'J]J^ir^<j| 
ill ruiii# tiiTu% from poinl comivtilmtJoii and iiy uNiifr of iliM-irfaFini^ 

iikagnituclo an t.lit^ zoiil^a atc i nerL^osioj;ly diiitiint. Tablo M hjoi ^A^rii ulrrivcd by ifirntkiniEijiE 
the^e roet^riiintA with tboir approprialo rmcdoEtal nreey^ li>' thu EOtH* iiitoi'iplt" Eind tm 
Metcalf Aod Kddy’n daliL^ lor mnalT ooo^ictiiB from a rrctniiji^taf elttui four litnnfl ns 
loop it lii wridi^p ailli varyttins porEunlai^? of ini|Hjrvkiu^ i‘urfuor arul differniiit dnn'HJi ol 
eoncootrntion. AltlkUUjdk tEii>^ are appltciiblc to a purtlcuLir Hhape of air a, t-hoy iklw 
apply in a pi^okik! way Up tlio areoA which art Lieuii1)y' oiitountoroJ in prurcirfd pTotkh>iii#r. 
t^TTorFi dui? to dilleirc^tiErc iti ifbapr of drainago arrojH arc ptobabEy W'itbiu tbc limits of no- 
curacy ckf iKd mtioual lUirtlLad and of Lbo luiajuinptkjnei on whicli il u bfiriYl. 

Tabic 10 in a typi^Al illuiitrution of way In whith tbc toefHeif'ikt. al runolT varies 
with dumtiou of niLnfalL tt u oonveniont to preptiit^ n table to thu for nny t*yirk- 

monily in wbii^li coUMderable Ktunn-w'wj^r dt'ftgri to \it ufuJcrtokni. 

Table 10 . Kc^xoff Cdkfpjcibxtb fob (Jntaiuo^ Canada ^ 


Dumtlnn of 
niinfallp min ' 
(concierUra- 
tion time) 

Runoff txK'ffinentB 

Fi'rviijus^ 

surface 

Chit ly in It 
dlmrict 

. Central . 

j hlL^ilkPflA 

5 

0,00 

0,50 

0.75 

LO 

0*05 

0,fp0 

0.80 

L5 

0.10 

0,75 

0.35 

20 

0,15 

Q.80 

OMO 

25 

0*^1 

0.825 

n,05 

30 

0,25 

0.85 

OM* 

35 

0,£Wi 

0.805 

0.W5 

40 

0.35 

0.8S3 

0.05 

45 

0,40 

0,00 

0.05 

50 

0.45 

0,P17 

0.05 

55 

0,50 

0. U3 

0.115 

m 

0*55 

0-35 

1*00 


iCiHVOuAV HnJ AlXOLb. tluni^ff—^LjOTMlI &1IRl-«rfF FnrtiiliLii, TraiU-. ASCK, VhL EM, f). low, IDfla. 

Storm -Mwer problem- The imt of thiaH? tabl«5 mttl the iiitcmdty^lTjratkjn rurve will 
tiow' be illajftmiid by on PAnmpIp, In Fx^. t> part rjf the induAtrial ewiion of Marii-monl, 
(Itiin, V to be iwTVpd by a Atomi jseweT. ]>et4!jriuini'‘ ihw aixea of pipo niiEl tike qujuititkw 
invnlvcfi for the arm tributary* lo the main orweroti [TiduHtrml Honil nt nyinbole (M.IJ4 
tl. 4WuiJk<: thnt raiiirnll rondhioiuk mv nimilaf to thoH? repre^ntini by the m 

ri|f. 8, that the lO-yenr mm die tmflii for ihu drsian, anti Ihnt ihr of 

imjkervi-Hi'* 4<urface on- iw i«hf^wn in Fin. % The (onH^ltaLioit? and dcfiRii 

diiln are in Table II, In drtermJniiiR tire nixe of sewer frorri M.H, 4 to 5, for 

exainplL\ an.*a 2, tributary at MJL 4, h nddetl fo ana tributary^ at MJt. 8. The mm- 
biriod iin^perviouAneai ib found t* be 0,Gip which with l2.8-ruiti dmmtboii n rrM'sirkcimt 
of tiiiioff of 13.41 by inlen>nlatiou in Tabh- V. I’he lime of eoikcentration » wjtiai to that 
Al M l!. 3 plus tiriMi m|uin.Hj lor Uow fnam M,lt, 3 iij 4 , ITjc minljUl inteiidily from 
Fij?. 8 h 3.8 in. per hr. From these data m total niinifl nf 3,74 cu ft per see in oljtained 
'rhe lopoftmpby pi^mdu n slnpo nf fJ.tXKJ, which from Fijs. li> m^uirra an 18-in. fnjM^ 
P "T^T-imtn ■tid Dlpp<fcwl:.” 24 erl , p. 103 k 1830. 
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TJj«* tmpgieity Iihil vtiloiUy for thin jjipi* UomIiik full oit tin* kiulIi' nivrn «n' -I.WJ eu fl }t(T 
And 2.7 ft pt<r m-t? rrKruvij^irij-. The olhnr m-rtioivc of the nn> tlrlenniriMl iit u 
KimilAr nutntirr. 
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inmsfrici 


FlO. 9, SUimi'-MWflr pnibtem. Mfe^cinDht, Ohio. [Fram pians by Fay, Spaf^r4, and Tiwrn^ 
dyk*. Cfrn*idtini Eniine^M. Bn^n.} 


Runeir If Am Lsi^e Aius. Um-auiw of tlir tinequal (ILtlributwti of minrotl tlint u 
likely to «H'< ur over lArgp drtiiiiniie the fAtbeml nutliod I-* not mi eauily B|jplicA|j|(.. 
Rmidrieiil rortnohiji syrh an Fulli'i-'i. UinfiJ mi actuul «tpntin How atv fmcjin^ntly wed lii 
eneh «iiW, Kuller'* fomjyltw.) which are huKdl oh a RtAtiotieMl el«(l.v of fuiiofl diilu frorn 
many Htpeimte llirwtithuut the Ihiited Stalee, Are an follnwa: 

ff„v - f.l/''' ,3) 

f/r n.f'AF'd ^.(Vf^hJB7>) j 

- r.ir '[ I + 0 .S lojt T\ (I + (JJJ 

A-hfiTi* h the nwruKe ymdy Pood in rubic f.-et |nt neeotvd from an arr'a of If «. 
milw, </r « ihe mAsimun, iU,r n™*i i„ * pi-Hoil of T y^n,, in tl„. nmximiini rate 
of flow for Ur. noH f l. n roeilwieot, the value to he ami iuivjiiK hvn determincti for tlii> 
an-a m f hy rc»iii^iJLrlFM>» wilh otln^ hlrrsitoji or hv mnuiutulLinEi 

If runoff dam for a few yra™ are avidtable, (' ,«n dHi-nuuierJ bi- rompulatioh from 
tlie fornuiia for Q.r. Qr or «in ihi* bi‘ eomputed lor any ifi^nNj p.-riod of time 
by iL-niK Oitn value of (' in ihe appropriate formula. Tliiw formulrm fnxim‘r»tlv rive 
0^1 1 - which fail to cWk Nlr«tm-lh>w ms join ontl should Iw u.-ieci with camion 

Fr.>m TAbIr I 2 , the dte of flood lhat can be eipecM from the imtiuiJ to the l.dOlV 
year flood in ri'^^n. The effee! of nite of drAiturjp> anur on tlie tuaidmiini dilH-llnrxe mU- 
■ frani. AM^F. 77, p. -1*1, lOH. 
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fttm) *hani. fJftfv in ywiT? n HowJ Eiiny rmaur whif^h w rilmcMt (ftict* jm hiiup M 

ihikt to bf^ eKp^^tod mitre in every 111 yf ^rR. \n<\, for a r^veu lli»d^ tJn* nuiviniiim 

rate of nifwifT for ID.fln^l mi mili-^ ij^ only 12 in of tiui avpingi' 24-hr rate^ 

while liuil for 15 iq mili^ k 100 perten I nrrater thiiiL iho 24-br a 

Table 12, Rk;l.^tiomi:twe;e^£ Maximi'u Ftjciod$:,Fr£qe:k.vczi^, Avi>^ixf<^or Dsalsaoic 

A ILKA 


Tin»% 

veiin^ 

’(r^ 

linlifi tif nmkEnmin 
UrtiKi of lA'rirKl to 
neemip’ nlTlllJjil 

ntwNi 

f 1 + 0.8 T} 

I>rainii|ti'‘ un-ii^ 
m| inih-H 
iMi 

Krtriii uf iTuiyimiini 
r^iie nf Rnw 

2^-hr iivi'raHi^ 

(■-#.) 

1 

I.OU 

G.J 

3.0 

5 

1« 5t k 

i.n 

3.0 

10 

K80 

5.0 

2.23 

£5 

2.12 

iO 

2.0 

ofl 

2.3li 

rtO 

l.tl2 

100 

2JirO 

104) 

1.30 

.'iOn 

3.10 

1,000 

\.2a 

1.000 ; 

3.10 

iQ.oeia 

1.12 


In URinii Fulk'r’w k^ntitilii whi'n- n™njB oo| AViulikhk’ tar fke vtthw* 

of C tfi \u* ii«Nj, Tabir 13 nmy ai® a awisii*. Thi? wu|e niiiK^' of wimiR iljr 

tJmitiier to hi- rnutitniA in urIiiic sivenkjji* VTilui*?* for Tbiw Ont/i may he iw’efuk how- 
ewr^ wIiDH^ tflrPAto-flow mi^uremeiitR an* ou'iaeit op eolipi^ly liiekio^r 


Taiilk 13. Vali^^ of C IS Fi lleh'?i Fdmid Foiuiri.A 


T.rf>culity 

^N'umlier iif 
i^trefltn 
Atntians 
i'(kTt}(iflereif 

Value 8if fT 

Maximum 

Mukiniuni 

AA-enigi? 

Xew Knghiiid_ ....... . . 

32 

110 

17 

57 

HuchiDti Rivet hiufin p r . 

14 

J32 

37 

35 

Mkldh^ Alltinlie states ♦ ^ . . +, -, 

n 

140 

30 

715 

Sciuth Atlhiitic Ntii£e?i. ....... 

40 

U3 

2o 

m 

Ohio River iHtsiii. .... 

38 

142 

47 

81 

Si. Lawreuce lliver luksiii__ ,j 

23 

no 

!h2 

31 

HudanEi lioV hdufin . ^. 

0 

57 

ns 

20 

Fp|jer Misid-sHippi — = ... 

10 

33 

7.4 

■22 

.Vfi.wMiri busin. 

m 

JO 

1,S 

11 

]/nwer IhiAin 

s 

32 

U7 

1 f 

tVe*leru tiulf of Mmieo... 

4 

31 

ll,o 

17 

Colnrudn Etiver basin 

24 

40 

3J) 

IS 

fj mit Baaui ^ .. .. p 

43 1 

53 

n.o 

13 

Southcni Paeifie t'lmjrt... 

20 

hl3 

15.8 

Ii8 

Norlheni Padfie c^iahI 

32 

ISO 

2.2 

45 

TdUiI op Avt^nhi^^ ., . . * , 

440 

iW 

14 

12 


The Usil Hydrography fn 1U32, t-. K. SlitfEiiFiii out ihal all h\drotgrajih^R 

for A pveii }4Utkiri on n Atn^m had aliout the sttiiie h^ugtli uf tuim- nT^nrdte^t t?f iIm^ lotfll 
nUnfftll, if tike Rtnrn^ wb* nf uidl I liny or I hr. In I wo hydrogtapha^ ibeiefnre, 

the height of hydrognirih at tiny looEtheiil wh# n furintioo of iho ramUH cauaiiiK thnt 
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runoff. Jlfi th^reforo proposed that the hyiiro^ph for aov storm whoRe rnitiriUI was 
known could be con^tnieterj from the “unit hydroHniph^^ of tiiut vtjram. The milt 
hycUogmph is the hydroi^ph of nurfoLT runuET from niiiirall within a liiiil 

is me. A distribution fttaph is & utdt hydro^rnph modihcd to ^hi^w the prtiportiniiiLi 
rotations isf its ordinates in tK<roentii^^e nf the toinS nlnoff. Ft is po&flLle with Ihi^ uid of 
the distribiition grApfE to iwoii^trLict itn^ ^ ipven stn^hm Far any nunfall 

roonnJ by eonstruntiiiK thi^ hydroKF^ph for earli unit or dny^it rjiinfoJI, niakiii|[ a eom- 
IKwite of these, nnJ Hiperioipaeiuij^ tltis upon the exl'^tinn ^ouiiil^^iiier nr ^iry-i^i‘flther 
flow of thd period lo questiou. The tucthpii \m Imho devidcipcai mid ni4sliti(*ij by Shtrniuii 
and others till it is now pebble la detofinine flows by llda euothod with Hufliefent ae- 
curany for design ptirposes.^ 


SEWER DESIGK AND CONSTRUCTION 

Surveys, Plmifr, and Speci&ctticuLfi. After the quantity nf wwajge or atorm water 
ta be taken caro oF has bteu deterndned, the next stop ui to get the sixjo and slope nf 
flewooi to harwile this flow. Siwa ouinol Iw diHemdned until infonruation b 

avaibibb for cstablbhing tiie s^ 0 p<» on which Uie svwuro arc to be built. Tlifse alopr# 
nre rontrollod by the local topogruphyp and the nectMwarj' measuromimta and jurtr^s 
titiVfi tw tniMh! from whii'h a topcigrajihiu map ean be ironslnjet^.^. Kor txirLvenicnee tJjh* 
maij slioulcl Im! to a scalp of about 2D0 ft to ihe inchp and the eocitouh? should \-w- drawn 
nt 2 - Uj S-ft iniurvak depending on the steepiie^^ of Ibe slope, Fmm I he lopogmphlr 
map, it is pofvihle to determine iho Htro^u^ ori whitsh (n^sers ate to Iw construetiii, and 
the plan is laid out on Ihe nuip. Fronies nro then eoruitryeli'd of the on 

w'hieh sewers ant roriuirod. h is dcslmblo to diow j^uch infortuatinn ermcoroing sut^ 
surFaii? coruitructiun amt soil eonJiliotui a-s is iwcrwnin’ for cslablij^hiiig grades and 
i^timating the eodt of lh^! work. Tho smrvey parly jdiHi fxiUectu Liformatlnn cm existirtg 
i*ewrn«. griiuiubwJilBf ctmdiijons alTcetinK lufUtratiun, and other spe e ud conditioTiK which 
affcfct 4:^natruction nr cost. 

The proliJff luwl in the ph'limiiutry iHudy for prt^iJjLrinp; tin* prt>timiiiiirv- mtinmlt- frf 
lh« > 1)1 ttK* project fired not be veo tiblwrate. It cnii )«■ dnimi from clccatioiu 

tnlicfi from tlte crfntwir iiuifi, and Icntativp can be H^tabluihcd for tlii> 

Befon-iwkin*for bidii, however, iiral in preptLring Ua- fitml «ilimntc iif h» 1. imucfletailcd 
rentniel [lniwi>i(,ii nhniild bo pfcjisred. KiBaro 10 ie a rentnicl drawing for n 
of an ifilcrceptin^ newer for a riinall nomnaiuitj- which illun^rutci the iiifominiioti that 
-houlrl bo shown on .mdt drawliiKn, All the ihlormation which will be umIuJ m iJh- 
liiwpcctive Itiihlor hlinuhl be included el (her in thi? pontiwil ilmwiiigsor in thespi-ciliru- 
tiniiA for Uie job, SfwcificiitioiM in' detailed sUiU'inefilfl (^wcifvbijf the tiielhtMln iifid 
i)wP>riai-i that will Iw ticcptahlc on the projret. Experii-UM with batidlim wx>rli of 
rliie ehamefjT jmd famiJiarlty wi(h llu- varintw dirlfuJ« in vqIv«| and fimlMiblc t tneritciiclMi 
to bo enioontprcd nne tJMcntiii] to I He (ircparation uf wiiinfiwtorv eiieriScntioiui. ittand^ 
(inl epenncatiDiu may be Ifiicd for BOmt cf tJic niaterllt]*, liul ttic U«- of “caioiHi" .«»«!*. 
liiitlione, or thoee lairrowcd from nTinilicr job, b. ujtHiiWaeinrv, eince the ronditioiu 
jojveruing the work cauTtnt lie identlmi 

In o>rotro. ting lla* tlw ifivc‘rt nt.ri crown Iiiu» of the sewer arc shown 

aiHl thr htuI thatnelcni dotCfTnim^d. Thj. pi*,* „f ,1,[. s.>„enf rotmired fimv be 

rempulcd by fiiui of thi> foU„wln« ftflaulai., or Ihoy neiv l«; taken dltvelly from churw 
cimitar to rigs. 11 Ut 1^. 

Velouty of Plow, f>,«. ,if th,. oldi-n ami U'»l known formnUa for flow in open or rUw«l 
flianurlfl U that of Cth.'iy, which i# 

' - toj 
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Ftn. 30. ConLrHf!! dniiVriiiig fwf mi mt4.>Tft!i|jt3njt Krw»fx 
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yvhi^m t iH thy vi^lDdiv yf flijw in fiwt pusr Be.*eu|i4l; r * df|Kti[lini; uy rmiiglini^ 

itT t.hp i-dnikit fiiiil varying with ^ and R tb^ hydraulic ffiJiiiH, wliiyh \a tb* rntio nf 
flr»w crmw woctinn lo wett^ pprinii^hT of ftindiiit (t/ 2 for rtrrubr p\pf^); wniC (her i,b|>o 
Ilf roo^ltiit in f«^t piT ft. 
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Tlir OMS uF Ihi* fnmiulii nmy ly. fadli!«t«l by I Jir ™nrtnjrtiufi of n t-hw-l likr Hu; 11 
To fi™l thi. vt.|o«iy jn h 4-fr un k slopo of ft,(ioi, .frith e t.. 100. priw-f^i 

« Mlow^l /f - - 1.0. Join ^ope of 0.011 with ff of l.llj a„J fn.m th,= j-fiol 

thiif hnt.‘ cTtmiL^ fhi- iniioi! hoe. eonnts^t with *tnii|(ht«Jti' with c - 100 Thie tHMfhH, 
tlw Vi'lorjiy TiAi- At ii:i ft (MT W, whirl! hi thi‘ vi'lfffitv. 
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FlO. 18 . Dia^sraiiii for llte BOlutlufi of the Chri[>' fomriilju 1 " c'S/fiS. 
nmi .l/ffAflntnil CamptiiaiwnMi" p. 34^ IHIN.I 


CTiijiita. " fFrttjsAimJ 


frjntitilh givi^ an t'lpniM'iuTi for c in lefttin of iu Thia fotmola 

wtufi dr-rivt^d for flow in opnn chjuiiit’'ht hut haj* bra"!i ein'iI with a fair nf aprtirarv 

for ^nip^ hjhI mnduh^ It h 
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Table 14. Valc;eb of n Uaed ^^^ Sew^a Deauis 


Stwem 24 in. or Its^f in dniBiL-'LRr. 0,015 

Sewci^ ovi?r 24 in. In dinnn4 of bwt work (1,012 
Bum-m over 24 in. In dbnu'ler uink^r A*Mwi 
oniiiiniy condition^) of wcirk.. 0.013 

Brick BCiTL'Ts iinntl wilh vitrtlwHrJ nr rejisoii' 
abk Hinoolh hjLrd-bnmi^il brick and Iniii 

wUn ATuat caiv, with clww^ jouila.. 0.014 

Brick iind<?r onlinar>’ cuQditliuu^. . 0.015 

Brick wwera^ ruvigk work 0.017 0.020 


Thn uso i)f Lhw formul* t^.RUdb- su much Inbar Bmt chartA mmilar tu Fip. LI an- 
firnnently iipmI, If any two of the four vjirkljJ^w are know'n, the vthi rs will k' ^tiven 
by Ihi* int+«rnirtion with nppEti'BHnto Mailec of a plnatglit Line erpniiEN^llng ihe twn 
fiidorn ihttt an? knuim. 

Manningc formula u much ampler aclO Rivea vfJuts wliidi check Kntter'fl with 
nwatiable olofumcWp iiplnf the ianw valuer of n. It is 


1.4S0 




( 8 ) 


Fonncrly it wa* em^Lnmary to divljm m^vr^ to carry ihi* t‘flt.imBtiiM:| quaiiLitib^ whils-^ 
dbwinx half fuJI. With an mermunnK knowhnige of the faclorv affreling the niEinnOlii-ti 
involved, it w now inmtomir.v to JcaiAn the sewer to flow fuEh fsut not under prfs^uit', 
w huri earryinK the maKinmirL flnw to tw ex|iected at the futun^ dale for whieli I he §ewcr 
w Since it w ciLdumary tu JcaiRn Jiewerv adenualo for 30 to 40 ymrr heutt% 

ihii Mrwtr whi-n eninpk^tiHJ will 1*0 comiiEii-tubly larger than iiei^^ry^ fo/ pti^uK nv- 
quiremcnld. During the hnura of lowest dincha^e, the deptfi of fityw in the sewer mav 
U" tmly a fraction of the toud diameter of tb« pipn, no that vdiHntws lower tlmii the 
drtign velndtiibs may <>ccun It k (k^mbfe, i hemforep to lnvei!itlgale lly! ik^ign on tln^ 
httFU^ of minimum flow' cnndiiion>i to Fee wiiat tmubLe niigbl be osjaM^led due tu low- 
wlodtiiia during Lhc early yimn of the uw: of the newer. It \a prubnbly KuflieiiMiL In use 
iwvwnt averagr rat bar tkm present minimuBi flow m thw invEfitigationp eitiiH' nt iht^ 
lime of miiiinium flow ihi' tfowage is largely groimd water and contaitiH liiths actlling 
m\}ih that miRht rauao sLuppagt'^. Wlaere the slopua we Rat nuJ it is difficult to eievuio 
scLf-ckiaiun^ vetodtiLS, it m munutim™ pcKsibb lu maintain the dc^rt^d velchdticfl |>y 
tidng lat^-’r iuwers flowiiLi; partly fllkd. 

T.tmiting Siiei ud VelDcities, Became of difficultfrom l^topptlgea In ai wert uf 
sukall aiie, it U nol ndviRable to eonatract JiewerH of k^ss ilian 0 in. in diamet^^r. Muny 
dtk-rt Fitedfy 3 in. ns I he mininmm^iie jn-wer permLtiiihk in the city fitreeta, Ttu* 
limiting velocttSci which nrv bt lii/ved «Bt iafiiclory' for the exiatiiLg eonrlitioiui Fhoutd la* 
determined Ixirnn- propcTt^tling with the de-lgii. A miriimiitn velocity of 2 to 2.5 ft pi^r 
see w commonly used fur jv*paiate sewers, nud minimunn gradiimtjg should lx‘ (k-lcrmitied 
which arc suffieiiuit to ptudnee ihin velnrity. J^'Wef* are Kometimr-ri Litdlt wish a vf*|t>efry 
as tow aa 1.5 ft |R'f S(?c, although utiuiptigLW are mote prnljabk with the flailer gradienTa 
TiM'd. Although for tHFiuhiniKl sewem a minimum velocity of 3 ft per ht di^irable, ihb 
tale may ke leduml to 2 ft iH^r if newwaTy, but with an inrn^awNl daninor of eliigi^ng. 
Where miwera an* di riggned for ealn-nudy tow velocitiin, jiroviiijoti for flushing may be! 
di?airfd)le, or injrpt.!etinti* should be made aL inten’fd« to set* whfithiFt the sewer is ope mting 
salisfai torily. Maximum veloeituffl also may ne??d coaBidemnoji, eapmaily In wmliiniHl 
w-wers whe n^ exceHUve ertMiion may be caiiaed by the grit whi*n ra.rtiM| at high velueitiev. 
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h'm* 13 . l>ta|ffntn for p^ulinn of M annmi'a formulB. 


WJiaro vtslodLka i» ksoubh nf g ft pur »co EUft> ivnuirnd. It w nitftonuwy to Iii3u ooncrcle cq- 
brtck oowuiTs jiL for till' loi^tr hflir. with irilririod-hrirk or vitrifiii‘i3-tili! Iiiu.-r 
For umiLlI whi«ri? vitrifinJ-oby pipo iif littio tfoubk* has boot otcvuntoiwd 

frnin ortH^t fluo to hijth vtkwitios. lit may bo dtairabb, however, ti^oatry tiowt 

at«*p jiloficyfi by UflitijG ttwi or marc rlrop mniihotps, as illuHtmtcd hy Jig- or siTniliir di^ 
vim whieb permit a vprl itid i \nip of ity ik^aircd ainoimt it tht rniwat, J t thb way* im! 
VT'locity b4;twi?vh tiuiiihol« Ib Jcfijil within sifo values^ 

IV b ordlnarilv u*h 1 for liinoll but for \s.fw^ oi«« ■ widij vnrioty of ftMpfift 

ima mAtiPHab haa bwn i«Ni In Kbctinn lb- fi^wer fti^fioiip it* hydrouhe frattitna 
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rtvrfiwl* flcmfinFi in^ms oF hydFaylic eJcmtnfs isr ftjU sacfion 


Fjfl. 14 r HiflmuliP tltwicittit <if luruulw' rf - 12 . 0 : p - w » li.Olt'i, 

"Snperwjpr and &Tmer T^rnffllrnf," td.y p. 6S. I't 1032.1 


nhould Le tJLktu into acc^cuiit. M to 10 gim the hydnitilit cimmrtL-riilicv uf 

f^irtiilar^ tuid E^uajv sectioDS. and from tlica^) rbiirta tlR^ pi v^ryiiiK 

dL'plhd of f!ii9.' can t>e di:tt-ntkinc<l. 

lIloeitrAtjva Pr^bHein. To ilKiinttah- thn tim? uf lha ^'laHoiup ^El^vl‘^^ in (his ft-rlion^ Lt it 

atisutEHi^d likAt a V£fJ!i Hwcr proiHt' sboTAie a gradi* of 1 Ui Fme fr^o^ihlr for a iK’Wt'r 

to curry 2.0 cii ft per !*er. A vilrifiH pi^w? wwirr is t^onteniplttli^ with the frirtian faekir 
n * 0.0L5. In Fig. a ^tmightotigE^ juinilig 2 tu fI (xt msc on the li!>ft-luiod ^[a with 
a slope of 0.01 or t :100 on ibe s|op«-ndio ismle inter6€N:'lj;! the maih of dinmeu-h^ at 
abiitil 10.4 in. Sinr^p the iChin. pitir in too Aiiialh die twxt rocoroon^hil ai 1 a^ whirh ia 12 



Fio. t&. UyiJrauiile «||inuTatn ctf paa-f^ha|j^l jiecikH]., d « H.D; t m D,QOiMk&: n ^ u.ui^ 


iii.^ will lit iim^r Fnjin tln^ eJiart^ it bs KCT-ti tlial n I2*kn. iwweir ciii u shipe of 0,01 htti^ a 
dLwtokrgp «i|]odly at 3.0 eti ft fier jkt when mnnitig full, with a vtrlodty of S.liS ft fa-r 
«e. J^ut 2.0 m ft per ^efl is only 0.07 of the JHJwers esipfitity^ and Ui llorl lia? depth of 
flow ia the J2-in. |Hpe fur this frMeti™il dkehuTgep luiter Fig. 14 at the bollom with 
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0.li7 cif Ibi^ full duKhurf^ Bind yi-rii-cally (w <ht^ liUrhwifi' rtjrvo rehJ th<!p borbujiilziltv 
to th 4 > tpft^uiiid wbf^n^ wo mid a dr^plJi of of ibr filintic^lrr riF 12 tn-i or 7.2 in. 



fVnMf £ iteflicnb m ^trms sf ^ fulf Md'wn 

Fifl. 10. Hydtiiulic <*teEnptttJH3F a sM[|UJirt d • 10.0: ^ * D.OUfH: n — O.Oja, 


Follcwing the Banai- boriRontttl la tho ^^dadty ourvi^ ntitl tlii-'nw flow nwnrd* thr? volodty 
w found to 1:^' 1.07 ilmv^ thu ful] i^diicity. which 'wns 3.^15 ft per sec. The nrlunl avemi^c 


veliwiiv in thi< partli" fiJk-d l2-iii. sewer hi, 
therLfure, LOT X s'os - 3.00 ft pur *>d. 
It is upparent from Fig. 14 that the veloc¬ 
ity for filled and for li^f-fiJM circular jsec- 
tioQs iB ihe SfiLJue, but for shallow depths 
of flaw the velocity mny be mfllerbUy de- 
crmifccj^ 

Kotlcr'ft fojniQuIii is only Rjaproxtiiiately 
corrwt for snutll rircuhir w it h a mn- 

.4tiint Value of ni ^ KigH. M to lb ahuuld 
be UMsl with a knowkfige of th^ir ehorr- 
winingK. Appreeinble erroftc may be intro- 
ducnl by imAllnH sowor capacities by 
Kutler'ii fcirtooliL fRiiii istibleil moEuiun!- 
iiicnts al fmotional depths of fhjw‘. If the 
|upr iL'a?d in thoahqve ctTinpuliitton Ims ft 
Vftloi+ PI of 0.013, 11 rurrrcthjii fnrtor tiiusS 
lie iiitroduii'd In using thi.^* eum-s, nnr^ 
they are eoript nirtf'ii for n » 0,01 ft. Fi|ti:ire 
17 praviih.w this fftrturH which is fcnioil to 
tu* L2for ff =■ r^2 = 0.25. The dwcliargc 
nnpl velocity previously obhiint^fi cirt^ mul¬ 
ti plii^d hy 1.2, giving 3-0 and 4.33 for the 
dtschargv and vrtodty of the pipe flowiiii; 
full with thesmiillfr friction factor. 

Other ekmenls oHcrtiiig t he Kha|K' niwJ 
tufttefiftlfl of the iwction to he used am 



Fia. 17. CoOV-c'ifiMHMi fftctorti for Kuttcr'v for¬ 
mula- Trtai- 

^if-. p. ftu, IFiJrif ft *'^j. 


hHwImom qp cover nVililAbh.% of soil 

thriiugli which tbi" sewer i» to hn^ luiilt, ftiid rcklive dtje to lln^ us-t^ of the liiffcmtit 
shapes nnd materials. The cireiilar hection ruiuircp^ ih*- hpaat ptirimeter far a givi*a aii*ft: 
bihI rtacc lift hydmulir ehanu-tcrirtii-s satwfatuory for wry hiw dcpihs of fh*w^ 
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SElWEIiAUE ASM SEWAtJE DI^KJBAL 


\lwjt p«puJAr Ruction wbon.' Lt umid. limKii uf ihc c^brtjJjii- u> nrft 

difficult, und it is quite economical lu to luatenjilt* rcquinHi. ttliw, howover, there tw 
not ft^ufftcieut bejulroom for u tireular Section, m hunuKitui ili^tribulion of area 

ran W through H^mlcdmilar ur n-ctjui^ciilar wetioT^. It hIiiiuKeI be niitrii tLal the 

rarr^'ini? capAcily of & rvclonftular ieetion ^uiJd-Litily dij>en'-AHH:l wlion thr M-waRF* 
touche* thtj top of the N'Ction^ i^ovideiit from Fir. lit. "DiIim h rau^-d \ty lhi‘ .^miiden 
incrvaie In wuitt'd [K'riirHiti'r fc-ilhtmE a roriawpcnnliriic increase In iire*. ffi'ctaiiRiilar 
lioiw, thi:iffori', fIiouIc! be draijrtH^i m thml iht^ R^rtian will nev'er flow qijitr fnlL Thi^ 
wctiun I* not m ecunomieak of nmtrHal tut iht.^ iziiTuliir H^rtiou, but 3 In stn-fis uimiii'U h 
n-lullvely simple, fit L>lJi|i| icjiJ or otbw Mwtiann with lui itn^htai emti n njid flatieneiJ in¬ 
vert, tht‘ Ftriw uxkiilyiAi ixua>fru»n m^n'- rompllrAtflJ, ibouRh, when’ n partimbr fortti nf 
i nrtH' In iLmd fn-qwiitly, jihort cutn^ tablfR, nnd chart f irtny matcTmLIy li^ftw^n tb- lubkr 
of iJenii^ii. In the leetanRular And ulluM' tlie invHrl w dkhld or 

lo the center to aivL-u in rh.'nning euid in provldinif for low depths of fluw. 

Spetial Sewer Structures. iuMi aiv cj^^ninga provided in fltrret pit tens or tlixuuRh 
ibt,^ enrbiiiR for ndniittinR ^rtorm-water runoff lo the utorm-waier dndn». llnw ure 
nflUally lonited at 5tn*et jniGmm'tion.^ in «irh n way a* to reiunve ntonu ws^lvr btifun^ 
it n^rb’fl lImt pedpntrinu erueainRP. The pittcf openini; in cdv-i'ithI with a casi4ron gmi- 
injt which pwnts’r tn enter hut which doe* not itiierfero with tmflie. Thp-sj* Rnit- 
injsn Alt* i^lly ehiRRfd wnth |i«p'r or teftvtfl washed dnw-n in the e&rly pnrt of the storn^ 
and opt^niikig? tbrouKh iIr’ curb me u*UAl3y provideif and mny prineiimJly dLqiended on 
for takiEiR ran? of ihv Wider. Thes^ openinup varj- from ff lo S ui. in bci^ht, dep-nding 
Oil the height of^ thi‘ etirfa, and nmy be from 2.6 to ti ft itt leniflh. Df-ltn^SHinjE t\w RUltiT 
n<^el■rat ifA!ht>a Im-Iow tho repiLAr Htnarl KHidf* inerea^^:^ it* eapneity to nax-lve storm 
water. This ii partEcukrly HL-ceisiary on i^twp gmdtenta, and thw inlet eapdieity iTkriea*i»« 
rapidiy with I he dejith tif I lie Ruiter di^pmspion. E^t. I^iiw i^xpenmcnla allow ihut, on a 
I p-rit-nt Rimle, a 4jepre:Ksio>Ei of 6 in, pTfiula twitw the eapacity of a 4-iu. di'pn^on anil 
riia tlim-r tliiit of u 2-in. tli.-preHFioiL 

Cu^ch &u^ipt4 UTL^ tutnpartnii’tit* intended to tmteh the ipit julmitti^ thruujiEh idmu iii- 
U-la nnJ to prvwnt this trom [ini^iEiK into thi* storm-wnLiir drain-n. Catch wen- 

at one tine' in gimemi use; bul, with Llie ^twfper Rmdkcnla naw^ omployt'd for priKluetng 
Rrlf-trls-Arusing vclorllH?# in ntomi-water draita, they are arldom employed. To be of 
value, they require friMiuenl cIcaniiiK, und the lucrea^ in pijvut iliishing bj^ a nv-ntiA of 
cleaning ftlnn-t aurfacof luw n-*u1t^ti in fllling cnteli bfwirif quickly fmd nnJLifjR t|M>m iind- 
fccliv? until the nest period of eleaning. Illgh-preasure street flushing with IUi izreater 
iwonnmy of waier It^^'i’^a more of I In- atrret dirt hi iV gutter w hcT^; it ran be n'moved 
more reonuinir.n] Ly tIuUi fnim ml eh thaflln*. 

Manh(itfa <Fl|f. I®) are opetiinB^ throijgh the ptretd iurfaec to ihii reiver to pruvieje 
eauer inapccLion and deAning. They are placed at into rsats of 300 to atkO fl and nhoiild 
he tiRsl at fivitry cIiaeirl^ in line or Krade ao Ehat the Ai wer will bo HLrAlght beiwiaii umn- 
lielm to facililnte eti-aniiig. They are ui-LioJly circular in pEan, having a ceyd-lroi) 0 |x ti- 
iiilt in the strei t suifnce from 20 to 24 in. in dinmcEer, covered wiEh u rorruKAtid and 
heavily reinforccfl cnst-irsm cover. The manliule enlarge# rapidly In nliouE t 
ft in diaoM-ier and eontinui^s at thi* ilEameter down in ibt’ M'W^isr els^vnlioti. Thh pmvidep 
ample ppon^ for eleaniag nr iin-siop^ang tin- s^tjwijr with the regnieniid FewiT wmU emu- 
rruoidy umi. The iwwvr ia rfirri3’d Ehrnugh the* man hub fliKpr in channelEi in the llcwir witii 
A depth of Frtim eiii’-lknlf tla- newer dUinieier lo the full diameOrr, The remaimng llmir 
ari'a providL-# a plalfomi for w^otlcuieu. Cast-iron nEopa or runga are plmr+d in the wall 
of iLl- niBiiholtj to permit ingies* and egruas, and the mruLh^de itaelf ahuulcf he of sulTuni'tit 
diaineter to provide cbmance for a workakan puaslng up or down the xtepa. At one 
linuL% manhob mvani were perforated for vebtilntion purpimeJi; but thi# htui been found 
unoeeniffliiiiy and Unde!timbk>, aa Itvrpi quantities of titortn Water atkI oonpidetable dirt 
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nitty ^ntBT through the perfiinttkitm. Tho (ihcmld be efimitmoiec! with §uffirii>iit 

Krfeng;th to carry thp lunvy wheel kiiuifl of medrm city tnUTie. ^luthoiii of fftFtejiiog 
the euvcra or other meaim for prevenlitii^ it'crtnml of iMveri by $imill bojn am someliincd 
pjiavidnL On tttee|j ^TAdiohitit dnjp nuuihoh*4s fFig, IS) in which the drop la vortinfil arc 



Fii^i- 1^- fMttiln of t^’pieAl dnip irtnnliole. 


|pn^fi>TTi:blc to cxccawivcly mtevp jpuJicoU bcoauNe ot their belter control of tf^e rcH^IUnt 
rurliulencc. 

Lift Mtaiton* lire punipioK atuliorifi provided for liflirii from a lower to a hijy^iT 

Irve)^ aj! ill caft** where a ^tkita of ibi^ city wi m low thal Ua ElmiTW|;:r ninnot ciilcr esint- 
iiig ffew'er maitiA by jjravity. L-iJuallr the HR jfUition in equippwl wHt.li auioaiohc 
Ct% 52) which may be pithtT piicunitttir or rcntrifugiiL irrti«Jly+ thiw e|eetorH arc 
provided in dupItralCp each tiaving ample cmpnHly to handle Ihr entiir Pewa 4 (e flow. The 
piieiimtttic cjetrlor haa few moving jiartF nnd laflirigubrly free frorn rlufqficg, Ci^ntrifuipil 
pumpa of the ''noucloisidng*'^ or ''trafh” type Imvo been dcvidopi^^l with Impcllciv aiif- 
heienUy open to j^crtiait ihtr poftwige of large cibjeett srtleh na ntv luainrtimfv found in 
f*ewiiBP, lift (datioiu are frequently located in Utw* immholeji iinil mny be enlirely 
Ill'll III the Mvtid *tirfttri% 
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ttKWEKAf’ili; AND SEWAGE 


fnrfrtrri Miphftfi* nft* ^in-iinntt of ji^'wiTw which pn'*@ure, they Dire tint 

true l3ir term rmt Tc*lly applin'^ble. Tliiw hr' Di^iiikily etMi#tniriNl for ihe 

l>Lin»^' ot cumhuif Ihr*' uEiik-r obritarlefl jmcJ var>' in mrv from ^nmll i*pwem in 

Iflrj^e edtidiJibi mi]i«i La leii^li. A i^ipboii tiiniuliy ironplntA of imt lar riiiirn pifM-r^ 

in pfamJlel wilh Lite necensttry vnivca for c-loedn^ ibp incUvidunl pijx*s for I lie piirpow of 
cleaning. Trnvi-qon should ftc mnde for linUrdrig ihe for rlimuitig or rejjwiix 

FigtiR! 19 showvia typinil Hiphon in which I he flow in the ifitTeretit pipf^ w rtguleited by 
dVeHlow w E'ip^in thf Jiilet ckiLEiiber, amiiigcU to pjijt in w?r\^Lcn uddilidnd rnpes wlii-iioiii^ 
hoK mnehed \u t?Hp:irity. DRUim^e iithJ rleMniTiiR air ix^rforinixl hy rrmovijig tin- blank 
dangp in the lower nnoihoh^ iximjiHrimE'iiL nftejr Hrst opening; n dm in in t hin fLieige (jiol 
.ibown). .\ minimuiLi velmltv of 3 ft ^kt mh- ^nmld \Kt provided in siphoru^ to [lUEiiinlKs^ 
tiir' pwriibility of r.lo^iiging. ^ufReient hi-ad s^hcjulil tie allowed in iht^i^ti to p*L|ppk t hi^ 
liend ti.Hwe* tlint n-^olt fj-otn idinngi^ In din^'lioii and vrloiniy of How . Siplioins Imve 
T^ometinif'^i hvn ifL-4t‘rt4'cl in l•.vucthJg fifl whi^rtf wjhu' later roiutruiitioji 

I he M-w i“r gmdieiiE. in thi^ eonHfrneiian of thr^ New York rsubw^ny, for i"\jLinpleT it w'aw 
iim's^ary' to earn' exL^iLrig wswem ninler the wjtmay BlRtntnrr, dt'jje jkding on the l>neking 
up of the sewage to provide the mlditinini] heiid \on^ thurt irdjotJuced. InvurMHl Mphniu' 
hflw workinl very satisfaetorily, amt «toppitfficii hnve been ihe exception rather thnii tile 
niti'. 

Raw li I- reports that a ^4^ht. iJuLmeter reinforeinJ roticfete iuvorled idphon under tin^ 
Lew Angclw River eluomel wau rlviiniMj by padsjing a nililier bull lliRMJgh it -miilrr prtw- 
Fure from the w?W3Lp.\ Tiie hik\l w eu* irovrrrd with eanvim m winch a liiui wm nttiiehnl 
for rei^JV^Ting the iadi fmeu the n wmt in rasts immcaabb obL^tacIt^ HUeh an mol theimh^ 
Wi-re encounten.'d. It required 3d hr to work way through and earriE'ij ftheinl uf il 
idiout n truckload of snndp gniv^ l, hrii-kM, and boulders hi additbii to half^loxen Hash 
boards, ^$uch a ball Miuet'^cs past ubFtR4L-t4nru' which it vjsumnt iiieloJgi% 

RegtiiAiin^ drfiVea an; ^wml■tiRlL'^ ri'«|niri^l for by-pasuHne a pRalelvrxiiioed quaiititv 
of sewagf thrm«h another rhaimel to lux emiirgincy oulliL Where flispoml plant* 
are requited on pyetenw of eonibinerJ scwei^ it w usually annmssary and ex|)enrti%'e 
to trent the eiitiR* How. llrKuInting deinec# are thnrrforo UAsi to ;x™it any detiireti 
quacitity, !iay, up to two or thn'o tims.H the maximiam di^-wcatlnrr fSow, to pawi on down 
the sower to ihe lEt-alnieiit plant wlule the additiniinl flnw i^ Iwung tnAru^erred to another 
channel. There are many deviiwf nsai for this purjioRe. One type eonidsli^ of H<fcfti- 
gale valvf^s armiigi^l to opni or elow- at pRHjrtcmdiiHi stnKfj- ef How in ihe 
main Ch^rHow weirs i^nstrurtefl in iht- side walls of the wwer may aUn serve 

to by-pews ihe excew Hlonii tluw. r>r. liubert Enjtuls rjf UR^sdvn givi's ihi rnllowing 
farmula fur the dhichnrge in eubie hH.f [kt si.f;ond over side weirs UfWHj for this parjiM^ : 

(} = 3.32f (Pj 

w hi-re t is thf Irngih of wuir CRwt in feet und A I hr deptii of How tiVer w ei r al liown- 
siJt-am emi- Tn aMng thL* formuliiH assuioe a mitMinably smalJ vaJtie of k deprmlEng 
on the pi^rjiiiwible flurttiatiouB in maximum water surface dow^nelreoin, nml solve for f. 
If too long a wrir in obtained fnr an iHiwitmiiccd flesign, liiw? a targer vuJim of A, 

?^ide weirs nne elmple lo conslnit-l Isjt are not capable of mnirolling the jtewage llew^ 
within narrow limibi. tfif this piinxise, ttptflvxtyt nm much ruuR' eiftMiivti-^ 

They have mrtdderflbly gnuter earrytng rapoeit^E- for a given uma ht^eause of ihe greater 
eO'i'ctJVe hetid. i lemb may iw ujctl n|i to 33.Vt ft at level and standard alEiifjsphfrie 
{^0llllitiollSH but the MjjMijjTBfdjy will seldem fa^rmit the Use of a hear! of men- llum a few 
feftt. t?iince the head ovi r n side weir is usually limited to u fraelkm of the t diatnelor, 
it h obviraiF ihat gR-aler hnwls ean U- usixJ with siphons to product^ ccH-rt^sjndingiv 
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SEWiiLKACliC ANP .SEWACJE DlBPt^BAL 


j^rmtor ilifk'hiiTKeti. Tlii* siphon hsji thp fiLrlh^-r iiiivaJiliiK« uf ppmiittliiiG pIom' ^Diftf44 
of ihc hi^h- emd low-n-ntcr ptfivution* in the mndp pof^ibW by itJ^ gj^yilw enpapity 
nad by lhr> ability to sUirt nr Ptop thn j^iphort diM^hjiiKr' at aitiy d^pl-h in the main 

»wifer. 

The fomiuln Q =* caa be used for delemdaiJiiE the approorinuite erorn scetJon 

of the tlkruat «f t\m Biphon. c hi tbf cwllidfnt of ilL^Wrutf and varw« from 0.(f to O.B, 
n h the crTHerffEHTtioniil arm of the »phon throat. Ttiu head h uw^i up in the lo^mn ahnwn 
lEi Fi|f. 20, By pmper shaping ol the piphoii inlet, tiae entrance low can lie elimlnatfsi. 
Tlie other hieHw nre n^idily enmputcd or estimated. The inphon Jkhmjlil in- efiriatnirliMl 



Fin. 30. PtoKrommati^ oltfrtiib of Biphna apiMwA^^ «lwwin« htm^ litm. Sijrhifn 

*SpUi\rayt, 7/nn#. Am. CVril Engr*., nt, Sfl. p. U0(>, 1023.) 

B4J Pijit tlir tower Icj 5 will lje wealed either by the diwharKe imnpini; aerom it or by l™ijE 
AubTniHrK«l. The air vent Bhotild haire a eittmi neelion of alkout for pmper opomtiDii, 

A leeiV is n &.iw-refpiIaliriR liciyire wdiirh mnmig of a weir over whith lb* 

ortliikary flow falls into thn main oewer while for liijjber heads and veloelbefl of appr>)oeh, 
l»arl of thr wdr nverflow leaps the openinje ihrot4«h whieh Pw nnrmiii i\uw falU nini 
pnj>(w on down the newer to th^ itorm onlkdr 

Srwr OuUrtt. Si-iviip* dwhartpcij uiitmbtfsl nwif thi* shopiii tif a Inkn or btLtik nf a "tTHiiii 
majr «-aij«‘ ditviilumliah and n wry unsiKkliy np|waran<w nc^ar tbp seHcr outh i. Kul;,. 
tni'ripwJ oullPt* lix^Atcd al Mnii! <ibdanii< ffnin H|ion>an* im^forabk- am nn bid tu the hptter 
diiMtainatiori of thf «*'»!«- thrlHi^houl thr diliitillK Walcr. A kjiDwltNl|{c ot tfic> rUm'ntw 
aiHl I» (SHW-Iitittl to K'curinK tkp lieet Tocalinn of *».taiT nullpla in tidnt Wblnni, T}i.‘ 
orillpt plnmkl \)f wlwn? currmU «»ill pivveril ilip roniiatiari of »lu<iKi> banks 

•dibiviil lb iJjp oullpl and nl tin- mmu timr aflinn- it a-ill be amply iimtcvtcd njtpiiMt 
pcomr, Tir|i> natfs <tf lh« lUp imlvi? typi' ans sortintiinrn iiMd ti> pi‘rniit the diwharin^ <jf 
M>«mRc at tide siflgfn iKfkiw a jpven elsvaiwn. while they pievmit the ebtranw of water 
into llip sewer at blglier elaKm of the tide. 

Sewer Section*. Pi|je wwer* have irtrti ranjitruetod of viiribed elay, raorrete, east 
iron, or ocvamoAnlly of wood-stave pipe, Tim most eommonly iisrci material for amnll 
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ftt-wum m viltiflHiMrUy E^n^i^l- Thu ^ a, hnrd^bltn^nJ e^l^Kbjcd cUy product JUld 

lilut Uip miuired rWraptcriiitiri^ of iFtrcOKtli, tunrdoiws, ioifKirviouj^i^ and low friction 
factor. It ia iinually laid up with ct-ioi^id-iuortiir jointth«mgli vunnii# fonrie of bilumi- 
noua joinbi may hi* whcPH KTOumi-wpitt^r raiidiliim? w^rranl ^'pprml aifcntioti to 
tht" «wrinic of waterUj^htnt^a. VilrifvtwJ «*wcr pipi^ \* highly m>btAnt to cmmoii and 
to thp cJTfl't of mud ami alkalini' wwn^i* or ground waUm Hk- construction eoit w 
comparatively low. Tabic give# the approx!male ifimcitrionp and weight# of pitjc of 
the two srudea lumiilly employc<l. The FinRlt^stn^ngih pipe ndeqiuile for □rdLtiaty^ 
purpOfH^ but double Ftrength m ufciI where the toad to he rairu^ ia FufficieDt to require 
ita greater strength. 


Taeut to, Afraoxiuatt: Dlsttr^Btoss a so WEtotfT& or a Ptre^ EafirfeHN Ciat 

PHootreta AflflOCTATiOK, 


Single-dtrmgih pipe 


I>4»ub1c^^irrngtb p^ confomiiiig, 
so geiicmh til AHT.VI ntajiiknls 


l>iam' 

oler, 

in. 

^ Thick- 
1 ni^ of 
shell, 

1 sn. 

Depth 

socket, 

in. 

.Annular 

space, 

Ul. 

Weighl 

pif 

foot, 

lb 

Tliiek- 

tt!cm of 
fcihelh 
in- 

Depth 

nf 

speket, 

in. 

Aurmlar 

space, 

in. 

Weight 

1 l^*" 

footp 

lb 

1 


14 

.4 

m 

* 1 * 

1^ 

.1* 

7Si 

5 


2 

'^ia 


4 

2 

*4a 

11 

Si 

N 

2h 

'4- 

m 

4 

2H 

'4a 

13 

8 

Ik 

2H 

4 

-m 

H 

214 

4 

20 

m 

H 

24 

H 

1 ao 

H 

m 

4 

30 

12 

1 

24 


42H 


2U 

4 

nn 

iji 

m 

24 

H 

SiO 

14 

2^1 

4 

70 

18 

iw 

3 

■>4 

so 

14 

3 

'4a 

100 

20 

i*t 

3 

’’sa 

m 

14 

d 

'4 a 

123 

21 

1-4 

3 

“lit 

112 

IH 

3 

'4a 

m 

22 

14 

3 

;?*a , 

122 


3 

'4a 

153 

21 

i?4 

3 

‘41 

IfO 

2 

2 

'"at 

I7ii 

27 


34 

‘.4(i 

m 

2}i 

dii 


21a 

m 

24 

34 


230 

24 



27,1 


24 


'^I(. 

300 

24 

4 

'4ft 

IMO 

as.i 

24 

4 

ihis 

350 1 

24 

4 

1 4* 

3SI0 


Preeiiat eonerele pipe b made In iliameter# up to 2d in. and inu#i have the tstum' pliysi- 
eal pfnpertieH as vitrilW'Hi’la.y pipe. Ftif larger tliji meter#, reinforced eonctete pipe nmy 
Ik iiFt^il. or the #ewef may be canplmeteii itf rtiinforL'Hi eOfic^etc^ brickp or Begntphtal 
block. Cjut iron b ua^J for Elnwing under pit'fitfurep ua iis the caiM of riiuiII in- 

vertiHl Riphonui or pn■'^w^^^ maina ihruugti which #ewage i# putnpcil. In u few cjiA'is^ 
w'OTKl-^taifcio pipe haia tiocti U-t«i for Fuiuncrgtd wWTr outlet#^ 

Loads OD Sewers. Tim Joad# to iir ejirfie<l by sewerr turve licim studitNl in n very 
tburough manner by .Maralon ami Ands^rMsn, who rci'ormuend for the pressufc opi w^wera 
the fotlowlng formula: W = in which i« the load on the Hcwer jmt lisicar foot 

of trerieh+ rc she u eight pr^r eubic fml of ihe fciuckfill, r tlie cwflieknt taken from Table 
I7p acfcd H the wklth of Lnmrli at the top of Shr pi|w. ValuA=w of W can tw obtained from 
Table Ih, w b taken from Table Ifl whieb ahro givc-i^ frictinn fnetor# fur the fill againat 
tlm *UU*if of the trench, tt J# eviitetsl fn>m the fortnuU timt the w idth of trviieh b aip 
imrKkrtoTPt faetor in diftenniiiiisg the loud to Ire imrriH by ibe pijit^ The Uvneh nhuuld be 
iia rmirow aa pcsenble, tbereftm* —at kNtet for si depth .-mniewhal greater thaJi the pipe 
iliameter -arul tlie botlom should be shE^ped to fit the pipi^ if it# greatest bciuing power 
i» to bi^ devclopnj. Table 18 give# tln^ maximum loadu Ut lie expeetiHJ under the u^nial 
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Taai,k 1(1, AHi>Huxut.^Tli; Safe IVaiiEiMq Vai.i’iw of utK ComiTakth ■m Hr Lf«jo jv 
CAiriTi^Tisn Tiife UiAim ox I'iiirs tx IJitciie»* 


Ditch lillinjt 

Unll 
TTCiKllI 
of Hmnjc, 
lb fwr 
m ft 

Ibitio of 
kli'nii lo 
vcnical 
earth 
prEisi!?urc^ 

of iHclion 

nf irencb 

CVM?ffiricDt 
of intcnifll 
fricthni 


HO 

0.33 

n.'SO 

0.53 

Ki^lumLrci iopmjl..,.. , 

no 

0.37 

0.40 

0.47 

Ktirlly cmnpikrtiNj ii/iiii|» yclkiiiL clfiy,. 

100 

0.33 

0_40 

0^52 

yclluw clay..,,., .. . 

m 

0.37 

0.30 

0,47 

Dry srtTuL...___ . ...... 

100 

0.33 

Opp^rfl 

0.5a 

of >taui.l. ^^ 

rio 

1 0*33 

O.M 

0.57 


' )f4wiTV», AmMH, Uid A, C, Avsiuoit. /iwv Suit Ctil. gmi. Sift, iSin. Butt. 11. 1911, 


conditt(Hi!i L‘i«wiijlp«>d. [u UFinj; (itw tahte, it if to bf Imrnp in itiitia Hat tlw mil (mI- 
jitccht to fowwn in oniinjirity mturated, w ttip hacklill fimy Im-coiut «ilunitiNj frotn tiip 
mill, M thill tho inwlF for lialurAti^ noil dhoulii lie ummI ordiiiadly, AtthiJUi!li rare 
should be takpn to uprupe nti«tUiiii> rousolteljiticui of iIk* bnrbail aoitind tlip pipp, jicwcre 

'Tabi.e 17. AfrAoxzstvTE Safe ISoHEiSfi \ALircM of c. tiie OiiEPiociET^'r of Ijoad^ ov 

I'rPiL-i IS Hrrcii^* 



.\(>|kra7timArc valuer of c 





ii/a 

tot riamp toI3» 
«oil anil dry 
jijkI wet mm\ 

For Etnlitrnted 
iMptOll 

For 

ycliow i'lay 

For Sfllurnt+^i 
yellow rhiy 

0,5 

0.40 

0*47 

0 -lT 

0.48 

1.0 

0.35 

0*30 

0.88 

0.00 

I..5 

IJ3 

' L2l 

1.25 

1*27 

2.0 

L47 

1.51 

1,50 

1-152 

2.5 
3*0 

3.5 

L70 

LHO 
! 2*03 

1.77 

1.00 

2.13 

l,S3 

2.08 

2-28 

i-iia 

2,19 

2.43 

4,0 

2.22 

2.35 

2.47 

2.fl5 

4 h5 

2.34 

2*4!l 


2.8.5 

5.0 

2,45 

2 jij 

2*78 

3J^2 

5.5 

2 .a^ 

2.72 

2*00 

3, is 

0.0 

2.01 

2.31 

3fD1 

3.32 

0.5 

2 .iiK 

2.30 

3.11 

3*44 

7.l> 

2.7Z 

2.05 

3J!I 

3.35 

7.5 

2.78 

3*01 

3-27 

3*0,1 


2 .B2 

3.0t> 

3.33 

3-74 


2*8.5 1 

3J0 

3.3:> 

3r82 

iJ,0 

2.3B 

3*14 

3*44 

3.8[p 

£1.5 

2 *IN> 

3-13 

3*48 

3,t^i 

10.0 

2At2 

3.20 

3,,52 

-1*01 

1 LO 

2.05 

3.25 


4, N 

32.0 

2,07 

3.2S 

3.li3 

4,10 

13*0 

2 .0*1 

3.31 

9.li7 

4.25 

14*0 

3.W 

3.33 

:i.70 

4.30 

15*0 

3-01 

3*34 

S.72 

4.34 

liiKnily 

3.03 

3*38 

S.Tl) 

4!50 


tMiiwiK. Aiwa, md A. C- AAoritxm, /i«m *ui, Km. flrfl, Jl. (913. 
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liitVf’ miru'ititni*^ froEii loikd^ hy ejti-twjHVf izkRipiTiiic- amoiiEit ^ fur^ 

frtPf* \rmf\* rMirhiiijE ill*' Hcwi'^rH (Hi the ratio nf deiitii to width nf tmieli andi n 

}4|iKht extent, on the tioturr of thi^ rntW iiH IM itktlieati^cl in Tiihle 31^ 


T-iiiiU: XirrufjxmsTiL <JftDi.SAHT Maxijuuu Ijhad^ as DbaJS Tiu: \m* !? 8 wKa I'lrii 

DiTCiiliis FiKtu €tiJuuox Il[Trii-nL.UNti M i \ |NpV3;»ft per Frjfvr * 


H « hn^Hflth oI ditrh, ctt top of pipe 


li - IlLlglLl 1 
ol fill rihfVv 
lop of plpt<, 

f1 

1 ft 

2f1 

Sft 

4 ft a ft 

1 fl 

2 ft 

3fl 1 

4 ft 

-5fl 

Farth' i 

lU) Ih (H'r 

lamp icip^iJ, 

'll ft 

^aiuniU’d lu|MRii1t 

1 iti Ih pi^r m ft 

t 

4 

0 

K 

in 

•2 

4 

n 

H 

m 

14 

m 

15 

20 

22 

24 

2t; 

£S 

30 

Infinity 

2 

4 

0 

s 

10 

12 

14 

]0 

20 

22 

21 

2Ei 

25 

3(1 

Iiitihilv 

130 

200 

230 

2r)0 

21^0 

310 

iHO 

OtiO 

88ti 

4'JO 

8!$(l 

I4W 

l,4au 

070 

1.230 

IJOO 

2.120 

2,150 

S30 

1,580 

2.230 

2?,I0 

3.200 

170 

2li0 

3J0 

310 

350 

380 
670 
870 
1.630 
1,150 1 

r>00 

1.060 

t,5on 

1,830 

2,100 

820 
1,5UI 
2.1 10 
2,(kWJ 
3.120 

1,020 

t,650 

2J8U 

3,510 

1,150 

Dry «tnd. 100 Ih tM-r fu fl 

jljktiinite^l 5M4nd, 120 ]b pu ft 

150 

22U 

>ti0 

200 

300 

300 

aoo 

3tXk 

300 

300 

300 

300 

300 

300 

h30O 

310 

:p^^o 

700 

m 

^?so 

1.040 

lpl30 

um 

1,170 

1,180 

\,im 

1,200 

1,2(10 

1,25)0 

550 

070 

1.320 

LS20 

2.000 

2.140 

2.200 

2.350 

2,420 

2,480 

2.540 

2,570 

2,iU30 

2,1130 

2,730 

740 

l,3iK) 

l,S«»0 

2.350 

2.720 

3.D50 

3,320 

3,550 

3.740 

3.5*20 

4,0li0 

4,180 

4,200 

4,370 

4.150 

4,850 

030 

I. 75t3 
2.180 
3,100 
3,1150 
4.150 
4.58i;i 
4,050 
5,280 
3,550 
5,800 
0.030 
0,210 
0,300 

II, 530 
7,580 

180 

270 

310 

310 

350 

360 

mi 

3fl0 

300 

3ft0 

360 

3fl0 

3t^ 

m 

3*10 

1 3fW 

110 
710 
010 
1,070 
1.130 
I.2o0 
L310 . 
1,350 
1,380 
1.400 
1.420 
1,4:5)0 
1,440 
1,44(1 
1,440 
1.150 

650 

1.170 

1,500 

1,610 

2,180 

2,400 

2.570 

2710 

2,820 

2.610 

2.6H0 

3.050 

3.060 

3,126 

3,150 

3.270 

mm 

1.(^0 

2.270 

2,820 

3,260 

3.tV50 

3,600 

4,2tiO 

4,160 

4JOO 

4.SS0 

5.010 

5,150 

5.210 

5,340 

5,fi2t> 

1,116 

2,100 

2.070 

3.720 

4,3is0 

4,680 

5,400 

5,640 

6.330 

0,660 

6,060 

7,230 

7rMS0 

7.676 

7,836 

!I,01H1 

l*£irt3y ptJMipncti^d Junsp vidJnVk- 
i'\ny\ (00 Ih fK*T m ft 

dskinruiiHl ytdluw eluy, 

1 Cfl) Ih pii ft 

liiO 

250 

300 

330 

350 

3)00 

hTTO 

[f70 

m 

m 

330 

380 

380 

380 

380 

350 

1^20 

!iH0 

l.HO 

h2lW 

1,2S0 

1,3^10 

1,380 

1,410 

1.430 
1,150 
1,470 

1.430 
1,400 
h520 

,5,10 

1,010 

1.4IK1 

1.720 

2,orni 

2,220 

2,110 

2,570 
2.710 
2,8:50 
2,020 
3,000 
3,0tW 
3,1211 
3.170 
3,4 lf> 

750 

1.100 

i^m 

2,500 

2,1^20 

3,320 

:ii.5() 

3,1'50 

4,210 

4,450 

4,ti40 

4,520 

4.1^1 

5,100 

5.23tl 

ti,{S(ia 

! 1*30 

1 I.HOO 
2..WS 
-3,250 
3,880 
4,450 
4,0,50 
5,4lMy 

.7,810 

O.ISO 

1 6,-500 
O.SOO 
7,080 
7310 
7.530 
0.480 

210 

310 

430 

41*0 

520 

5^10 

im 

570 

570 

580 

,580 

580 

580 

580 

h580 

^71) 1 

S40 1 
I.HO 1 
1.380 
1,570 
1,730 I 
1,850 

1. ^MD 

2, (!2tl 

2im 

2,140 

2,180 

2,210 

2,240 

2.2ttO 

2.340 

730 
1,330 
1,1*00 
2.3IMI 
2.7*i0 
3.100 
3, 4 HI 
3.t6i0 
3,880 
4.070 
1.240 

i.aso 

1,500 

1.610 

4,700 

5.270 

1,000 

1,870 
2.<i30 
3.3IM> 
3.1*80 
1.560 
5.0-'>l> 
5,510 

5.610 
li.2S0 

li.nio 

6.610 
T.iriO 
7.3SO 

1 7,560 
6;3G0 

1,216 

2,370 

3.116 

4,400 

5.276 

6.fl5ll 

I'h.T^SO 

7.140 

8,6^i0 

8.610 

6.1S1 

6,51*0 

I0,61EI 

10.130 

10J80 

144^20 


* MihimjW. A Cl A!*<niMi*i3i. Imnt SW* Ctffi. JFim- KuH. SI, I013i 
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T^sle 10 . I'noftiirrujs ur SirpEwiriAL Umeh) os Wnirji 

Kicai'ke? Pipe in TniisCHRti wmi Diftkekst Ratiok op Dk^it to Wttvnr 

AT fiT I^TE * 


Fbitk) (if dtrpth 
to width 

l^nd Aiid 
dnmp 

BiftlyrAtcyi 

idpetoil 

DflUiji 

yrHow rliiy 

Saiturflte<j 

rky 

0.0 

Lon 

L^OO 

1.00 

LOn 

0.5 

0,H5 

0.80 

0,8S 

a.8!3 

1.0 

Q.Tt 

0.75 

0.77 

Q.m 

1.3 

O.til 

0.^i4 

0.07 

0.72 

2,0 

0.32 

0.55 

0.59 

0,04 

2.5 

».U 

0.4d 

0a37 

0*48 

0.41 

0,52 

0.45 

0,57 

0,,5I 

■l.O 

0.27 

D.S1 

0,3K^ 

0.41 

5.0 

0.19 

0.23 

0.27 

0.35 

ft.O 

0.14 

0J7 

0.20 


S.O 

0,07 

D*0«l 

0J2 

0J7 

10.0 

0.04 

f|.05 

0.07 

0.11 


ANM>JI’, .Mid A- AlfbULBa^^ fiHAg .ilShilr fdlt. £**£, iS^pL, Bail, 3|^ ItlSi, 

After ihe lotult to bo earrittl hy the newer huve betm iletermirKHl, the nest »tep in the 
dmilpi in to pompute Hir ctrcnMrH whirh the™ Imrln will produre m the sewer rinj{, IF 
the latter in coiwtruete*! of hotuDKi^neoue nniteml*, the muiiniim fiher stn-w Ip 


T *7 00 ) 


In which Af i» the bending moijiriit in inch-poundN, jf the dintwic* frnm neninil axis 
to extreme fiber oJ pipe wwli, I the niuiiM ni of tnertin about the neutmT taw, P nne^half 
the total load on pipe, and A the ertHneHoctionnl ami of the pi|)e wall. 

Table aU p™ Miimton’s liata for nnomenta and ahrara for the eritical pointa in the 
cower crow nectiou for cirmlar piin-i. under different type, of loodinn;. From thla it will 
he wn that the munient ul the rinia of the Iwitaanlnl and veriieai diamrterp under 
uniform loading over ISO* im> oppreximately equal to ^t pll'y, where tf U tin- pipe di¬ 
ameter. 1 <■ i* t lt*t the pi iw will be in tennian on the iiuutlr n l the top and bottom 


Taulk 20. Maxiui h IS Flexible HtsfnH Di e to Drprnitcn-T IxiAuisno ‘ 


SjrininrlTiul i('prtjir*l 
liAfMlinci 

MMllJCrfit 
tali dl^taTta. 
til vwmf 

MdnHni 
n.t f ekJ of 
hnrbtmlAl 
<tUan»t#r 

CniuFirMtaivit 

tllHUftt 

Ai prfPBm 

CoriiipiVdMlliit 

tliniiil ■! 

*im| etf 

hud^cHiUl 

diuiiflrr 

6Wmt 

111 

iTHWIfc 

±3|in.r Bl 
Kiii III 
WiVElEittal 
lILBtUPtPT 

t'hnwjpU*? 

WUIlh 

ul pltw 
LmIhIi. 

'^^oiLBPlilil.Eml 

tJtitffvrm - . 

Ciiifii#ib_ - 

UfufuiTU ,.... 

0 

Ml 

(Kl 

xm 

+11OTJW ^ 1 

-U]RaW-|| 

-d.srnff^ 

-0 

dUDO 

a.iitij 

d.ocn 

u.ow 

+OJ“W~ 

tojiati^ 

+-.v«Lr 

otodIJ 

UQUQ^ 

OQOCI» 
13 

onii> 

0.UI.IV 

Qmu 





































DESK.!?* OON8TBUC7nON" 




jMid on thu outjjicio at iht- aidea for t tw Iwlitije coaditkiiifl Ehon Ji, Far vectiomi otiit-r Itian 
<:>irr;ulhrp m are uw^l fninufnlly far loneo wwt'rtf, tlif^ riw^toniarj’ ilirthcHlF of mrch' 
nndHtLah dprfi^pi are 

CttOBtruttiaa. Tike ctwl of eoiwtruedoii w juntlo u|> of (he eoet of nmteruilri aoil lalwaT 
^iluf? profit The profit ark tnalurirde in not ufmiily ver^' but profit oiuni prinuirtly 

ninik* ou the Snuadliiijt of UlMir auii the ni«eehjtnjrjil nituflrttctiRiii nnie iho 

detojlii and inethiMiH rjf construct iuki hrv 'mi|»nrtaiil IttTaiUip of ihdr eJfrct an llii^ rimi 
of the pnijeet. Iw-avation b- a tafi^r ium in the rtml of eonnlnjctlan. F^mErerw 

ill tike dji-vekpincnL of extavatinn iiiiMrhirter>' baj tfpHMJtHl up eefter rokietrUiHiDiii while 
divrejwnic eodttf . Hand niethods niuy i^till he nect™Ji- where I here are miLny under- 
ETikund ptriiLlure# nml pitien, ImL treuehiiiK niiiehiner^^ b jiow in jeeni^ral hih*. Tljj* 
trenrhilkpc et^uipmiMil w of at^veral typrai. Tile ladder-type or e«ni'L‘*tjt oF on end- 

li>t« rhitio id buckeU with euttlng whirh ficoop up the Puiterifil, brirks it to tJie 

Niirfafje, ami deposit it on n btrlt mnvoyor whii h earrie# it to one aide of fhe ditrh or 
riuinpi* it into truekn if the tunteruil b tci In- nway. Thw type nr equipmenl b 

heal adiij>u>d to Miilri whieh nn\mn^ v^ry liltte breeing and whvm dn-re b bttte hardpan 
and Few Ijouhfer*. The dragdine exeavnlor, whieh aorufinla oF a ilmg bucket npenttecF 
Ijy It hoiet itnd cabte, k partieukriy useful in raving nolle. A f^ial type of bueket. 
which IB e-HlIed a "imirli hoo'' and which w advantageou-iiy on trenehi fi fur hirp* 
laeirerr, E^OEkFUite of a ehovel at the end nf an arm, which, ae it «MHiip:c the niatorial Froni 
the tmichn hike a motion eimikr to that of a hne. Under iome conilitione, m on crow ded 
city fitroetB^ con^tiyOf^type exettvitore are used, which carry' the excavated rnnTerift] 
IIV memie of an avvrhrcicl eonvoyor tn a ptjinl whi^re it in u«Hi inunethittely' in baekfilling 
the Ireneli^ 

Speeial inelhock of excava tian nmy l» requtrcsJ to iiici^E unueiml coodilione that niay 
l>e cneoun lured. Ruck ercavation ih iwualJy aeeoinptLfhed with the aid of expla^iveHn 
and thbk re^uin^ tivo drilling of bolet* for the t Large, tin placing and firing of tln^ ex- 
plfwive, nnd the clenring away of I hr mnteruil aft^^r tlm bWl. Dynojidier TNT. nrH i 
|K>wder are UMrtl, paeh ticing fldjuitifd to h tmrtieukr type of work. J\vnrimi(e, I wing 
i^uiekrat in kta action, b Isc^t Riited to Imnl materiaLi. 

In extinvatians in quiekktand^ the jirobtenk k ta lieep tin- iiial^-niil fnink Hawing iruo 
the trench Hidefl ami bottom. Thbi inay ia? prevented by fining the water from 
the finieknand through well pouitfl itiiring cwii^itrucUnu; by driving uheet piling along 
l»th f^klCHi of the Irenrhj or iiceMiimally by freesting the layer adjacent to the trench. 

aewera are usually built in open Irenehcaj. but tmiiieliiig ha* Uwn u^l whi*re open- 
trennh work wtMiM result in coiwidcrable loso^ U> property owners from interference with 
li-ELt^r. An inverted sdphon ht Muuelimt^fl useful in e-Jirrying a under ol^tnielioiis 

tir undttrgpiLJtkd utruetunw suck fus subways, water iiudns^ and euKTrtBr It if an undcr- 
|Kk«t or prcftfure line undcj- wane ohstacic^ ru* du’ terfiii indicalef*. 

Mlint^nuncc^ .MaiuleUalli'f' rif iW-were l«if to do JatKCly with l>ki' nTtiavjil of .vtij|k- 
migi-s and the KleemLng out of ik^jiortim. t^-were may lie l]ufhB>i{ wiili a lire Ihiw* From 
Ibe iieart'at fire bydnml. If ihn utappjijji' is tw plubljorii to lefpnTid to Hiaibing, if ireiy 
lie rernovwl by rodding frew the nest tTUkEihok- duwnjsLttani with ihe jainli'd sewer fiKls 
ll«d for BUrh pilrptiM?. Of it may ii? rHa'ct^^’iry to dig down to the paint w hrre I he tmubkr 
esistfl. BalLs and pilLs sligiitly Amaller than like rewer are fomijiimiM furerd Ihmagh, For 
cleaning purposetip by the pre»uro of ibe acw-jige barkcil up behind them. HooIb of 
neighliortiig LrecB may enter the rewer tlirougb wuall crack* in the jaints nr iii lltc pipe 
and may produce root iiia*si*s, Hnnietlmes many fwl in lengl-bp which eventually will 
rnusc a 8<*wer Btoppoge- Wliere Lt u ii?etx-frtary to lay re were on flat gradients, Elu^h 
lanka may b#» installiii at tiieir Upjs^r eiufts- Ttie I'fTcid of fiushiag tiocp not extern! %'ery‘ 
far down the w-wf-fp ami lo«d Hushing wiih a lin- when ueinii^l Ih nn^re immintjiily 
*'ni(ikiywi. 
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fiKW'EHACIK A\'l> Httt'AfiK IHSPosAt. 

l{f¥4»ri|iH iIjiI' fm-Aliun arifl ilrplJi of nil and liimHt? miiFm;lioj|ih iti^urjulii |j|i k^'pE 

mill ^itwiuld be jiuEfidi-TitJv miii;i|p|r and art-nmtf' for localliiK any wwt'r in rw it N'- 
roinijfi to il U|j. Canm^r: t fcnlL^ uf huLM- wttT'n* to tUp Pity M^wt'ni ^ihoidd \m 

piiJTnitlpd nid^v urwJiT §iifiprviMiDU attJ by njjnpt*Eprit a till fSfpprimriHJ biljor^ wnyp juin^ 
Uonfl nisiEle may i'BtL-e tmutafp fmin or Ipakaf^^. 

SEWAGE 

Chamcttnstics of SewAge. St-wagi^, Iht liqiiiil wmp of 
nl.v (jf vaU-T niul mnlHiFii. umuilly Ihm thim 0.1 pori onr of m^ljil mafrrf. \ fair foin^p- 
fioii of iIh- ijruportloii of jtoliiJ (o Hqiii<| iiuiiit r iivay }^‘ uniowi froni thi- furt. Ifmi a r'oluiiitt 
of ttSTntp- (lolunilir wunfft 3lw ft >iif!li, vVapamfiil to tlft rw. H 4 itl pn«foF-f iin1y 0,1 ft 
.IrpiKi of solid dry lojiftt-r. In [ipjwo mni-f., «■«««,■ t, lud.id and I ho tiflli-r 

ittniinK from ih(- ludJi or Kuiidr^-. It unmily I'Hrriii' a n>riairi nniEwtit of IhmtLiii: mti- 
toriols j,urL as mali-lws, iKipt-r, stlr-ks, arid tmv. hju r^dv st slight fKiiii-, 

Irtji *i-hei, Hti.lo it iMNMmos Htpt.fr and a rttniig hydrtatnn sulrirli- tidor is At^sit 

onMhtnl of tln> wild nuitior in sewiijp- in in suspeiiHiDii, »liili‘ tuo-thirds atr' in snlijtion. 
il Li (It«iut liair .ngrttiid and half inotRjuiii-. This may Ite sts ti fmnt Tnblo 21 in witifli 
the orjpimii uiotlnr is bwt shnis-|| bj' till- flgun^ in thp ralunuL "Ijiss on ignjllon," Tfiis 
W^IC iniitlor rorwists of nitm^tuouH matorials, i-sr!a)hyilnd«i, fala, and minonrl 
ml*. It is uiiHtiilJi- and docompcwfl* with ihi; produrtinu of mipji-wyiiit ndapt. mirlit iii 
tins I-Iiaraotoristfc of s-ujigr whirh w larKi-iy resiMinsiliU. for tiLakiiig sottagc trfttlmi..iil 
IIIHS-Ssary. AllOtlit-r imrKtrtmil fartor is tlm high Imrrcrijll rfiiiltrn of fhr HowafCIt Jiml 
the pinwnijft i>f iKiifiiigi-nir orKnnijfnw siu-h as thikti- prisiuiihR iiittwlitml diseaiiftk Jf 
Ihr scwagi* is to fjo dlsi'h!irB«l inlti n stnam « hifh Li nsi^J as a srair™ of wati-raunplv 
thwe palhq«*-llic Jjsirtpria will \k> a public fn-oltb lUrtiJiCT. 


TAJtLt; 21, AvEBAiiii ,\M\Ly.HLa op fisMfLia rrjit MAfUiACtiiiiiinTn CiTUta is 
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1 klTflii, iMi4. PitUit ttmia llim. 

^ BriUiUl-rc- lo iKlikA. 


rahlc 21 Ik. t^rartt-nstn, „f ,^.aaRi.s for a nomla r of ty|«™l Antoricmi dtii^ 
Th. a^F canatUm in oitti ^Uds is caustHl, in pari at Icmif, by variations in ,ln- nt.mui-i 
nml kurds of imlu-slnal waslt^s piracm, For raampli.., fht Clinton st-wngr with iJw. 
lota HoInlH In*, in lemtinii, o^j-gvii comiimni, and fata hi to rorouk an induaVS 
was ^n Dus t^, cwniOR fro™ miJIs, Cunwrd, on Oh. olfirr kind, is a tvpi« 

"fT ,r T " of I^nropcan «.waB0 differ HrtlsS i 

^Inr rJ^i?rt"'* »nsiin,plkn ,/ 

di T"' l-kriifiean has highrr laiiiis.n mtions 

ikui Amrni-ait -cwa«r-, Jn a , .nu,sirisnn nf f-krofK.mi anj Ann-rii.ai. tm thisJs ctf 
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\im\ ptkrtii*ab«-ly af iht' dNign far plaJits, ihi'- diffi-n^nrc in apwawp cliaruc- 

U?rbftir74 eihduVi Ik in mind, 

fhfSrafirrUtMfV of t^Wiigi' inrlydi* tyjiiiiilily^ Nli^pi-iniivl Jind dfjwolvrd Iidkla, 
cwl^Jr^*, uml iiiJjKHfniii^- «»• rnudily ur turbid in nppc^raiir??, dip dp«rM' fd tur- 

bidlly varying ^Lir^^ttiiy n ilh ib^ •puni‘4^ntmti4>ii- 

vVsi nfiivrS nlwpvp, tile (ot4iJ wlitb in are divided into 

nidipinidc^l And diw-ulvf'fl soliii*^. The !^tn<rjernl»ni Mj[|d3 van- fitmi lin' ndatividy eiiftw? 
pnrLjpir^ Hindi Aft gril il^iwia tn tiii‘ vpr>‘ fifthly itividi'd Mnltof ealini "t^jlioid#.” 
a3mi inrltidt' -■'ueii tiuilmalft jui Fitt|Kr» tzi^. Hiiekn, fnjit nkliiH^ nud feres. Conihiivt'd 
rfifiWAip^ eonUiiiiA rnort? i>f wnie id cIu-j^ ninn-riaW w iijL-li eiwiie ft^im fTnuhingH. 

rionw' nf liif liTMjbl 4 «u 3 Tie rrmtprirtbi rearhirni n HrjMirstp imwvt do mi in vlnktien of the 
ordiniiiie' 4 ^ ik'tdKiml t« i-st lLidi^ (hi'in. Khwitiri^ miilemift ^dien dwrhnfgi.'d into »ln^afiw 
rtfp nlijerUonalde from the ^tiindfviini nf ap^n'anitirt^ hiid Iwati.-K lln.y U'^onie stninrb»«i 
ulung libp nhore' where pnlrofnrl ion of the tni^^tJible oi^nnii’ mlidft fiujy veiUM- 
nuitqiriMw- Tiie ilbc^rtirKC! sd Hewrigr into a j<tjT-am rniirsp^ diR^donition und lurihidily 
4 iue to ihe surrpeiidiHl « Jidt* and nmy pnAJuee ^'dwk'" on thi* surfare tbruup-ih Uie prink^niv 
I if oil HTiii Enfjiwr. HIulIbp dvpoeiits on thr fttn-ani rmy ifnidunlly bloclc the 

Slreain flmnnid^ and the rr*mift iin rit for nxygin t0 4iiwbt in iia aiH:oiii|i«iitiui] iimy wri- 
riusly deplete the ox^'gi^i rooteait of tilf ftiitnf in the stri'siiTt, 

fhiMiirrd Solid* and VollintU. TIh^ larger jiarl: of the ^lUh in viu? pn^rietil in 

Milutiorip tint lln^n^ eswta mi uppr^eLable ansiHliil (if mutU'r in n ^-tnte bi-lwwri the MjSitIfl 
in Hu^ 2 >en?iiinn and tleifte iri iwiluiinn. I'hwo nrc rniHy in Hiis|Kiif(ion ]dthnq.p;h they 
nm m llncly ilivided tiialr tln-y will n:-niuiin in ^tUFjiendnn indi^fiidtely. (killoidjs tnjiy 
itf-hrii^i li.-^ ver>' liiirlv dividiHl iinitler in , of mil'll a ^r.vy on to fuiKs thmniih 

filter PQJN r hui Ut lie ndnintAl on n llEierLiig menil>rtLm% All iwirtirlen rcrrudler Ifutn 
mmi mm in diamE-U^rnre ealW eolloids. And tln^ term i» ponn'ilnnw inipinyinl for even 
larittf iXHrtielpfl. The diH*olv4Ml nre TooigliU fiiji-^ihini tiricnjiae and twy-tlunl- 

EiiinefAl or iiiurfninie. 

Chemical ChuactenfitiM. PerJiAFt* tJbe iiin^t im|n>rtjint uf the rhemirAl minpoiienta 
of wwAgi? h ibi oxvgen rnateiit. In the di^eompos^Etfon of the uitrtfthfe mjitter in jiewagts 
otldaltuti playfl &~v^ry impmrtiyit part. There is os^igen in wlution in ihe wnler wliirh 
foriTu* the ruAjoc- part nf the -w^WHgep Atid ihb o.\.VKl^n In uw'it up in tlie proiM-f^ft of bin- 
ebiniiiraii flt^^iio|Ai^ilinn. The nmnunt ut oxyieeii pri^i^^nt hi any niomeiU iti the wwjij-r 
or in the ftltv^am into whieti ihe w 1' dt-dinrsed lieterniirn^ the pn neinr or nhwm.^ 
Ilf thi' obji^elioinihle mnditions whieh mftmHy nreom|Hiny ihe stAiiiha«Urni of Ki^wAiJi- 
AiaiJ N^wiiKT-hiden WAten. llitH di=-^idv(*il laygeri lonteiat givei^ A fAtr mi'Asun^ of ihe 
-Iti-jimVeapnil^ly to iJip^E oriyitiie (ndluliun. Tfie nn ifiisl in.nkillg the Eielermirudion 
Ih rilMxl iti liif Strindrtnl IWllfljC of ihe AfteTi.'An Ihlhlie Ilenith Ui^ 

1 ... whieh Txdennn'ft te niade for ttw^ drUiihi rnnenniing the for phynieid, ehemiE-nL 

biO'l erinlogii'idp and mirrrwfopie rtmniii'(erbblieT« of tpwjig*'. 

Hu>rhi^rtM OjTf/flefj /^neOAf, The ijyiy^n ^^flnl enl of fti'wage nipidK il^hJ tip by I Ihe 
dennoa^l Ariii-ing from the tilochcnnCAl axidatinn whieh nri^ m The 

amount of oxygim nhquired to sUlNliKe the oxEriLtiible mil tier pnin'til rnited Ihe hire 
ehemieal oTn,"|^n dirtiiAtkl ntid in u-HHAlly n-ferreil In lift I lie t^inee tliift gives a Jireel 

nn>Af(un- of tlw? nxidixaMe nmteriASi*, it tft thr; moftt iiiv(A>ri juil L’liAhis teriHtie In ile«cribhig 
Ihe 4-niireiitratton or stryiiglh of the It Is cibtiiiEnd liv nihllnK diluting wati r 

iinviiig no oxv|p?ti demand lo the isunple nntl rlelerniining ils dissHilv^Nl o^ygB'ii ennC^^n.! 
Afler dilutinm The wtiiple ia then i[ifuliali‘cJ aI 2tS C fur & to dnyjs nfier whieh tln^ 
dliiftolveKi OtygeiJ b njtAin olitflined. The dilTi relirC^ in ihesr Iwo deterininji|ioru« 

giveft the nniHHiol of iMygnn IIiAhI up by ihi' Horn pie nini ift thi- 

'TIh' fft/nbiv ftfnhdtiff ijf N'wnge iTMiy be nr* tin' iTltio of o^ygt'U liVidlkbii^ ill tin' 

niimple lo Ihe oxygen O^plin^l for he efjihdiWiliofL Tahir givi-* Ihe odnlivr- ftlrthllilir- 
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‘m prireiita^ for vaHuuB ppriodj? of timie at 120”0. If it lumiiniMj ihnt thp o^dutioo 
prcvt^ ID praetiftiJly c’cmifklete at I he ond of liU ilavH al SIV'O oiid ilj« 
thpreforr, id rupr^s^rnled by UU perwnli, at 10 claVd thp s-^LUtplr wmilil havT liwn t>Q jifT~ 
renl dtahle of luitfi* uainl up IW porctMit of ihc tqLu] o:?(y|;i<ri ^s.hi!r tit 5 da>'^ 

the Bf>1> bf 6R |H*rtTnt of tlk" total rtw^uln-hiont. bi an or^^aiiit dye whiclii 

fcrt doi’-Dloriiid whon the dissolved o^yKon oantent of the i^tulioii rotititinjOK h ia ex- 
liuui^tetL Thu rolfttive jitayiity test made hy Adding a puflicienl jinmunt the dve 
0> produce ei didtinel blue ealchr lu llw Hample and ^lorinp? at 20 C io n uDiJid-titopfit'rFd 
Fiotlle fiTitii which nil aif has- bteii uKclud^'iJr The dLsappeartLiirt* cjf Uip blue eolor ijn 

indication tlmt the db<Ni[vi‘d oxyy^^-n hoE Ix^eo 
used upp ujid tt IhereforOp h nimisure of 

the amount of oxy ^n own I in the tieriiHl. 
The relativt^ stability of Hie ^ii|ili^ is llli'li 
token frum Tiiblp 23 for the iiuniher ciF djiva 
reriuinjd for its derolnratioi!i. 

The nifroflrn qyc/ff (Fig. 21) ^vfHPr dioj^Ttltn- 
mutically a oonteplion of the pmees" th*- 
eomiKMitioii of j^wnge^ At tb* timlii of ouiniak 
or plftiit protc ioti, the organic niirogenouH nitit- 
ter bt^ns H firoeess of derompodlion^ in ths- 
first stiipp:' of which ojujuooiii nitrogen is fonniii 
ihrough the uid of cortaiTi iiPi'^uptL of tKicteriu 
etil liHi' 'nnunoni Fiers, This am monia is further 

i5lmiij?L^ by ^wtain nitrifyuiR dr^iijmui into iiilriten im<l ownlmdly into nitnatiit. Tlim 
(xunplehst Um nitnfieation of tho org^inic niatler, and dfv'onip^jsitjon ccaw'S. ^itmb's 
eonlaiii nilrogen in n fomi tliot ir li^Tiilable for plnnt food, nnd it w utiliit^ in the 
prtHlai-tiun of plant ppvjwtlL Th™ pUnls eitlior die and lYeonimence the nltrnpi-ri 
ryefc just dim-rib‘^1, or they timy Iw uhihI by anitimlH hm* foorl, Sn wbieh i they an^ 
partly uwsJ in tonninii ainmal protein ond am partly wAr\M. In either case, at tin' 
death of tfie pbni or uaima!, detenomtion again oetji in and tlie nitrogen evde is ji^ 
jieateil. A ei njiin amount of deiiltrirtration from nltndes to atnicitipheric nitmgen takcfl 
place lltrou^h the aetion of boetefia; and. hi contniction wrilK the growth erf kgumintMis 
phmUp ntmospherie nitrogen ia eotivert^H,! into pLaiU proLtiiis by (he proces.M i'n\U'i\ 
"nitrogen frKjitioti." Then? are some other minor mcMljfiiiatkinfl oF the process, hot in 
a peni'mi way the decompr^tion of nitrogenous nuibirinl foitowia (Jiis eyele. Tlie (Nir- 
liannei'oiis orgaiiJo mailer gof ?3 through n similar procw wilkil the carbon cycle, and 
the sulfumus orKutiic niatter goes throngti Hie sulfur tryt'h\ 

Cwti^tftrathn. Tn water there are always p^mt fret- bydrng 4 'u 
and hyilrruyl ions liet^aUM^ of (be fstJiial diweliilion of the water. Ilir-sf' whsmk\ be 
I^iual in amount in puo' Water, and such water is said to be neutral. If, k^weviTp 
(Ihto h an estw of II iohS. the water is ncld; LhuI if the ClFI iorui ari‘ in 4 -xrr sa, the 
water Is alkaline. The ftcidityp thm-forep increoHid with an Inerposing exm-w of It 
bnSp and likewise (Jip alkalinity increasos as ihe exuws of (JH ium ineren^. Tli^ 
product of the H ion cooceutration by the Ofhhn i-untTiitrutioti is eonstjiiit for all 
praeticfll imrpuses otid efiuub Putci water, ibimfonv contain* 10“^ ion uf 

«U7h kind. A milMtance is neutral, Iberefotn. wfteu Its Ibbn eonct'Otmtion is 10“^ 
^iiKS this mrtlnid of e^pn%viiitg acidity is wjtnowhat uwkwanip the term pH hoe been 
suggested hy S&reniwn le pfiutil the lofpirilhm nf the n^ aprcs-al of ihc M-iop concent m- 

tinn, or pH ™ tog —, lliia then lpmuin>s 7,t| for a neutral Euljstan«\ A pH greater 

thun 7.0 inclirates ulkalinstyp und mse Isss (han 7.0 indicatffi ju idilv. 'fhe pH dpt+ r- 
minatioo j* mjiilo rnlorimrrrically by r .miparifig the ,4jbr produced'when er rmin KuJi- 
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"juairatohs" are addedp with the- t^lurn d BtJiiubriiH of tiiowji pit valw\ 

Tlie r>IJ ipif*nriEUit in iiidiealing tlir frwIinHWsc ef thf llirC ease- d rhrniii'wl 

prei'ipitftiinn wiib tlii^ ip^jiutily jind lypf of rfiptniciil rr^iuirH, ili-r of digtT^ 

hotip aikI tiu' firiilkHhtlily u\ foaiuin^ 

CJwmctEfifitici, From the hlujve rli-^-iLHt^kii], il ir evMenl ihnt briE^tt'riii 
play iiti imjifirtjtiit imrt in llii» detCMTijHisiHon ol In fact, they pttiy the mnjnr 

role Hin^-e il i*' through their aeiivilies thjit the rhemii^l neHoii pLaee. If u r*«^iMiiKe 

in #ttt^riUw;Jih rheuiif^il ilt‘i*oTnp<P5itinil in ehcektnlr A litlovflLHjKV uf the iyp<^ 
eiiei ikflhite ilf Isoeu™ prf^nt in c»eWa|St' therefcirt'p ejifk^Eitial to tin nodenstjinding of 
the pnxH-rtr^'is tn«Mi in wwane iliiip^MakL 

Till' §Miihiii^ntr ^raftfnn iiHiudly pnwfil in sewage Include ffte enunni urjj^ktii^iii^ for 
inli-z^tirml dini'3inn« nucll Eif* typle>hh d>rt-liteo\ iharrhea, tie. Th*^' iMittenn liiriv 
^pn’tttl ilneijjw^ Iky rontiifiiinntiiLif inelerKnjuiiHl or fliirfiuti-WiiEer Hupplif* nr jdielltiehr 
niid, wlieit' eUi.’b toUtaniiimfion n* popuriblt, the method of dij?|)0>^l wlnmlnj inelude :* 
met hud iif elijuiisjitinjc the [wthoiseiitr or)4iirii^Tnf. Mq;«I of the liiii'teriw in 
however^ nra u-efuh Out gnjiaji, the anaffdtif fjqrfarKi, thrive where aitnwplieric 
oxygen ia- exelitiiwl and |>^'rform iEiiiMJttjint fuD.etionii in, tlie and djjEt*tio!i of 

t!iewjigi* hiijrJjpi. Arfoi^ic WnTen'a, on tin' other ham I, n^nire al nio^pherie o%ygeii mid 
are fnr ihe tiilririoBtion and oxiiiLilio-n proccsi*fj* li-ed in the irestnii^at of 

^Cieage. ItnetorLa are IraPpklhtfcHthle for tlic ijcct^lly fjf fewygi' treatincnL tliroijgh iJie 
I'^nniioaitinn wlikli tlu^y cmux, aod the etipne'i^r haclerift in the tn^itment 

of POWij|g;i* hv i‘nrQtira|rinK hini eontrollling ibetr BCtiviHiw ms ju< to prixlut'e^ the cli'anin'i!. 
n^nilta. 

'raking the F^woge sample for nny of the above i^ dilfuult of vjuia- 

liotui in t‘onti'iit in {|Ucintlty of flow throughout tisn thty^ \ a order to get no jivi-nnite 
mtufile, it ia l« take Ekunitdea at fixiHJ interval mi'h atl to 150 min thnmghnut 

the 21 hr, and from Ihb uorupoate sa^lp1l^ a f-nialler avernay nuiiple m laketi. In ctrdcr 
that thi# Harfifkle t^hall \v fmrly repri'^ rkt4iHve of the runditioti d the a^wogi^ at the tinse 
each jminple wm tikken, the rymESOsiU- sample ifi ^leriliied hy the urte of formaldehvdep 
chlorofomi, or Kuirtirio airid. In thia way, the niE>!d chemical t-huvi^c^s whirh otherub^ 
would take plie'e tm' rlieekod. 

Stream Pollutton- The ritial dlBpoeition of ip esihi r un ttuWf a^i in du-^jawal hy 

iriigiilioti, or iti t^trt^nwp lakA*^^. or tidal watm. Binre relatively i^mall gmiiititiii^ uf 
Hwage life dijpf.ii:a>i3 of tIuEiugh irnKiktloii, pHicliLiany all ‘aiwagf eventually hndF: ir^ 
w'av into the iit*^ire**‘t fiirt'iiinj*^. Even whi^n^a sc'W'agi’^iisprwnl plant in in UHi'', th<‘ Ntii'am 
rt nnviiig ite effinent ehoulid l>c eoiiid^lfwl m tlie loai unit in the plant or ihi^ ^itaifi' 
111 till' purifiEiitioik procffti. tl ifl imEJorliitit. therefore, Su uiidt^Jidand (he vny in which 
smell Btn'aiiu^ oxidixe or digiHt ihcir st'wage bunlen. 

The CLPiiditloii of a poltuUKl stream h* at nny moTnent a twullnnt of two inniienn-^: 
itfl capendty for osiiliKinK sicwagf and the demand licing made on it hy the mis^tahh^ 
orKaliir' HUltilig TtUlterialn cnlltaified- Water inimially ewililisw ox^vipni in !KiSutio]fc, 
Ihn uuieuiil dcEieniting un the lenija^raldn'. Table 22 the aniOLiot of oxygen 

that can lif^hcld ill sohitioii li> fn^f=h w ater-.f diflcTeiiT Irtnpt mliin-w; wln-n thi«a iin]outi(H 
an^ fin M'Tit, the waifT i? to lie NatuniUMil. The mi I lira t inn vnlie^ for imlt waUr arv 
Jl|l^l^>ximillldy m |M ri‘ent of fur fo-^^fi waii«r, v:Lr_vli!g wtih tlm Milinity. Hkiiikc 

Hjf (he diS!kiilvcfl oxyKen up lu Jiiipptv ihr yKvj^-n demand of tmiluting nialerialBp 

she dcfiideuey Lk unidualty ntade np fnin^ atmcwplieO'. 'fhi^ mfiidity of tfiiP rcaera- 
(ion varies with tJic amfiutit of the derieiency ami the up^H^rtcjoiEii'^ for aUrinHion of 
at Til Of* pi a* fie oxyjceti. T^urljulence gteatty iEiflui'Eieirj^ this facsor, sitirt: il eonSinuEtlb' 
hrinjci* fit-j^h-w fiter MirfaoH with ihrif oxygi^n ileficieney into conUicl w i(1i the air. Thtu^ 
the oxygen denumd of tiie puhntiiiR materral v Kradually wtHaraxl al the txpenJH* of thi^ 
oxy gen content of the water* Serioua deplidion of the d^iolved □syRcti in a streani iruiy 
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Tahj.is 22. Boj.i’Pii.nir or OxftiKX ts Kiinmi \VAT^;B at Variduji TEWi-KKATt jikm 


Trmp<"rtit 

imv iJeUKHw 

[H!T nulijuri 

1 Trm|icralwn% rl^Krrc’j^ 

Diwlvtfd 

nitrt^ 

\wr inllliirn 

CVntiumdi* 

FahrtMihpil 

Citfitimutit 

Falirrnlif'il 

0 

3(2.0 

14. 

i Mi 

i51>,« 


1 

2 

55 Ji 

U/2^ 

I3.B4 

n 

18 

i>2,fi 

4M.4 

ii.74 

0.54 


dJA 

13.48 

]0 

0tL2 

0.35 

A 

30.2 

13*13 

20 

tf8.D 

0il7 

a 

4\.n 

\2.m 




i\ 

VI.S 

12.48 1 

2J 

00,8 

8.00 

7 

44. JJ 

12.17 

32 

7LG 

8.83 

H 

4b*4 

11.87 

23 

73.4 

8h08 

If 

4S.2 

i 1 .xl^f 

24 

75.2 

8,53 

JO 

50,0 

11.33 

25 

77,0 

8,38 

n 

5m 

n.m 

20 

78.S 

8.22 

12 

53,0 

10^83 

27 

80,0 

8.22 


554 4 

iG,ri0 

28 

82.4 

7.if2 

U 

57.2 

10.37 


84.2 

7 77 

15 

50.D 

10.15 

30 

80.0 

7!tl3 


(iHrtrni (uh lifr, Sji'h u i.lrtnta nuiy bwniM »|nic, uinJ tht BhOPfobiB deccmtamtioti 
Komj( m jirfwJuERS! mid tin unpjimidng n|jpLiijmn 4 >&. Tin? vuriou^ 

r^ljitc by tutr or ihrotiRb jrtAtL' health JppsrtmsnM thi.< dEjjrvt* of iHj-gBP ifepUw 
Uqii whirh u ptrmwRble. \Vb< n thi* ut eswcdcd, the wjwjmt cBiiHing tbc troubb- nniat 
bi* lrpftl«i lio ad w redudt- iLh deimnii 



6 9 10 iZ H 16 IS 20 

Period of incuboFlan in iJoyj 


I €0 

Ml 

“ 50 
1? 

a 4t} 

C 

I 30 




Smlge bwilw formra by th* .IriKwt of ii«liiii«ni from flwhwpnt tnbi glnanu, 

or Ihhw undergo a^iirobin dMooipwition and tsnrt a di-Rnil** ntyBi.ii denmmi oji thr 

adjBwnt watrr. di-rwit** *nny mu* *ri«u. diffioulty by miit,* «p #it«iin ihnn- 

liV I rwiti.ht nf ibti I'oritiiiurti for n Inhir tiniP, 

Whvfe rucll drjK.nL. an: tikriy to fonn, it « l*tt,.r to niBOVr tJ.H *uli„K *,|id, Iiedi. 



























































































nimluticm lankti n brtn the diKVvtioii or finnl Uinimaal of liMSiW soJUIfl om Iw tniitt! cuily 
rodl tuIIinL 

Fijturi' ja2 ihowH ihp ml4^ of at vmidus KMnppnHu™ with rijsi^ptv’i ta 

linw. It wiW Iw no8«^ tJint tl«»xytc^Eiiktian bc^uw rapiiUy nnJ r^mtinupa at a 
dimipl-Hhini? Tfite. Ctin?p in Hjt. 23 nbowii ciL-rtciJvL^i oxyRPn irontefut of a ■tream 
U^rnR KmJtiaHy dcpli-trcj ia thf? nbM^uiT of ™pfntian„ Siiai^ mieratJnn lakc^ jilacii wilh 
inrrPiiHini; rapidity t.litp Dsyi?i.''ii dipfiidpncy iriFTPan^ Lh<i ujettiul diMmS vril oun- 

u^Eit of ibt f!mTi'«'tthE fdr this inll fdUow tnvvv A. Tbp f^iinUoiwi for thf^ 

tarvinf an? i^bown on Rj?. 23, whrrp bt the initial osyiti ii ^^luralion dHicit iif lb? 



^ 

Kio. 23. Cur^i** AbowiiiR rhu^kjci? bk avugvn in Mopt |wkaL of pollutluli. 

Jfal^ fl/ Atmawphim /Jwrnfirtrt .Im. .iSar. 

KHtr0,. wf. SO. p. t3W, 102C.) 


wafer in par in per miiUou, £> the enturalKKn tJofteit after lime I, the Initial axyipin 
ih'iTULTiil of the orgaiiir mot ter, L tlip oJij'iRrii demnTHi nt iiny dwlivti nbomml, tin' 
ropffirbiit ileriiiiiii^ rule of iJeoxyipenatloP, k 2 the CM'fncient deBnSpg rate <jf rcaeratioi}, 
and I the dnpdipti time in dnyn. 

Kiiejte 24 IP veil the varifttioru nf Jtj and wiitb tnniisrratim' in terms of valum nt 
20K\ wliieh are D.IO for and jilwMit for frj on the Ohin ond llUnoh rivvnf. ki 



^ Relation bdoeen vdhjb of 

. deffiiv^efifltiort eoeffitien^fAi J 

_dTid dr Te-flrrfltiwi cflcfficiePT+^Af L 

ot Clrrrighade 

-vffJtiei pt other teoawnrtwrES 


1_L 


^ IS 2D ^ 

Tenrperfl fuilc C, 


KI 


1& 


Fio, 24. VatijitMMw of it; and kt with tntnperfltnrEH. ^ AlMUi^pf\rrv 

Stwmrm, Tr^fu. Am, Mm-, rirtf £wt , tct. Sn. p. tdSi. 
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fan be deU^irmiDed In the lhbarator>'^r Jtj vjinc# with the Ftmim coTy^idererl. To- 
ejeFunitic tht condition uf n utmirtk fejclow d newer out let by uMtig thw furmulib^^ pix»- 
reod mil fulkiwn: 

or the BOD^ cru he obiruned by teat. To edtiveit to 20“Ct upo ttio fonnulji Lf “ 
La}[l + 0.02(r — SOJfh where T 1# the teMpemtlift' iti deRiTt'a renli^friMie. Tntjle 23 

\» iiPeflil IP eanVertltig BDD to that for [iny rfonml period ei|rh pp the ttl-cbrj- to lh(>i l^lpiy 
BfID- BL»rtioi 5 with fct » OJ and ^ 0,2 to 0,2^ rw kp lU'tusiUy determirH'd, efnreel, 
tlioH* to the di'pired temperwturp by Fijt- 2-i- Thfii Milve fnr D for diffemnl of 1 

ilayw up to the rimKiiPiini dwiriNl lime (tJirfU^Jvce) lielow the outlet, nod plot I he <w,\ gen- 
de&Hpnry rtirr^ sdmilftr to mrve A (Fip, 23), with valuesi ef D na rjrdirLatc^ aiid of t jir 
nbfiebjsaji, Thns will nhow at n ithuitw the fomlitioii <if the ptn-ani at all pointa. 


Table 23 . Btahiijtv Kembeba^ 


TinM> re<)ui^ for 
ilecidorimt ion al 
30'^C, dayp 

l^elative 
alability, 
p4!reen 1 \ 

‘ Time rL^|uire4J for 

1 deenlnruatiun al 
' 2lJ"C,diiy6 

ilelali VO 
f<iahilit>v 
pcTcent 

Q.5 

II i 

3.0 

S4 

l.O 

21 • 

0.0 

S7 

1.5 

30 

10.0 

m 

2.0 

37 

n,ti 

112 

2.A 

-w 1 

12,0 

iU 

3.0 

50 

‘ 13,0 

115 

4.a 

ISO 

H.O 


5.0 

liS 

llj.O 

07 

K.O 

75 

IS.O 

Oft 

7.0 

so 

20.0 



t A P.K.A, ■^lanEft.rtl uE Aruh^ r- ■ iS. 


The nrte nt whieh nxyKei^ i« di'owiTHJed by polluted Water at 2fl'’C b- eu^y mn rmm 
Table 22. Far e^Hinpfe^ w hile tni prei^^eot of tlw UMal i>Eyp^?n n^juired in a Riven 
will be tiiwd in the EtAl 30 fbvA of the eAirbtion proeea^, S>0 la^rnnil will have Ij^n u«d 
in the Tirel 10 dayw and bft |H?n‘enl in itiya, TliLi table b useful ah^j in the study of 
t he rondUtoh of altvanuf Iji'hiw aeW’iT oytleljr in eomiL^tiurL with F^mbh riU; eitrlHiir tii I lie 
aliove. For further InfornuilioEi eoneeminK the w'ay 3 b which throne i^mbleiOB am w orki^J 
oiil in ilelailf reference ip naidr to C'ha|iter V of Phelp^P '"Kln-yim Sasjit&tion.^ ■ 

Ttw effrHJt of temfierature on the osyRen i^ig is ahovrn in Fik- 25 in wdiich ki uorl 
ure nwumiHil lo lie O.lO ntkd 11.20 rcfipcelively at 2I)®C. They liave Iren ctirnicted for 
temperature by the im' of Fig, 2-L An ifiereiiA« in will cunee a greater oyvgen de- 
fkienry. 

Methuib oJ diapcval Aulbfy some id flu‘ o:tygrn iJennuHl of Wore empt^dnj; 

It into titri?am# and niateiiaily mlirve tbt^ Alieain of it« pollutionnl load, ft ia lieldani 
feasible to InercaAC the o^ldiitkiiR power of the fttream itself- Al Chieago, the enparitv^ 
of tlir Pbinefi mu I libnob rivers fnr digesting sewage tnapendouHly inenmjW 
by pumping Urge (|uaniit[r>« of water witJi its oxygen ronbmt. from Uke Michigan far 
dllmion purpo^. On the ttulir Kiver in Cjefmnny, alwi. Dr, Imhoff Inm const.njrt 4 .vl 
rT9femiin!i for the pnipcise of inereiudng tin^ river’# eapncily for biidogind digcition of 
dbpOfiahpliLPt eflfticnte in a^^h^r lo tln^ nn‘ewHily fnr merciieijig the elfi 4 deneiai 

of eMs^ting gewHgt^lHpoeiil planm. At Park Falb, Wie., aemtinn of the Flambenu Bivi-r 
improvt.>d etream condilii^n# rvmsiderably, fEdhiwini jmllution by pulp-mill 

UoJikL WLlf? & jwni, Jiu!.. isn-l. 

1 TfLas. Ci., Pcillytfrd HtmiTM Clwfd fp hjf AsrmiMn, C-'M Ttji. 10. p. AuicuvE IWO, 
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'Hip oxyj(Ef*^n draiand of nmv \m ^xpri?«»*d ftl*o in pmiiicl# per CApiUi thiWy, 

ji* in Tttblp 24. Thin » partipittftriy rftnvrnimt Tfir rfimputitiK tlilulion fjwiors. For 


Tahi.e 24 . OscrnEs DE 3 iA^t» or Skwaoe pkr Capita* 


l‘lnee 

ToIhI osy«rn 
ibimnmL lb 
;H<-r rapita 
per ifiiy 

Hii4ereni>r 

Alltance, (IhlO'..... ... 

Itnltiiiiiirc, M<|. * ........... 

Canhm, tlldu*,,. .. . . 

(t. 15 
(IJ7 



CVtlumhiw, iihiii*. 

0.22 


(.Vjinputei] tnam ditla in 
ifmtik HtiU, 132, pti. 35-111 

FitrlilHir^tr Mr«*, .......... 

0J7 


Dtita enver pcriiHl nf 1 t« 2 wi^t-rka ai 
each plii«‘ 

Huuston, Tex, {.North plrtfll) *.. 
Heading, Pn. . 

Hocbt^tcr^ N. V- 11 mnslffrjtn dl 
plan 1) *. ...... 

0.10 

0.15 

0.18 


.\vera(fe of eipcht eitii^^, 0-17 

DnyIon, Otno *, ^. . 

0,20 


Metcalf and Kiidy; %\-h.r cnioposHe 
, sample 

1 .Yvciaep of 10 cnlch mmpli^ in Jtt24 

8i43Pfieelncly\ N.V. - 

j 0.20 


liymeuse, N,Y", ^ . ... 

' 0.21 


Metcalf and Eddy; COlii|7i|tei| cm ^ni- 
1 pie nf rattal W'nir.r carrying NTCtige 

CAtkrbitiati. fdiifi ^ p ......... . 

0,22 


.AvemEC of Iouk mrUm qf by L'.S. 

Public Zlealili ^mee m icewnge 
From one of the eity^it ^4ewfta by 5- 
LhkV dilutiim mot bod 

Pi*nria, l!Kp.p.p...... 

0,25 


rSveniEi' n.»?'ull nini|juTetl fnun net oxy- 
p'n demand nf river w-jiternbcm* nmi 
ludovr Fcorbi for iK^riud tjf Inw-eligLi- 
litill by UrS. Public Hen lib Bc;ryiEa% 
3021-P422 

rbicttKn 8Hiiilar>' THHlrii t," 30tb 
St. wcwa(4^% tesijs in ltH4 by ni- 
I rate mr!th[Kl 

Tr.NtM in ltl20jil Chtnigu by 

0.24 


fTckmpilted from a^Minkgr of 170 tjeter- 
jninaUoELx durioE lOli of iD-dny 
oxygen dcmaTkd by ultmle nielhixl 

Nit.nile nu'lhixl . . , .. 

0.2IVI 

CoiniiutKl from results of 10 day U^l 

Dibit ifwj uh^UiinL ---.+ ,... 

I 0.200 

1 

an six i^amido pfjT day for 27 ilayn 
duniiE XovcmlH^r 3 uil{ DctannlH«r. 
H>2fl 


* SctTFiwr rH*-p4«iJ. Jionif- fJiafr-i En4t. If«. Ptafl JJI, |h. 7-ir 

I J^*»*t* HVTM^ 

CiiiikbtoHJ 


citaidpk', Ihf from a rK^dpotial oity tjf £00,000 jieopk would retiulro ICX)„04X} y 

047 « L7,000 lb nf u^yi^^n pt-r (lay for ajilbifat-fory dilution. If thr sewtiiff ODUtaiiv# 
diAfolvtMi usyRi^ii, ihw woukl ivfiurc I he iT^iuiTPmnpit j3ro|Hprlio[inti4y, If n 

tpmiH'nitun- of TO F iw fy^unn'ii frnrri Tahir 22 the rantmi of ihr ^tn-nin 

wivinj( the WM,ap(je m 8.y7 ppm at imtumlioh. E! the stream is only [w^rernt Aatumted 
liisenuw of earlk-r pollution nnd It tn nm^-t^ry to Imvc .1(1 i^Tirnl sutianition for fij>h 
life, 40 penienl X 8.517 » 3,50 |>ptn oiVHrti^ nr ^.50 X 8.3 • lb ikt niillion Enllons 
pjT* available. Tb*' nir.^uin'^i Nln^ii Jltiw wmild lie 17,000/2^^.8 ?* 570 tnicdp or 882 eu ft 
per nee. With n sjwni'i* flow of 100 ptnl ftt-r c^ftdtn daily, tlijH would give a dilution rati® 
of 1:57. Tlie dilution n'^uii«| in prevent the fureurri'n™ of olijectiuiuiyo rondllioiis 
Iti ntrramd h freqarntly eypnsreied ill temu of llu^ riifilrilajtilij? p^ipubilioth. Sludkqi in 
ManmrhiiflPltA by Coadrioui;h and ntJiers indicate that nuiaanees were tlvaxB lirddiiced 
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with A dilutiQA furlw cif kitt, UiMi a.Aru fi [rr m-c fa-r 1,(X)U |K-fs(Hia Anii UiAt tJii-y wen* 
miiikply to owjur willi cljlutiooi of U.U eu ft jjcr per 1,000 prrKiiu. ftmnrf it* 

invwtiRfltinj; rivcfa for ih? Oliio Sistp Bonrd of Hpalih ^ tlmt itO or ovi-n JO.O rn fi 
H*e IHT 1,000 tKipuIntinn was rPt;illln<4l on alrruJlJ* ■‘iMiljiitiiiif winv prior iKillu- 



tiori. Tlifs...>iudips form a rri««h isuldi uiily, awI PCMnpylAlinrtj. of dilution miuin>niniila 
liW on APttL-kl 1M)D nmi diwioitt^ri os>j(pii k-stir nf the xi'WAfSi'aod iju- ntnAiin atp lo !«■ 

prrfpm»idr 


PRETREATMENT PROCESSES 

Strtisis- St-wAitr eonlftitiK iiiAteiiAU wlitrh Hihpr lhl(*Tfpn; with, or do itni r^'f.prtnd 
to. omfpti-Hl nu lhod,. for wwA^e trwlmenl Injt mjuitv i.erM,mU- lutnrJlihu. Thfit- in- 
cMp wnd, stirks, raga, Aod other niisix^lbiiitipr. mstfriah whiirh, the fir-1 

afep in ihr irt Atiiieiit ijrrwTUK. tfquire reniovul in unler to protrvt puiiif*- ami pn-vent 
flriitttLiiK of fiipw, Vnlvit., aw\ filter noznlf^. A Iniiaiiiutn vploeily of 1 ft per see sdupiiNI 
Iv Iiiaiiituiiiiaj at all flows ID pnrveiil sedinithtulion ill pi,a^ oMrlinnnela. For 
I'frtitrlitiitiR RTil,;; ft (H-r SIT V<-I<)city in On' milliliiuni Tin- lirat unit of am- in-nt- 

mr-filJrlaht fllbouhl Iw. thtnTnn;, ruck* or arret-a For nniiuvinK these eourmo mau-riuls 
llH- hew ^ork Slate IhpOrtJiieiit of Health naiuiri-i. n sulnnerp-.l nrl hrtia not less 
ihAii 2 it) ft |«-f mpl .)f HewjiAr nr 3 m) ft for combined (-vslem», Tl„. velorjtv throuith 
the jKKTn Bhd norrofll to it was sptanficl not toexm-d 0.5 fi por we |o prevent rofi-inir 

Types o( ^een fioreens aw dassifinrf m r,*™- svrrriis or rrteks. medium, and fine 
w™™. Fuller nnd MetTl.nioek twonuneml 20 «q ft of wr^n ao^ la-r I OflOODO sal 
of doroiwtie at^wARf, and Metnalf Aod Kkldy alAte timl Boston'* e.>r,«rieniT imllcdtw 
that a el«n amt at (east 50 psreent Rt^iti r than the emse wetioii of Ihc «ihlributioe 
«rwer « deaiTAtde. Raefcs eoiiKiat of pamliel !«« with tba loje either VLrtieal or inelint.l 
downstn-um lo mnumtie oto) 5 EinB and faciJiFule ileaninn, TJu- dear araa* bt'Fween 
liar, la H to 2 In. or oven more. Medium wnwiii liave oprnlnRH down lo H hi amj fine 
srwrn. u.^lly nf i«Tforated plate or wire mesh with openioRs lew Hum in in 

.iimillosi ilinna u-r. 'tlio (rtmehwl hokw may be HrruUr <Hr hi tbr form of slots of wlijeli 
the smaltert diiuneur w (be RovemiUR diametor used in desiRimtii.K Hh* st OTu r.|a.,..r.R 
lliirks are ftrajuenly ImllrlTliwr^ m the snmller ulanls, F,ut in the larRer oo,^ nt.Tl.a- 
n«.ai elHinlOK 1« I.refcrable. JliRh labor .i«ts phi^. eauveriH-iMa- and phot A|.|su.r. 

I fVpIlMIHrjf Hwjar. rpiPPVi>Tirk4m ftlFffi. IP, 5tl, ]JW7^ 
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tiijict fRYOT nif^tuimEHi eltiuiiiiis Jor jdl 

3fi ifclui«lml€^ iJie imiUkuiJ 
ftcnH^ninfc unH by tbf? Lmk-Bvlt Go. «iih 
tU Thru-Clean Bar Sriwn in wbH’h Ihi^ 
mice m-rrio lJ>i- M-rei*iiii3|p4 to im 
cflviixecl i?qinj!i^tJLu-i!it aikcj ijppcwiiM thvm 
in a loirbjiipi- can for rvtikavnl and burinl, 
inrincratiDHp or utli{?i- method of hH^poai]. 

Figure 27 fth^wa a rurvcil Dormi fair 
Kcwn, clmr^tl by » relating mite whiJi- 
the jiorccEijiige nm ma^kated wnd re- 
lunird to tbe to he wltM with the 

other tiewapsc ^auEicia at the 
pEimt. 

The quatilhy of itriiiovt>d tin- 

|K!nd« on ibe Mtw of opening but M^yom 
esftccdii 5 to to fji'n-ent of the enmpi^ndid 
eolidjF, even with hiw Tlie qunnti- 

liw removed by ronrN^ meke haw no 
di'flnitc relntiqiuihip to the quaiitity of new- 
fkge and curLii^t largely of rtirkft^ mgHp ele. 
rtai^kj* infually yield from 0.5 to II ru fl of 
N-n'cningp per L,OfX),OCKV iptl. Fine ^trnren- 
inj 5 S mntaiii from 80 to 85 percent wjiter 
nnd weipdk from 40 to lUl lb per ru ft. 

\\lkfJthcr fijie Pcr^‘a<i should lie u^eil de- Fj«. 30. TiMmah-rEean bar »nwik, {Link 
pi‘nidi!i eti tbe telalivt eo^t# of removing ihc 
pnnitiular Ailida by flm^ening or mlimenLi- 

tion. The primopal for fine pen'cnsk for tliuw caiwa where no iiiMitEonekt tientirn^ot 
w nwled. f^nmtiinefi they are UMe«l alkKi for retnati^ng the rporwr foliilp prcliniinnry' 
to further treatment tfueh syi by the acliv^tcd^linijifi' method or rhlnnimfiork. llaeka 
nn? uwwf nliuoHt imivi^nmlly and are normnlly built art the fuat unit of the liirtptHal pbxil, 
frequently in citHkjttELetion with grit ehnmlwrtf. ScretiiH with tjii- to ojiK'ninga 

toeovor from J.5 32.5 rU ft of arrceningH pvr million gallana of sewage. 



KpOl JT. tiui o'Ort4i iiiiU d ljhiii I k'|[f ninr+ 








SEWERjVCSK a no sewage DtSFi>SAL 

Oispcft^ of Scieenlne^ Sm^nini^ are du|KiM!d v£ jki tm.ny iiknU by c|umpiii|s eintl 
rovt'rin^ with a layer erf j«>ll to prrveot a WTwre thw nielhoiJ eannot lUictl, 

H:n?rniii|[n inay br pnv9f>d sod IihiithnI iiiitirj^ or hkirmyl ifi tnHnomtofi' ^ilh or 

Without pmufiD^ ScrM^nlni^ sn? KKnielinii-jt ujjimJ for lanci filb, \mr^\ lo wa, i^rEipoeU>d, 
ar KTOiimJ and rttumed to tlie sewer. Tbev Kove aim k^ci diKPstetl sui-.wfuJIy sW 
Of with H?wage alud^^ Jo the latter ro-»t\ the sliidge-iliK^vtion period recjuirHl is in- 
erevoed frant 15 to (wrirent. Mfleemtion is KH*ne(irial though uo| esaentiol in prep^j^rintt 
scfpeninp for digentlan. 

Goimnmiitorv. The protikm of ronioviil anti di^poeal of the ronnpcr nistoHiUs in t*ew- 
sf^e hap ]fing tjeen n Lmuble^me one sod until rewiit ymr? wai ImtHUod by mesnA of 
roame or fine sctMis. More reeenlii p ii^rntninutorp tisve rome into iw for chopping 
up tiuw nuiteriali atid permittlnK ihetn to oontinue ndth the sewoRv into the dupwul 
plant for diRc^tton. 

TJie Chierttfo Pump C.'omiJftny r-uiTiminutor shown in Fig. 2So ooiisists of a r^volvinfi 
t^lott+‘d liniin with stellite enttera OKHioEni in Majq(f!ro<i Torticol fow^ on its surface. 
A stellitfvfai'td emter, of roniK ia muimtid verlieally on the eomminntor frann^ m that 
thr rectangukr eooib li.-eth jurt dtiar the drum Pitrfart*. As I be drum fotatts* about ite 
vi^rtifsl nsis, the eoftfite mntertal drown to the dnicti by the sewojgr, whieh flows inward 
(hnmxli the slots^ im sheared hy tfie enttem ap they pa^ through the oonib. The rotn- 
lulnulfMj materials then pa« through the ^ 1 ]opI and flow downward throuj^i tlie open 
bollora of the dFum into tho efflueut channel Fig. m IMustrau^ a later inode] (bajv 
niinulor) adapted to birgc? sewei? or reetaj^jpjlar ehannek Tlie eomminutor is nonrTcig- 
girig mill eUmjnatee the ttpccssity for raking srpsenji or di.s|win£ of the screenings sepi^ 
ralely. Anaercilnc decompeeitHkn of thi‘ aerivninfpi along with sewage sliidge has worked 
sati^notoniy nt a targe numlHr of plants wherv tbR eoutminutore have been toted. 

SEDIMENTATION 

Sewage coulains larKc t|4iMilitie* of ^u.i^pc!udi\l P^jlids, and the prowls* of sedimentation 
naturally sojiKeiits itself as a method for ittnuving tbi-si* solids. Some of the supponded 
»lid» settle out in a reaHOfmblcr leni^h of imiv, but those which art more finely divided, 
including die colloidal] nuilter present, will not Eurftto nut, eveu whim very long periods 
are allow^ for sc^meniatiou. Hie i ncreosed lime mttiinxi for eel i lement of the Firm Her 
particlw b stt-n in Table 25 whicli jovaw the hydraulic subhdiiig vaJaea for portiele^i of 
rliffering grain rizfi. From thiP^ it is appirent tiiat ei-^limentatlou is not an efficient 
methncl for the removal nf ibi^ more fitvaly divided sol ids suh^iended in .ti^wnge. 


Ta&i^ 25, Relation or Dvauetph or PAUrtti-E to Vi^pjicrTT or Smuxu * 


I>iamt^ter of 
grain, mm 

Order of coupmituda^ 

Ilyilrntilic suLaiding 
Tiiilue, i.e., rate of 
fettling, nun per sec 

Time refiuifed 

14 stJtHe 1 ft 

10 

1 

fl.l 

0.01 

0.001 

0.0001 

O.OOOOl 

CJntvel 

Connie oojkd 

Fine eand 

SjlL 

Sjie oF bacteria 

Siiu of elay partidi>H 

Sim of colloidal imrtielea 

1.000 

ioa 

S 

0.151 

0.00151 

O.OOCXIlfid 

O.OOOOQOJ51 

0.3 shn; 

3.0 see 

3a^0 see 

33.0 min 

55.0 hr 

230,0 days 
03,0 yearn 


■ A WWS. W^rlji p. loa 
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Fm. 28. Caniminiilor und Ltl i^r. {Chmiist f*urHfi Cn,} 
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SBWKtiAai!; AND SKWACE DmhDBAL 


Fftctart Pivdifdng SedimcntAliaD. Of tiip ihf' 

^ir levity the moit obviuu^. ufftwt is rvnwxpd hy fiic^tidn Iw^twreii lb- iiArtirk 
and tim wnter Ehrmi^h whirli it Tli^* HnitMiril of this THrlirni w a funetloii of llw^ 

fhanveter and an^ of wiirfaCT* of tlm pfirlirl^ nnd of tbf viK^ty of the fluid diroiij^k 
whinh it »elth?s. The an** fiiir » jciveh wei|^t of Knutnlar matter uiirn^jiaoH with n 

rli^crt^MC in liaroiis a^ite. Sutev xh^. weSjtbl or die jsriivity ofTcfii diaMr not oharj|;e m iht* 
umterinl m (JulvemotL the inerpnwl renstanre to M'tilinR iJtHi to tlie j^mater 
area niAterialily Lfien>nMw t^u'• Irn^ of time retiuirL-d for the ptirtEoh^ft to rtittle out. For 
fpbpricfll aiacv ihHr nmk9 lire e<iudl to while their voliunee arc equal to 

r/>* . , 

wobvioiiM llukt volumes deerejue rooro rapidly iJuui etiifaee an-tia. This will 

be more tiiHily st^ifEk from Tnble M w'hkh ^vv» dip surface area for a spikerienl (mrtieEe 
I ID. ITJ dionu^ter anti for ibe umtu^ pulvemed «o aa to pass nwvc» with 10 aod 2£XJ 
iiKvhep per Unear tuirh rtspei^ lively. From this it ij «?eii tlial, while a jflnjcto partfple 
the l-in. Hphete liiui a surfure nnsi of 'AA4 sq io., when ttround to $nif!joieiit fiopiiisa to 
pfti?a a 300 isieih Miuve, its aurfjiee areft hm Wti incruiiaed to 1,0^ ^ m. This Emciroiourt 
inereuBP in Llie purfuee tif rontAPt belwpto the sub^tanee Mid the liquid with no inemm 
in w'eifthl very limleHolly divrt%ies the hydraulics ^^b^dittg value. 


TauLE m ^iiowj^o rx Si-RFaeit Ahka with lJix:Ki].\f 4 E t% DtAMETEk or 


[>iuim^tfir, 

in- 

Kieve 

Mo. 

Surface nrejx of 
idniEle jairticks 

M) in. 

V'Lilumr of 
Hinkle pflrtiele, 
eu in. 

Mo, of 
parliphw 

Tnlal ^lur- 

fuee urcsi, 
in. 

1 

t 

3.14 

{J.533 

1 

3.14 

0,0fl5 

10 

Q*€m 

0,000 N-l 

3.h30 

48^3 

0.0031) 

300 

0.0t>0Q*3tH 

0,00000001270 


1082, 


Tlkp Ukiuieefl of Uieae Hner partldi^ or eoJloids ore jfljtlidimt.ly unmll »d that tln^ on- 
iHiLmrecJ icnpiLt of iolw from all sides h of A moRniiude such ns to cmisi' violent ajp lo¬ 
tion of the iddividmil pnrtif-le. This la niilHl ^roifninn and ejui be obft-rvinj 

widk an ordiimry inh^rasenpt- u^Iei^ n dart fehL This tDovement ruhbins n 

the |uv-tirlr^ iwnl the liELuid and thus builds up iin elimtrie pIimki? on tbi- eolloids, Sini t* 
the pEirtielfv nil earr^ tk* same elkante, tky nra hekl npsirt nnd lbt4r rtiHttlemuni nr 
coagulation Is interfered with. Hrowiuan inovi mi-tit also iiiEctHeit^ with thi- settliijjt 
mF tlkp finer pwtrticJiftk As :t n'^sult of all tln^- factor*^ the roHoitiii nuimin more or tews 
lAdefmitely in *U5pen#ioo. 

9A2cfi'a Theory* ntiKen made a ihenjcretiral study of Mt'dinvr^nuitroiu* frenn whieh he 
Cl riain mnetusions. Since his study was bfiaiil im the t\7>e of mntenfllH im* 
i^tered Uk turbid waii^ u^ for dnme^tir sappliw. it b* not Uireeilv appfisairle to 
the oritMtic nr noeciiJetit sedimenl found in ifcwa^ but applli^ more directly to jtril 
duimbpr deaipi than lo the d«jjtu n\ N-aaipMM Itling bfiains, Some of hU cciurlu.«^ions 
are R» Mlowjs; 

1. The horiaEonta! orcft of a vettlinif hasin Ep more important liuin its ilepih. 

^ Tlu? ratio of k’ujfth of bmiiii to depth «houkl be limited. 

3. BalBi!# judlriajriy plaewJ an* h.^tpjul and ntaV ii.f jvaW tJu> iflinii-ni-v ,>f t^K- Win 
by as much as 25 perernt. 

d. TemperAture u an important farlor. 

I ASCS, ViiLS^p.*^. UKU, 
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5^ Wind ht tLVuidedi or reducecl m m minimum^ Vdociti«« nttyw^i by 

wind and tenipwralum may «aaily exceed the (luwiiif-th.maah veltKity and abotikl bo 
avnUled tm rtu- fm pmUble. 

The ConBoUdatiDii of Scttiini SoUda. Caipp curned kii slu-Jicft of the rate of fettling 
of niifpctutioiiA beyond Hnien'i contribytiojii l« ih^ fields by deHning inlennediate 
dcErwfl of ibeif ooiualidatioD. Thw he di^idc^ inlo thrtfe eategonc^: (1) whore the 
demiy nf ibe tiiiute of fottlini particles is iw ihjin 1^000 ppm approKinuitely^ they do 
not iotarforis wiih ii^h other and the tf^rm applied: la theto k/rec (2) //iftdfcrrf 

jif.U^iA|r til an ionreaAHi deiiMty intcnnedinlo In rbamcler a hilr (3) owj/iorlmii 

dcfcribe* the rondilion csktitig at or nhovo 3,000 ppm easiipudi'd i*did* w hvn^ a de^Jiilr 
)^hidgo hUnkel has bc<;ame tToognixable. The tattling velocity of a fiarliele which jtifi 
falh through the depth of thi* tank during lie ibeoielkTil period of delentiof! k rnllnd 
the ovorOow rate aod equak ibe diHclkargc |jer unit of tnnk Furfiice area. All particle'* 
Imving velocities greater than ea ‘"'iH nfritle out while those with r Jessi tliuik ej wilt bf tv“ 
moved in the ratio 

When a panicle k permitted In move irilhmit inlerferpnee or mtntipu ihrcmgh n fEiiki 
due to the gravitatioiiiLl puH, the Hettling or rising velocity wiUi respeel to the fluid will 
ticfame constant as toon as the resistance k eciiiiil lo the weight nf ihfP partkle in the 
biUEtumillDg Suid. 

T}iff law for the "'resktanee" ur ''drag" first prop<iped by Newton jup follow^: 

a 15 

'Iruj! 

drag rijeffirienf- 

projivfrti area of She twely in the iliecetinn nf morinn 
dynrimic pn'-MHre 

The drag fur a snuilt s|}here in n ykeous llnhi wim hiwl worked nul by ae folkiww: 

t) = ;iTifh ( 12 ? 

If fhk value of the drag k ctjunled lo I hr weight, of the- sphere in the fluid, — 

the liquation known as Hlak-MP' law may lie ohtiiiTied m foliowp: 

P . _p)W- (IS) 

IH l| 

where fin the egt^ system) 

r * Betti Ing velocity^ ero |M'r wv 
p • gravity, cm per aecr 

^ M absolute vkenBity coefficiettl of fluid, di THi-eier ptsr cm' or poki^ 
ei ■ deiwity of pnrtirlc, g percu cm 
p m iterwity of fluid, g per im cm 
d - jiartkle diunieUT^ cm 

The general ertuntion for the settling velocity of a sphere in lerruH uf the drag coeffiHeiil 
n kav be obtainetl by I'quattng iho drag of Ef|, (11) to the weight njf th& spheret fram which 


in which /> = 
r = 

‘1 ” 
2 


/Ty bai 

Vsf 


tN) 
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SEWEHAGi: AND SEWAUEL DISPOSAL 


Tlifi dnilt ^(vltidDEjt c itpus hc^n f^Hind hy f3c^)iTLhu^Jit to vnry widely with tbp Rri^yikikk 
THimbor^ Thp dniR is mnijKMcci of both vw<-<^iiii nni| inertia fam^. \Vkva the vi^crtia 
pnihiniiiiiiip, or ^"sfjrainiinp” Artilin^ oi-eui^. WTieo Ibe 

are wry eouiil aa rampared with tlw itn-rtia forri^, the iinit$ b foUrely detemiitwcl hy ihe 
inenifl Um^. Stokwi' law luti?. been cWkeil rlci«^!y by eKperimi'nt for valuM of Rcyn- 
oldii nunibt^r liws ilwy For vdiit'# of Iteynolds iimiLtM-r from 0.2 to LO the pjcjKiri- 
menila! valtii's for the dmf^ccieintiipiil are taiilheiently laiir the vahiea rromputed by meaiM 
of ^tokeij’ law la wumint the mm ihi^ law in ihU ri^Kinn. 

Thr AreonipanyiiiK curve (1 -Ik. 2fl> showiriK dra^ coefSeient a futivllon of Reynoltli! 
ntiEutwr ia Komrwhat ilmilar to ihp fnmilbr curve of pip^js frietjoii factor ae a fiifietiou of 



Hevnolde nunit?t-r. Tlip n-p<ni mrTF:;«pnndiri|;^ to the erilh^al vetoeity hi pipe* ia tihUeh 
mofe estpTtrJt'd aiid jfmd nnl ill I he S^LJW of tl i^- fiioving re and \» a atabk region. Ttm 

dniff roefbeient pnu ti< ally i^mstma at n vjilue fif nbout O.d fof vntutv of ti 

ffom hOOO to 20,000. Thh reKioii h kiHjwn fu llm rejrfon of "«tdyirtK ft^iatnmre^" to dia- 
litiftuitfli it from the Slokin^ law refcirin. Thf intpnoeilijkU^ i« a ''iniiiwtion"'^ n^lon 
in which both and limrtitt fon^ in p%. VaIuos beyond the n jpon of eddy¬ 

ing rcfifitAiice an? of little lEktemcE in wilinipntation. 

Thf rmnirk-* mnnmtmT] ill Mitning tank* aro jwt jiphi'rirtil and luiially an* quite 
iirvKulaT. Tiicy vart- in nixe, alui|j<., »i)ct dnujiiy owf ii wid^ taimtr, Whan aattlifii in 
Utlll wntar without iliUrfcirai.^ and without rfiangi- iii ahafw w in qrienUltJtin thny will 
iwtlli- at cnwtnnt wioeity, A elmnin. in oricnfAtitin tia by n-vaivinp wili eliaiiH. iha 
valui- of A in iho dmK otiuatinn fiTid ehatiRp the volncity. Hat ptirturW mich iu< 
mien Uiid to orient tlii'n).H‘lvi» in burixonbJ platira and her,re to wttTo men sJowJy than 
bulky particU-s of rquaJ rihm niitl <fc.fwty. TIip Ktilinj; v. lociiv of buiky pnrtidM nurh 
ju lUiiHl Kimna » pnrUridly t'liual to tlint cmnpulcd liv Stokn' law, Hiture 30 abowp. 
Mima aaiirrinieiiial MittImR irelocili™ foe qunrU, Kaii-nn, and aoil porliel^ Wiiip««..d 
With VehfritiPfl ronipUl«?d by int^nit nf Stoktv' law, 

M«t of the partial^ of iutrnwt in aotHmentation *tHc ill iho Stokm- law Of Uniwitlon 
rowoii. «nl IJI nawagy plniita wtriw almort wbotiy in tha tmiuiition repotu Lntipf 

f H 3^1 /R lb Uifl b$tDtip£i 












































































tJEiilMENl^TlOX 




fiewiiKL- piarticleft and heavy vurtivateii pariiclee may auLtIts in the tnuiMilioii 

r^lpuCL^ but for the moiit piirt ibc of indiviihxal partklp^ iti wdiiiieftUtioii bai^iru^ 

in bolb water aocl ptanta m witMa \h^ Stokea' law veipirtn. 
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^Sflfteras (tfM) 

fcrc 


wire/$ 

soft grams 


l-i 

■iiTi'Sih 


10'* 10'* 10"' 
Portidi ^iameftr, cm 
FlU, 30 . rplocitin* of fiiiJlielc?^ in R^ilS water. 


Settling Basing. lU-lim van lie tnknfi in fo nernlltil jiu I he dc^inn ^lf si^ttlinp tan km, 

and tht^ method uf itudr appUcoitnii b* nppttrvnl. Fur n volymr or detenlion 

FK'riod. a hortzonhd dbLrihulioo 4 if vtiluoie is preferabU- to one thnt m vertirail# ihoUKb 
the M-onumiriil i 4 «-' of rEUitemlA m Uio hot tom and miib' wail# will prevent the ubg of too 
nhiilUiw a Iwlii. b^pcrimenral thlM mubelantiate Hnaej/s (hoor>^ tbjil iwditnonl teniovaJ 
w iIi-pt*iiL|uut on tank #urfaiv a™ and indt^nwleni of depth. iM'peasinfp ihe depth by 
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Ki:WEHAtlE AhU SKWAdE 

in expemthBiklEii Lnaki* pmjumi iuermwd ^jtiuvaU uf mlidn fcir kUmticml 
lenrioTk pmodii. 

Thert^ an? fm type? ctf hbufina; tbr horisonlAl-flah mtA Uw* ^^rtictul- 

flpw typi, Tk- hiifizanbU-dnn' btuHii nmy Im* nr clnruliLr in pkn. Thb type' 

in niojY*^ CDjniuEsnK' in Amcricon pkiiL?. Kimirp ^hown iki ivImiQnfiliip betwir^n 
totft! FUiir>r!ndMl zoUdii in Uic Acwnge nJid tJiv i^tUiiiK period mqirirvil for itny dntimJ 
ptffteiil mnoviJ. The vrrticat-How imriji m n^cfniptifk^ by ihn Dnrtmund taiik^ whinb 
b imuilly riquunr in pkn. Tht? Eiiinl^tlijnK uinkB nl tin? Berlin activAtc-d-^ludj^ pljuit 
on? of ibi? fyf*^ 31}. The inlel \npo dl^rhari^ injoiie a L‘uiiipArt-nieiit 

rxtendiiiK oevrml bolow the muf^L-r of the Eaiik. The m^woKe flow? dowrnunnip 
under iJib bafUe, And up word in the tniter ^^imparttiM-iib w indir-aieti by tk- umiwe 
111 I he TlKUn?. It like tJillk over H weir anHiOd the outer or iiuker'txlgtis of the 

innlt. The upwiinl vekocily of tlna eewwBe 1010^1 lint the diiwnwAnJ vekcily 

id ihe M?ltlinH |inrUele?p or tky wiU bt‘ curried out ovi^r the weir. A ?i:u^^Kihded alinSne 
lilaukrl form? whiph lo «>roe extent filtcn* the pn^inn upwiml through U, 

\VftimKSow lAokii Are lucd i-xli-iulvely in Eiiroponn plnnUi uimJ ure pnrtirukrly sip^ 
propriuli* for i«wnilur> innkaj fotlowHig filtw or Ew^mOori lank?, hi w hii h il b lUidei^iraNe 
far the a%ygm siippfy of ttie tdSui nt to be depJeti^! by Iotj|! eantaet with tln^ eEinlgt. 

Gn?ms« RceootaI. SkikmipFcr iank^ nrc uned far ihi* reniovuE uf mulerinb eueEi cu* 
und oiE whifih nwi Ih- N-|ianiU‘il by fTotutkin. interfere# w iih the pro|»f liigi^iiun 

ipE ?!uiEge by intemipEmg it? biaebemknE AErEivity mnE euune? cio^ng oE iiiterTLiiltent 



ViO. 31 . Find wUhEig tcnife^, l*ffr 3 ui, |>nrirriLiih| typ^, 

#i»iil| fi1tei> .jr of #oiE in iimieri^juiid druiiinge nyMetn# for n^idirntijiE nr mrtitn- 
linnul ir^AtiTM-ikt plnntA. Ji nuiy Eje n^inaved E>y proiifling j^lmEJow innkM with Enrigi- 
imrffui' APCA wild di-tentimi of J la 12 min, Tiw gn-jki*«^ b u#uuih n'moved by 

#kiniiTiiiiK, ihmigh nicife mfjni pruetiei* cninibt? of blowing nif through Bk- M^wnge in 
tkie nkimminx buikUp b grrajiy fDam thus Imhiik producipd w hich eau lie eiKlkv fon^ into 
Mde rainpartruiini? ar ovnr webn mid tlium M-pnntled from the w^wup- pn^^itig tkirougki 
the rfcmiJuing kank. A del^nlion pertmi af 3 min b wli^qaaie. Ailding a ?mnl3 nmounl 
of chbnne lo Ikn- nij ums\ inenartofi the umirunl of gnints? n^nioved. lrtil,olT f™inni( iKb 
0.013 inj ft of air |jpr jpdinn of f^c-wiip. 

Orit dumber*. The Anu-wnn PuhtiB El^altli AjKOfinlion deliiuv grii ‘.[hn brew 
minomi mini*r liepowted by AlihfKi,{h It b. nuidr up piihei|wJlv *jf »u.cl uud 

eo»l, It frwiufnlly coiitiuiu. tjndt'rw, «ifl« n^wiids, fruit mtob, umi otliitr ro»mi- 

iHNJimimL wbiBb n^uc^bf* lb: timcJcni wwflRMjtfpotsul plnnt. TJ»r pruhk ni «tun iuovr 
lbp«' mBlPrijtb. wbirEi wtrtild niuw cunKhli'rahlit ipuyblt in .ny nf tt»' tvfH.* of dii.|x>^d 
pliitit at prceent tti tw. while k^piii* the liuilPriub muftvtii «fn'.-a, ,,,jwl>lr fhnu or- 
ttanlr rulitmnnd hi ihf N^wiiip'. A itiiunl n.quirL>Jiii.nl in tfuit not uiun. Dun lA ijci^ 
n-ilt of till- i^t f.llall Ja- volfiti].- iiuidw; Olhi mbM>. il will hf lui itttfOHVv lo .iwpow. .rf 
b.v tliHiipMut. «nt otuHnlN.™ ur iiwi*ui> on mmiiioi.ii nAienm und iioniuillv 

AH' EH*t uneti with ^eparale sew W. 









HKniSbfKNTAI'JtJSi 




Tht dmgit of itril chtamlx^rH t<j tfitunv** iHJ>' !^4*i ck*flin?d brntctiiLk id mud^ fwesiblt* 
by ihfr firt ihat ifniuiponinR |itawi'r of it Htrmm ttitli tho mxth power of 

itA vebcily. Tt W ohvioiw tJuit rejlulatitig the vekwily in tt w^tlioK ehiaiifjer will de- 
termiue the piire nod eluinicter of griX OT sniimptil to h*' dppodiod. Kijienptipe ifidiett U*^ 
that, wilh vdoriliii* from n.fl to I ft per ncc, relnliwly rli'nn gril will he de|xftrited, whili' 
thi* llEhtw orKnoie Mkh will by carried ilirrpii((h the ehnoiber, Thid ii? bomo not by ibr 
iifttji in Thblt- 27. T\n^ vekK-ily range is u^, ihereforep \n dmginng grit elnimber^, 

TaBLK 27. VtUltITIEB JtKQrlKLO TQ MOVE PARTICLEP ^ 

Vekkcily lU'fijuimJ 
lo .Mfivii oil bill- 


Kirn] of Mtttoriftl tom, li (.M'f 

Fine cbiiy mid *nH-. . ... * r r * + % * # 

Fine tiflml . .. ^ tl-5 

Fffbbtt#< h% ill in litmneti^r ,,... I 

PebhlfH' I in. in . 2J) 


1 AW WA, itrr Wiarki PmElire" p. iMf. 

Kami frt?queiitly provide for a storm-wciter flnw m? krife an 200 peTwot of the dr^-wealhet 
llowp t40 ihnt the fotal quantity W in dwgn may be ns mm h 300 rN«rrent of the [lt>- 
Wmlher How, Tbiit jfivtw wide ^-urintionF of Velnrsty in grit rlintnl>em^ whjeh pmke the 



Firt. :f2 Hrmoval of fliLHiselnk-il mat ter by fttHlunenladuii. {.StrtcdJ anfi nftii 

Dwptvni/' ^iird,, p. S£t4, Afi7J l^onk Comjmjtif. Ine., lUiiOd 

re^^nltd ief^ satinfftelun. Ill deyJirmiinK Utaj vdoeiiy fmm 2 or 3 ft r« r fii the F^wer 
In i ft or \tm in the gril rlianitx-r. ihe ^m«H^ttonid ib im riNWNJ poHeirtirOimiety. 
TLe di!ietiiLrg?e dividi?d by l}\e velDoity givi^llio erop^-siN liuiuil nreu while the delentinn 
fn-riixl tiiivcs iHe velwiity give* thi^ length of the chHndwTp nr 

F kwm cubic in «rtL»n.. frcl 

Vekieity infivt pi-riwironrf 

- 1.55 ^ tnillioiwoFgnllon^ pi^rilay if velocity w 1 ft tier are 

Tiiblc 28 ciii|ibaj!i*cs< ibc H^eippiK-al h-Ttitk>(islii|i of tlic ovi-fHow rat*- (mj{d -H warfare 
ami) 10 llip rUaiiu-K-r (if wlllin* [»r(it’Iw nmJ Kivw the niTCsrary rfi-wipi infarttiatiun 
for it-ntovlrti; Uic K^' crutmnlcrcd in the <lbi|Hiniil of rtt-wnup. 

(!rit .’hflmbcfi' rJitiuld be iiutil.' tif proiKT k'liiftli ami di‘)]t!i so timl }Btrticre?i of the 
iiiiiiinium siKc to Ih< rt-movid «* L1I w-'lth* lo tlic botlom in itw tciijtlb. Mnlcrkl n liJn^l 
on the Its niwli Hieve wkI woinclinMwi itint on lln' lOU mewh whouhl tw n'liniiwl in the 
i-liaiiiN-F. Sin.-i. tltr hyilrnulir ruiiddiiift v«lui»i of ieni <if thr... .JtiWiicUw atr 3ii un.i 
2.45 ft |w»r min n-wpt'liw'ly, iiifiks lisving I-min detent inn iw-rttwlH, or n iMiijtth .if no fi, 



















































9 /iti 


SKWEtiACE aEWAllB I>mPd«AL 


Tahuc Area nKgriAEt) iter mod njh SidTLijfo (Jarr S’Ajrnrugi q*. 2.RS iv 
FuJWINU W aTKB, VkUKTHT CT TCI 1,2 FT TKil RltC 


Pftilide* xiie 

Sc^ttliiiK nitis 
fi mwi 

Am-fli per 

sq fl 

MeffJi 

Xrni 

20 


14.3 

(L5 

28 


lOrfl 

8.5 

3* 

0.417 

7.8 

ll.O 

48 

0.21L5 

5.5 

16.8 

05 

o.m 

3.7 1 

25.0 

1(X> 

n.HT 

2.4 

88.11 

1.^ 

Os 10=1 

l.3dz 



would littvc dnplhj; of 3.C nod 2.45 ft rv^pectiveU'. KnowiiiK cIie mjuimi rrtMB-aefllafliU 
Area, tlio width of phnmbEr u oAidly dctc^ituHl. ]f the flow in silhor niw u divvlpd 
by the BUrfan* ww, an wyt/oic talf of ^flOD jpil ppr sq ft per day u oblaioMi Thus 
tbo overflow mlo in art imiportstil eritorioii ia the UHTgn of grii rhamben and Mdimcnta- 

tJLiii tJUikiL* 

The dediid velocity is 6btiiib«| by tmij^a control ticetion hwliw the j;rit obambw to 
(five (iui(jihlt< depths of flow for the range of duK-hnrgo dLsigniid for, Vi-ntuii fliime!) 
oDil proportiotuil wt^m are moNl fn^iuently used for this control seetion* In the former, 
the width (jf charalav varies witli the depth in such mnnnrr as will hold Uh- velodly 
c’onstnnt. WitJi U»v proimrlionnl wTeir, I he stiw ugy dwchntjp** through a verlieal pint 
at the lower etvd of the gril rimmlier, the width uf slot being wider for Im hende so a* fo 
nitiintaiii a constant vclm'lty in (lie nietantcular aectinii uf the grit ehamher for nil depths 
of flow, Hcttger * ihTtvcti ihe following formulas for the proportional wdr: 


IS = h/a*i 
Q - 12.WA 

wh*'rt' w wkStli of at any h eibovi^ wr-ir ttrrvi 

ft — W Wfimii I m i 
X « h<*ij{lsl ahcfV^ wpir cnenfe 

ical dlm-liarii?^ cn ft per pm 


(laj 


Aclual Q “ - m\ X is.fkftft « 7,^hh 


(la) 


To ilmign Ihi^ weir, solvi- for h for a ouitahle A uod cninpute values of is for whited valurt 
^jf X. 

Addilionai deptli is necemciTy for grit stomip.. Thjs Btornge depends on the ouantilv 
of gnt fw-r million snllons nitd the length uf time between eleanlngi. Jihallow grit- 
storogi' imniparlmentA prevent a elow-moving lower rone in the grit clurotlsn' where 
orgaine matter would be deposited with t.hi> grit. Tin- bottom of the grit diambcr » 
u.imally *to|xd to one end or is fomwd Into a wricc of hnppet* to fneililate drainage and 
gnt f 'x^val Tile design will depiTirl, t*mme esitml, on the method of cleaiitiig to be 
erapinyed. CTeaning of small gril ctimnlicft, UfoMULmlly done hv hniid; Imt, at the targrr 
plant^-rlurtorw. ehittisticll or other type irf burki te, or endl™^hain bucket elevuiom 
are used. Tile tanks nre huitt with two or nmn7 unila ao that any single unit mav ho 
cut out nml eieaned while the total eewngc flow is eurrird by the otheiw Provision 


J. 1^"' Vd«U* OsitnUei] br Panj«ll ir4j„ W^k. * 

«itFroiaii. k, V.. A Pmpsnwh.1 Fig. ww. Ks, A'*,. 7,, ^ Jgj,, m, imi. 











iifhu|JDdaaa3 aii(4>i|r-n 

dbtfK 


fim 

i 


#1% 

& 


!? 

If 


e-57 


^crtpriiql tlttql^Dni IttrovgA grit vq thing; tQfnp4rtmin| 
^4^ I'ho L>nrr tk'tritGC. 
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AN IS SEWAGE niSPUSAL 


plinulil \m* for ti:GiiuvitiK thif |cnt £u* inpiffly lui \ f n tv'll mil 1 ^ 14 ^. iinrl h I'lfHrtiiiii'r ji^iil w 
obt^jtini whm* pipes nn? nvaikbli- fur dmwinE iiff ih*' «iJ^ir nuitiuiL in dc^wn Eiirinjc 

thf tflihL. Dmin^ iirL^ aInd plnirfl in thp ^j^ttnin of jtrii tiLnmbpm fur ilmlnitijt thp wqitf*r 
fjut ni thp j^rit, and unnulbifnrUiry Hlt^inpLi havp been uuiilt' to i-lmn jrrit elmmKnrp by 
f^uFhLnif (Jk' fuil thmu^b m^h dmirat. 

Tiui riunntit.v of i^t retnirviMl vnriw fnam 2 Uy iSfl ru ft \wr ],0(10,000 ^\. ituanlitif^ 
obtiiinivl nt erne pljkiit nkny vary wkiely frotn Ltirh^- nE tmoEher bernuite of a ptrpEt differemi- 
iii the faotoTiR nffeelini; ihr nmo^iial of grit nywived. Tabk- 2^1 |dve? tlir ntnmiut of Erit 
oblniiiiKl at KH-vefrtl ph.uU whh vmIuc^ rnngiog miijEhly fruiiL 2 to 4.25 m ft pr r 1 ,OOOhOOO 
grd. At I he Ck-velatid tjurterly |>lAtlt, 0,1 pu yd r l,000,i:>fJ[l gfii wait for iJeHigii 

pEirpOw. Thii liptw-ei^fi rk?nritlig>4 VHri44j m^niFldernM.V hut AVeranied IB At 

Ifkr' fleveln nd pjjiijt. firit deptiflted dijrinK periods of nULxIllllitu mirkfal], and I he 
nunibfT and timw nf elpaniiig deji^^d to a jp^n h xleid no thi'w-. When timhwnl ami 
fsucketj. I he gnt obEaiHed ml; Ck-^nelirnd weighr^l gS lb |M^r en ft nlid hud a epecitfie Kmvity 
of 1.36 foe ihe ob n whole or^ on the tutnis of 3o iwri-tinf voislis ibp gmvily 

of tbe itadiTtduAl pArlii-k-v would be 2.0«. 


TaMLE 2ih QrAKTTTlfcLS ftp GbIT 


Miiniri|iAlit3’ 

Gm romovttds 

ru ft fP'r 
1,000,000 ^i\ 

Vnjnl iJe 
matUT, 

Feririd 

Fitchljurg, Miihp. .... 

4.21 


0.^ 

Wcirres-UT^ Mtuat.. 

4.22 


JU2<i ll^^i 

Koehtwier ^ (Irnntleq unit plnn t J. - 

2M} 


IfllH-llJSfi 

Clrvelaiid * (l‘litHt4?rly pkLEit)».,. 

2.0ft 

20,7 

1023-11125 

(W^'sleriy plant)___ 

Tuioiito,* t^nt,.. . . . 

2,00 

3,2 

ll>. 1 

£0 1 

tS^2^-1025 

KitchenfirnMlnl,, . 

12,0 

InufTendvi' 


St, Tbuiiiiui/ {>n|... 

3.0 

2.5 



I Oiii-clmmbcr A!^E, niL UJ. m rf IKST. 

Grft-rtmovtl MKhaniams. Meclmnibrna havo bw-o developed for Mut iny I he 
mjd cMl nf KFit-TomovaJ btrnetiireA nnd for inen^ing the oaae in itm rt^movnl and rlean^ 
ing. Kiguftj 33 ahoww the ewici&luil fleiaile of the JX-lritnr (Dorr) wJiich hiu Ixvfn wideh 
for thin optmtlnn, .Vdiunlnble vanwl an? umJt to I uni the Bow of liin^^ininK «S^ilKe 
at right difniigh a wiuart- lanl; whieb in nuito ibcillow heeaiim^ of itn nhort flrEentjon 

rn^nwl anil for prnfitieing rapid ni^ltling of the jErit of 65 mi'flh and larger. For ejuminle, 
flow5i of 4 to 13 ingif ran lie haiidlid hy pet fling ronipjLrlmentjs 3'B' ifi-ep nnd 10 to \Hfi 
b4puue. Hotaling move the iM?ttlnJ giil into n happT on nne aide oF tbe^ tiink 

wbiTf^ it PM moviHTl ii|> iL blopingd>ottoiiiH chhnEiL-l by n melpmeatinic motion of tlie fake 
rbowti in F]g, 33. Thb agitAtion aSpo wni.h«. the hghEer m^nie n^atU-r out of ihe pil 
Omit lenving |l rJean enoiin^i fnr upe mrmmd the plant for filling or for rttdewaJka, rtr 
TIm? woiionuc niivnntapiof ibi.^ Eiqdpmint ,?ontnLdiHJ with the grit ehamberp hereto^ 
fore rk-PCrtUd an^ obvinini, 

A«TKlepitw (Chicago Pump Co.). A mopt' n-iH-tji {|i>v<'loptiiivhi in grit iv-uluvaJ otnj 

hM UN.M1 lUttudM^i Whk-h i» ..opubk of mun. RCCLlwirlv rOlrtnjJN^i, 

Thi.fi t.i lho v^T.il.’gnlar Wtiirh » It oombiiuilion at tin- rtiniiuiaiilor J...d ifril iihointK^r 

Uhtrh horrmr^ m»U. Kigup.. ;w Iho pUll al..l oiovotian ftf 

o MiiitU Uiiil (0.3 to 0.0 Dijtd rafjjwity), Air a furnwhod ihpouKh Uw .litTuw r tubes 
wtate Uwi «w«Kr rnleriiiK Hit ikgriliir. Th» «-niho tl.r sond Mltioh then wtiks to 
ihr sloping floor whr.i«i it » ijat 4 > hoppor by Uir ra(*tioft.l mnvi-inrni of the 











SEDIMEN'TATION 






Sarifl far 






SflCt^ A-A 

Fio. 34. Afir-DtTcritflf to writ rhmnitHrniv P^mp Ct^.) 

ppwjitjtt nn r)f»>mllan tn^uiklty miuirt'd unlf^ Uity m-reoflod out and honried or 
IhuniPd iifttr dr^in^ The cn-ratitr lufje or tubpii can Ijo Itflwl cltTnr of din for 

I'iniininf nr tii!i mquiitHft. 

Design of Sedimentation Bogins. Tlic Haptic taiik woe the Jii^t icdiinnntatian lioHiii 
duvi^tnpfMl for iwp witli q»ewn|E!i' wlikli iiliJii;^^ hiochemii^al activity in thn clijtc^Lioii of 
n'>h;ikb wiidv OK jHirt of the treatniinit prort^. This eunsifllKl of a «iiis!3r cdmpurtmf'nL 
in iihiGb thn jmlidt jH<!ttli>U to the Vfhcrt* l>wr tuition »f nimcrubic UicUtill pnhluii?d 


In tbn tank. .411 «and of 0.2 mm (65 ineidi) and larger Iti thlu vitkdhnd and fluHbiHl 
into the tank hopper whence it ean he removed from the- unit an Tlie unit i» 

t^^niedmiiii foOowp^l a mnimicmtor to rhop up tin- and nni^nic PM>1khf in thi^ 


CoJiffo/ sfonif Aa/ 

fevt/ / 


^Bottom 6 f 

i^ffk 


fpt cpmmi/ftifpf 

0ir /fflf Sfrfiff 
fpr gfff 

Plcn vieN 

^ /itor far ffYffffg fftrgfOf 
/ far 

^ y’^Stpp 


Oraiff 


fCi?ftfr0^ sMftd 


rap pfmt^r 0m 


- jr^ - 


I _ ■ WhMflKf j X * J 

^ *\ * / ■ !. i—^ ^ 


(faAprf tfr<fjrrt ^Cpmfft/nufpr 
.far cft?«fcffarr>r^ AffJ# J/ 


Vfjir far 
i£i^y 
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SWEItMiJi ASfJ SKWAOE DiSPUSAL 


eiia» wbich tiftctl thi‘ Hindus to tht ^R4^ftw.H^ wh-e^ict^ if thn hbj rmild pMa| 3 P, it 

to tbp botlcsm, Thilfl thp tion ijitprfpriHl wilh ibf pr^tn^. 

To owurci (jLTpPit^r nflidpRisy, li^itli far Hr-tninpt ntitl fnr liJudipp diction, ImholTdpvpIoprd 
the twcHrtop" tniik Imrinfl Iju juutip, in ^ hirh llip upr^^'r- *'*“ fhfiA ioK-lhrTnigh, eDUipiiJi- 
ropFit# provided the rniuinxl n^liiTumlAtlQJi eapjicril y wliLjli' I he Iovi et eomptJimeril 
tiiiru*d l)ie EO^JItileiit nr sluiii^e wlijeh fV-ltlnJ ihraiiKh itl tJii' hnp(}er k»ttOtii 9 i Ilf the 
up^r E'^}4iirnlier und the ^levi'luptnenl of the n>Eii|itiiiri^ bertt lo its 

witkfaptorv diKP-rtinn. wiihonl i(iterft'ririjg willi iht^ rfe|iliti|i pronw in fiie upper rom- 
Thin wiw nn imjrKirtjinl titep m the liei^elopiuenl qf effieirnl «*wts^ 
ineoNtinn, but for leuMkriH or reonaniy jihd uirreaMHl effirienrii'iiv thiw two prvmm 
Here Itiler further fletisinih'd no thilt ptimht pmetirt> favors the miwtrurHOTi of E«etl 1 iiJ 4 c 
EiAokfl or elnriHenL eotlrelv friHii ihe Hhidio- iJjiikfl nr di^^slrr^. 


Tabuk so, KswKNmL Data on fMifoee Ta.vkm * 


ItHik 


■Sclaptirf' iM ly ^ 

NY 


T^h^tlr^■ iKipulHtifUk ., , 

niHfirlirr \M irilfiiair: 

Kljipr. fiiifti . . 

Vf vainhin^l Bnntra 
ei rrqath ‘ImCMprAdxd. siiJMhl. liiEMi] 
rwhnrt».. 

lodiiiflrii] ifrula.... .- 


Hnnibm trf w*\tf Mkt'PO'p 1'1‘lln 
Trpup#rttltirE, “F- . . 


pnhtiwHiimry tr 
HrrectkLt^., 


■ULicaat; 


t*rit rluiiiticn., 

ImhofTtUiki; 

fkditnelrtfltinn p<<nod, hr. 

n^rtii of ujiftj! 

Tfitml niukaitJEn wm|ji;<r ■ 

f^ludc^ ^DcntKriiiiirpt E 

D^Lb hf*lflw |4atbc oJ mloim .... 
IJnpih Wtiw lH-iD. hwjtmS teiw. . 

of Invrtil jirnnt tr( uVrri1<*w 
tirfqm' IS-in. firlitrml roffiP 
DrpCtt |«](iw cnrrflmi lii iiiljttrwtiii 

HMiLlikKinml ..... . . 

Cu ft pfl¥ .. 

NiiipliPll tiF Lt4i|irn.. 

isl illlrn»miiiNnn«T^|Hin 

fieuTu Kqu]«rtHw.tit: 

C4 ft ix'mpkK.. . .. 

AriBB. Ru mktPii imtvrtiimv of %tTt^ 

•o*. 

Hq ft |»ry ™ (t ■!uff^- iikiHrily 
lArtllkCiR, drpciBkHj teliiJi: 

Lb pH i'tv pflr eu n w^\[4to Mbil 

wmi¥ . 

imt yrMW |trr (i iilii4j||n pg 
U. per > i»r ptf «l h bIlhIp, 

■fu-r d«dU(rlib« lA^in bmtnl 

iqw-.. 

Lb iK* Jfrur pur tv fl imiik bj•imm' 

LUfj^ ST#r iwf M] IE | 


fth.non 

a 

14^ 

FtriL., ipinkHi- 
PrvrUrMjJy 

lUlfti* 

m 

(1-imi 

V4 

Mu ni.T 

CuarpB nrk 
Nuhr 

t1 fl » In 

0 ri 1 in. 

4 fl t b|. 

j n 4 hi. 

2 It I Ih 
1.4U 
H 

PbflF lS fi 
iivtnniT- li^PT-uiiiE) 

074 

14S 

0 004 


HJt 

213 


ao.u 

40.f 

M4 


I 'iBLnftr-lliJ 
M J. 


-io.ciLm 

n 

lilfl 

Hlk\r 

Pru'lkfAU)^ 

WTjHt 

3K 

+4 70 


Fkltp M'nvJM 

Ui-IEL. Hful 

Nunr 

5.4 

no b. 

H rt 0 \n. 

7 ft « In. 

5? rt 0 lb 

■V fl a in. 

I 4V 

St 

PiMrf (uEetiiiiR 
Tit liy :!4 kb k 

n.72 

1-14 

nm$ 


10.4 
r5 A 


T/.l 

474 


intriihiif». 

Mu 


a 4 

Cuailiibinil 
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‘liimT. luJutr'r.nkp hFumi fu, DiSf^wrt in W,hjivnj,, T^h,. H.IPJf, vnl. B*, p lg2, igji, 

FiKUi« a.% and M nh.pw ll.t-wwt'i.tbl of dnular and m-tansMlar mlimt-nta- 

ths cirrulsf twdn (R*. SS) ihi- tin wnti^l wdl wlhcr 

through an influrnt ptpc- ]«at«l hoto« the lank floor or at Pomn higher lotion iari,fc 
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SKWEKACiK 


thp. Ifink. IL djiiCil'iiirKer LlU^d« h cirrii.titr wall or iiftfEr wtijrh PK'rviw in ijvtribulr llir 
hqnKontally ftJJd vurtimlly rntm to tliA flrjw raiiinlly townH lb* nutrr^ 

nr wir, utlUiiiiK vm j?rrm< H depth d" thr Uink ns peWMhb «itb>ul dieturbijiR 

nr picking up hAUIi^ nlmkdy hi Uw latik hatlnm. Th*^ hvt^vwr mlHif- art iU pixAtM 

niMir thp rrntrr of tJit Uuik whilp t\\^ ciccitwing vi‘W'il>' thp pHliiMit wdr at thp 

tnnkV nuU^r periplipry permit# ibt- nc^ttemitit nf iucrtMiidiiigLy niWl #Uf«peEiEiE!d particli^. 
Tbisi t)T>c of tank givw a iiia^iTnuiiT k-ngtli erf wi ir er«Ei, reducing ihie vrkkrity of 











WA/ptf c^anftf^ 
\ 


Kin. <’341, Stulhi* tsiilc witK MnL-lwIt iluiljif tYJlrrlDr, 


iifipn^rhiiiK H'wdfP' lo 4 Iiiijiiiuum. Tltr i.lu[!jp- mrrtrd nvpr ih.' *Tir if hIiki » mini mu in 
for I he ilrtcnUon ,34Tiocl t-miiloyni. In ;iriiimc>' cldriliura a i.||iiill„w: locntH K-vt-ml 

innhi'!. iiiNidr thp wpir hohJM imek or olhpr Hootinjj nnitlrr to he diwtutrgttl t)V ji 

niitahip akbnnirr throuRji» w|Hu-itte outlet. Tht ^tlcd ie jmshpd xiowlv tonartl 
n i‘*i]lral fIwJkp lioppof wbum-i^ it li! jiuinpmj fH‘<|m ritly or continuously to tho sluilBfr 
dilution tjiTik#. 

FiRUrtt an shows the inlot and outlet ArTangera-ol*, iht- sluiljet-n-inoirinit luochnniim 
ond lioiJEWf, unit the M^'um ttoui(h fnr n tiTlimfular si'dimeiitatinn bosin, Tlie nernpcm 
of the #ludi(ti rolh-rtor pwti tht' sludjee slowly, with h minimum of dislurbunw, to the 
hopper lit tk‘ inlet emi of the lank while on the reium trip, tlim- itim? Krenw and nnv 
Olhnr llnotinit nuilerials lo the Miim ironffh, \t1ier« «vcml unite■paii bt^ btiiH mih conj- 
inon divvinn walls, ik- metiniKutar tanks require lew mpifPOte Ikni do the idn-ukr 
units. A uniform vdocily throimimm ik. IrnRth of imvel is mother jideanljut.-, To 
serun- iulr<|iiiile lenKth of effluent wrir for n bw Vi^loeity of opi.mm-lu iin H or iniiE- 
tiple uiir ts usimlly mjuired. Both typis. of la-dimetiUlion bmim. have dveii satL^ 
faet<ir>' OEK^rtiliaK rpjtultii afwl bjp nidi-ly u**d. 

.Serli nientjition jn.riwfc of I to a h r urv eominon, tb- nvemui* beitiK ahsmt 2 h r Shorter 
penixb n»> b(' used for coar» or hnivy solids, where foUnweil by efflHent b« oorLiry 
irestmi'iit, or «kn> n moral of »lid» rather than tJOD i» tlie rwitmllinjt factor Over* 
How mti-s of (500 lo 1.200 gni fwr sq ft of tank eurfaep wr day are lued 


tikuy 


..... r..« i,,.™ |.R:r ap uinK jiurij|jep per dav are iukhiI 

Effleiency o(^e^«taCi(in The effieirncy obtaiW in plain settling Units 

ly lie mooeuird hy the removal of atisp-nded w^ltde from the mw scwFi*e. The tolal 


wnded Mlida our reduced by SO lo T.-i pcrty-ol and the »ttleabb Huapt^mded imlidF 
by (W to BS percent, wble the liOD ie teduecd by 35 to dS pement, The reniovaJ of 
hneteru apprcmauit^^ limt of Ui& mjfpaniied ftdidi. 

atP of removal of lowpembd matter in eeltting UnJo. vari™ witJi ik qinmtitv 
nod with (line, tmm Fig. 32, a 2-hr Nettling periM would T,.n,ev., tkMiereent 


uf the rUFjwndnl sobls wh.-tM (he ionuwl mnloim-i lllft |,j,ni id skid./noil 































il£l>lMEXTATION 


0 


^2 frmn ati Ititluffit wiilt llMJ i^pm. It k np|»:ti¥Ekt nim tliAt vpry little nddiriortAl 

tualeriAl wciulU bi- renioveti by Inni^r pctiodj of «etllinK anrJ tlwii njffft of thi^ wftllmK 
iakw ptn<^ In the fiixi hmjr. ^ ^ UM-ful in ef^timnliTLK the amnunt n| Hilich Uint 

n:i]] [m remove*^ fur f^ehrHl:^ nnd rtveii nmiHintu of FiP^x^iled nrilidi^ in 

tlir iiettlinje tiuik Itifluonl. 

Tike ikflvPvntEiisi? ihe miimentntinfk pm™ ti tliiit iE v fkne fil the rheariwt imd 
«ita|ilent iiu-ibn«i^ fnr n-niovine the hwivier nr ecuLTHpr Miliil?. It in ft ijrt pftmttft-y imietm 

rndter thftii n totnl Itiratinent, ftinee the linnr piefWikt either do itat F^ ltle at all uf 

take loo loiiK It lime fthd require loo hifire a wtllliiK taiilc to remove them. They ttuiy 
Imj more' efT^Hitively tn^Jited, therefore, hv Mtne othi't ttirthn(L The di:^dvanl:ft$^ of the 
hen in tjie nniet^ity for larffif to o'liiovr any nn^^kt (iiiAiility of the finer 

nULterlftl}^. Tlie i±iJiEe tjiliiii tit ie^ of nIutIki' prcHliteHl itilitiiUk ft hi|th inoiziture dOJitellL ntnl 
pn^Liiw further Infntnii'iit l^eforr- ll«»y run Iw^ ilrii'tl ei'diiomiralh' for fiiift] dinirOAd. 

('limp tlie fnlloirinff poinlft m ftJTi'elinif Lhir dffripi uf mlimentatiun tftnktc: 

L Set till]); tftiikn almahl lic drfffi^ni'd on ihe hasiit of overfkiw ralf^^ J.n., tJie netlSirift 
vi4iirit v of the nmallefit |jaJ-tie3e iheoreli rally ti} lie reinovt'd 100 pereenL 

2. Lh'letitiaii perioda* por Be, itre Imnioiefinl; in lunj^ deleiititin periodii iiiJiy in¬ 
vite myplicityr 

I'niikn rhoulEi In* no di'ein?r I him wilt hi* rrvpiiml to prevent frnmr ftftd to ftre«>fnmo- 
thifi' eh^nin^ nnHdmnifita. 

4. Tniiki^ should be Inn^ anil nnrruw In nunitiLiiEe tlie e^eeU of inlet and outlet di»- 
turlHiiieH?*, erowe whnbt, dend^ity rurrentei, anri lotiijituiiinijl mbdiiit. 

Effect ol CompftCtioiL an SetHmc Eate^ f .amp ejirrinl hia riudU'^ of Kuqieni^icmt* 
U'vond HnJteii'i^ eDuEj-iljuitioiui by ih'finirjjc differt^nt ikicirei^ uf i^oruKihdiktion niid ^wint- 
ititt uut llieir tffcM-tr oo HHlIinit mles, lie itiviik^rf i^ltlitii; into Uitee Rttefnsries: {I) where 
the denriitv of Ihr* nma^ of M4llitig purtirln* tr rtieh lltiit then- h* no iiklerfen^iiei- tie tween 
ittJividwil pirtirhw; (2) wdieie hitMli^n^ii Milling Le.p jHirtielw interfere •rann^wliat 

wtlli tioetk uihrr'ii ffw mavemetil (aoliiijri Hfriiter thnn LIKKI (i-fiJid; imii (3y w'fien* f^ktidH 
lijkVe euminjiele^J tu idw^t 3.fM10 ppm nr 
morT and a detilllte ?nirfaie of ttw- nludfe 

IkLmket hiui furmpiJ, FiKun’ 37 illiifttmtefi 
tliir KT^HilUal etnisftiidnliuli of j-jrfirofrt/ 
wltaiijr l EnrinjE wllU'h I he Veloelty of c‘i>Eh 
Mklidat.imi haji stetidily deE'reartHl. 

Ulirti^ thr ilinri^tion of How^ lioriKonlftt, 
thr M-ll]dig Vi^kiiniy of a paftirle whiidi 
jusi fnlU ihriHjgh ttm ilepth of I he tmnk 
ilurini^ lift pt‘rio(i of dotenliim xb <tiik?d the 
^^tkverllow Parikiiw hnvirij? wt- 

thiij( veloi'ilieri irn^leir than r* will .n-llle 
i>ul while ttioiM'' with IrA* veloeiiy will Iw' 
removtvl in tlkt^ nilia e/t^. 

Chcmkal Prccipitaticio. 'Hu- pmi'wi nf 
M?^linjeitifltluii rati be liiutteni*^ 1 and a lariti^r 
aoKiunt of the fiiH’ materinlH !ieith>«l out 
hy ehemieni preeipituliuii. The mluetion 
hi Hf>l> by i-hemiifftl pna-ipllaliruk iw 
ntwjut 05 to 70 pemnt. m ertmiiftmi with 
n 45 to 55 jien'pEit reilurlioEi from plain ‘H'diiiientattoti. The rhemiralfk adtli’d are 
I i 4 ^’tmilyt<v whieil, to h' effertive, ph^Juld cSLrr\- thi‘ op|)ci{iite elrf-rtrie eliiirKe fmiii Ihsit 
of I he eUjfiM-iftliiti Mtlid,". Tiiw eomhim^ with the ((u^fpemhil mtiiln, ttoLl tlieir pnTqH- 
talion ilk fjieiiilJit^ij- Ijnn* i^ mml fnviurntly Ii!*ril for ihU pnrgi^iNii^ Jimt iii* fti-lkon is 



h’rn. .i“. Effwt of compneEkriO oh IW nste of 
itrttLtftK of dudgr til wllhnjr lnnk»- 
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SEWt^RAtlK ANT> flKWAaH 


HioHiwhat more eompk't than intUnHtetl by tisc afcioXT^ «itAti^inent. It adjiyfUi thi^ nr 
hydro)5C!n-ioii i^adnniilniLi4:hii of tfw* Ui tbr- ran^* for iru&Kulntbn. It 

nt^traliini tbi? rkar^ on the eoJkritb. Ll alnn rnrm# an unanliible prtTipitale wliieh 
ecllectfl c^llt^ada by ndnorption and them oiit of tho m:wa^ m ft M>ltle0. Tliis 

nKithod laf the amouiit of removal by }*iHliinjenUitiDn b r^tppiwive hrs 

rati** of the larsgp of rheJid^^ iiw?il and ihn esttremely taj^o quantitii^ nf 

produwd III iiddiliod^ to rEimoving a larit^^r porcontage of iitJiponded j!oLi:dfl. 
pcKifid of nbpraicsiB would pro^Jitcc m lb of added tludite aaFumlnpi a 95 penjeol miwpiurr 
cdO U<u L, 

(!!lw!inic^l pri^ipilutiori wiw at one time ui^l al \Vorref?(erj and al fhMviilriLi-i^ 

H-L+ but wnB later nbandotkcd of iiimtable effiu4«rit and the espt-jiwi €if liniidbria 

the larse qujintilie*! of MliidKe prodiiecd. About llt2U to 1930, however, thw riii^OkCHl 
to tknuLx n'Oettrd intcnwt with tfie inereiirti* in the uijib rnacding of pn^i ipitatkm 
pbenomeriEL ami the imptaved iw^thoib of riludp^ drying. 't'Jie present fuarticni of rlKini- 
cfll preeipitalioji ia to aiipply trvatiuecLl JutcmuNilbte Letwef^n primary amf 

i^omplc tc tn-atmiint. ll b aUci uwftil whore then* m n 4H?iiitorml Dverlondiiiit of filter^ or 
other uidlji of the trEaklment pUnt where jiddlng raptirity to provide comptete treatment 
would tio too esperunve. \ nunilker of pKKt^tMv hflve boon devdof»e#i, eaeh hearing the 
invcntdr'ji iLatiie- 

Little removal of diivdveti aolidf oceurs, nor b the niuovnl of ftdJfriiiftl hiiiieniil 
romtdeto^ The ontnent rontainfl line turbidity and is murh inferior to that proditefnj bv 
line oiddal inti pmniiwa diacitwr^i be]f>w. 

Chpmit-iib iiliiy an im|MjTljint. part, howovor, in ihe tn-ntifiniit of varijuifi unliwtfin! 
wMittn (u., fori'KflUipJL-, in tlie rpnii>val ct eniiHc, in tJie pH i>f *lu.Jf5{wi*Kwititin 

Innlut for incn^iuiiij; llwir ^fftricnciep, and lu ■’onlrollliiK ihe pH in *11 etimw of the trral- 
Uiftnt proi.vK^'a' th orditr tq gpl ihp maximum i>ffiripricy from ihuir opomUorh. In far 1. ni l 
piifitnt \* h very important. chpmit'Hl opcmlion nt ail irpnimnnl plnnlf. 

oxidation processed 

Sedimentation in uj^imlly only a preliniiiuuy opcmlion or the final #taii in stwaw 
trMl.mpnt. It m^y nniove from 30 to Vy porreni of iiw Htj]> of thn peujtjq. and ihns 
Imvw (ippmsimatf-ty iwotliinlit of dip osywi-o ijpimml to ta- rapried hv tho rweivinii 
ttTOUn. Tlip mpidly incrpadnit fKy^I n flpnuuidi ilial linvc iipnn plui-iiiJ on rwi-ivina 
watam (rivpni, Eatrsi. ami Jwrimnt), tiy aomwlic a-waKf imd iinJiwtrijil wwtpi., of w Jiirli 
numy ivavo vi-ry lariBi' ripiuontlM. u toqitiring oompli t*^ ttvatmpiit (podiniuntalioo foliowc^l 
by MwmiJary irtiiitnpnta puph an filtration or (hr oolivuliilHiiyDigB ptowj^aJ in onfir to 
proim domioittc »nlw wurtPs frora ia-ing pollutid iK-yomf possiliilitU of m-taim- 
linn for ihmt<3ftie um by exiaiing waUr-purifieftlioa methiKl^ 

OxUtiitiqM is tins brpokiOK dnwn of tk. urtsanir luilirL. into rtahip onpinie or miiipral 
■■omiwumk thpough biolosiral optiTity in iLo pn^jiw of oiygi n. uf h.p phpmii.al 

rhang™ taking plan, in ihb |rtDcrsi bftVP almidy Ikp,, dft^-riUd in thp ifiwuspinn of ihn 
mlroBpq oydo. Tbp oxiiliilion of i.ttpbohyrfrHtpp follows a wmowbat aimilor nrwfaa 
IXn'itI oxnliitmn of upwagp by nrtifiptaj ni-ntlioii ia too abw far prftL’tipat uw- nwriit 
whph- toiidttioiia favomhlr to liii. grou t b of epmUo bimioria liavn fm-it ppoio.jf.d The 
OMdjtlion pnorwia tirimunlly foM fr.™ tk anpinwwnt orlow which mmomtiany aimprohir 
proceflM'4- 

Uetfaods Of OndntiM. Tim olifcsi miiiatiun p™,^ u, iirijoiHon Ji, tht, at 

Ipoipl to ii« higkr mtps of tn-almpiit iLoti nro p««obh In irrigaiion atui to hdmrc Hip 
jiroa MCOMoty, intormittcnl auinf filtpm wi^tp <|pvplo,»d, fotlnuxd InU-r hv eontapl i«da 
ortd ineUmji hllort. Morp rvopntly, Hip ariivatid^migp mPthod nf j.;wa«o JianowH 
hau ppptawd Hw oldor aotf l(«w oflii-itni nwthofU to Mto* psient, 


OXtt>ATIOX raOCEiSSES 




tiriciticni in widi^k' Msed in tlu* ftiiUHl bul itn Km li^n mom rxiarvivv 

abraafL Hnwi‘vi?ri ojif* of liu? LnfKi- i-kltf which bm been quote^l nfUr m an 

cjLtmiple of ijisipwtal by irri^tlon, ifiiuttMl Ui iibriiidnn llmt niolhniii and nmipleli-d in 
1^31 the first nf Hevcnti miideni ffip|KitNHS pikntx fw tt^tiri^ itf newage. The fertilmn^ 
value of ^iewfl(l:e w e^nKHlingly HJiiall, and thi- uiltuf^n prei>rnt h aot UMially in avnUahle 
foriii htil rwiuirert i^imSalioti to tlkc nit mb' rtciiee before being useful for plant (cro» th. 
The principal advnnlnKPfl in Jrt-waj^e irrigntJuii ™iiie front thi> value of ila water content 
njkd from ha reelamaUon after such uw, fnr mph'iti-liiEig local ground'w'^iter aupplk^# for 
irriipiUoEi and mduetrUi Where water iw m j^hort ^lupply ub in Jierliii^ thi# nn^y be 
the tuiaaL important n-aium fur dbpCHiirLi: ^tf .-^'waui- by itj* moj- m irrigation. It u applied 
intemdltetilly in rales of o,O0tl la 10,000 gtd pw-r arrtf pt-r tlay, and the soil v pt^miiltod 
to drj' uvit belwcen appltfationti. The eontinuouK natun.- of thr uupply h a BCinDU:^ himdi' 
wtp^ Muh' eIm? jiewaiite ha^ only a M>araiud tii-cfulikw fur irriEatjoti |iur|ioi!ee. IHMeukkw 
iilfifl nuiy urye frcmi the cIo^eir of the b*mI by or f™p in ihc txwa^, and odotB 

nnd flie*-! ilh? iometlnie^ proclnAi-c'd in ttunblesome qunnlllie^ t^liaiifface Lrrigatioii is 
fn^uKntly eniployed for tn^nlinR n^dential or hediluliorutl aa ileArriljed on 

p, y-iMh 

Interiiiittaflt sand fil ter? wen* drvelojird in EngloTKl in JSfiS-'lSTO and in MBB&aehu£iettj& 
for inereaninR the efficiency of i™i ment obtained In IrripmtiDii. Sew jige is appliini to a 
prepared nTt*n. which must be «mdy in charatter arid from w hirb tin* surfaw soil luis tit'eii 
removed, Tlie area Is divided iotu betk b>' emlmiknieiita i^Ee^lnielcd of ihir stripping, 
niid onderdndiifl from 3 to S fl in di'ptli are installed at dislanciw of 20 to 10 ft aparb 
Tlu‘ H’w' 4 up! in disttibuled uticai the iaEds iiitermittcnUy thniUjfb dutne# or pipes at rateu 
*if hAOcXJ to 100,000 lical |>er acre la-r daiy. The lower rate In for raw tesage, while the 
higher mte ouiy bo obtained with foltli'd s^wnjp.*. The f^rwaRc in apptled to tltc tw'ds at. a 
rate of I ni ft \n*r eec for eae-h o,000 aq fI of hller area and ia euMcient rloses to ti^ho a 
depth of 2 lo 4 in. lids i>k:'niuin n rwt period lMdw4X'n diiwfs for the air which follows 
theaeweige down tlsmush the iied to oiwrbt in the ovkintioii pn^n^. InEermitteiit wind 
hl liHTfi fM^rfomi their functien tiy straininR rait the ™Twpr anlids oq the surf aE-i^ of I he 
Isnl and by oxidkinR imtre^'ibli' nailEer by |jn<derjul aetlvlly in I he voida within the 
lUler. Tikis L** oj>ft of the luoel. eihrienl of st wnSEe-trnatnieEit prcirh^eS, Uh the renioVul of 
i^llSIH^lKltHl and nrjpiliie iSolida llf fToln iiO to p^^rn'iit. Tin* efIlueiiE is ehair kihJ I'Hlurli*#^, 
tiioug)k fHtfirs frnin liu' befJs ihenwlvi-tt may mniw? irouhU-. A nait gmduiiLly necuinuhiUv 
on rhi- imrfni't" of the Leil ami renninw nmiovnl about onw a year, f.lpemtion dilEcultli>s 
may be eitperk-nned Ln some durloR tlni winter from ice fornmlion on iht' surfiict^ 
nf the fiUer*. This difEieulty naiy Iw ovi fEomt' by preparing rhe filter with fun^iws or 
mounds to Kup^iort ihe iec covn riiig so tlmt llir H-wnge nm In* ilistributed iimler lb 

Contact beds are ifkm;Hirtn¥Mi(> arranged in parallel nr in sc™, fiUnd to n di*pih of 
a In 6 ft witb broken stone or othfr ballusr, usually from H lo 3 in. In aiie. The w waRr 
ia dellvert^l to the lieds ihmugh pj|H* disTrihutnre loeatcd below the filter curfuce. The 
bed is filled to o point iust below- the surfai'iiv tlu' sewagt.^ la^ng left unexposed m that 
Mom an* nnt pkktd up by the wind. A piufifi-ly opc>raU^I emitAel IxHii should la; relu- 
tively free frcink tulnrs. Wlnlc the lanl stamb full, stHbn>tmtatinn inki-ii plaw in the voids 
Nnwreo the ntoncs;. and pnnjo iif the enlloab an- rt*nnkvi-r| by (VimirkR into mnlnet with 
the bneterial gi]n1innU4i nwitilig on the stuni-i^. After a suifieienl time for this proc'c^ 
hoc been allowinJ, the iMida iifv empiJc'tl and pt^miiitivl lu ,HLiaiid idle fur 2 te fi hr. DurinR 
thb rest period, oskhitiun of the origanie HH^lidk^ nuiLainiuR in tlie U'd tiike^s phin\ t^ vi-ral 
u;nil.s arc requiredi eo that suitable dotcing cyeh*? eati la* Ma-uo^nl to aliow for reeling like 
indlvidiml both. Fur example, in a r.nuill iilantr fuu^ beds niight b.* used with fi-hr dwlug 
I!yc!i“i nmh wp, wiyh of H hr for Eilliiig, 1 hr full H f«r emptyinjc, nud 4 hr rest, Tb- 

^ Kunuetil IfWh af&rimi |4aiiti li Imoi* uihI uicniHiatty fw !iy|ifillifliHtilill« LroakUdfi 

util lEidiiilriAi WkW lueplim. 
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ryiilc uHHi doponiU on locqj hu' t(i itn- beU« in Ihis wny il rH'cirsoinrv 

to Imvr a diwinit Uuik of fudidt-nl- fh^nriiy to rcUim ihp n-wiijci' ilnw for an i‘filin! Pj'fl' - 
.<iphL)iMi an' UKUalJy i-iufJoy wl for tJijM'hnrpnjt thi* downit ifttilt whrn filiitl to a |^vi*m 
I rvd, oml iiiroluiiiicil JirTanjtt'mmb. may bp ufoil for FijijpJyin* thp variuti^ bod* in ret i- 
litin. Ciodtju't bods protliioo liwi nalipfiiotory plGiii-iit» iftiin ilo jnlpnniltonl wnd filtom, 
a* tbry rt tollVI' only .yi lo 75 Jiorrritt of ifn- lajapofl liotf MiliiJ*. Tho oIHliPii! i* i|hwh![_v 
nctrijjJtritK'iWo tint in fiuito TUrbid iipcntwt? of mBtcrialn whioh btoait kuwo finrn iHm 
ill I bo nitor- Fun hot mJinipntjitiiiii may bo ikainiblt ii-pjeeially mhon- tin. 
I'otinar flltoriiiK nihtorittl b* llml mton of JfXl.Ofltl to 8«0.«X} pffirtti.r ftprp fof 

tiny on' uyNHl, tin? niU' drpn-oilinjt on ilio oonti'iiinitliiTL of iho M'wfljsp and iho di-rith of 
(ho i«fi. TJun mto may nlmi tw H:'.vfin?;!K>d in <i?rjiw of voiutuo of iho fml, in which can- 
.'W.OOO I|» l.>)t),(Kl« tfal pjt't ornt-f! of tiltor volumo daily ri?|in'«>nt- aVora^ pfmolit'o. 
I'onlftf! linjs may gmilujillv iMYonio l■l[l|^J^od ntirl Iom' l aimoitv, p*ix't-in]ly with lijior 
Ifiati-rin!, amt t voiiliuilH n«|iiirr tliat tiio iJtorinjt mrdium bo n.'movod and'oli'ani'di 
TritWing filters an? of twq type*, iho atninJani iriokliiiK fit [or wliirh ha* lonjc U-ctt 
u«h| tn tn-tt primary H'ttlinK-tank. or linhoff olflumt. and ih* higli-mto littor in whiob 
hiith rato* of appliinlioii aro wet\ wiih or withimt iwireutauoii of tiio effliionc [lireunli 
lilt* filler. In the standani filter, sowaur' i* opravod over tho filter from lintl nroiierlv 
*prtr.ii uoiiKloi. projrt tins aliqvi> the filtor *totie or from retary dial ribu lor* on dreular 
fiiU'ts. A ilo*mii tank i* usvl for iimduoiitp n uniform liimribulion of ,>vor liie 

area, and thi* i* ttMrtni|ili.iil:tni by disefmrjpiiK under n uniformlv fallitiE bead Tlio 
filU-nnu matoriat U iwuidly timkeu et™o anil aliould U tuiigb nud relnlivelv iTnia rvimc. 
w tt* to roaiHl woathorihK and rru.diiiij{ undor liir weiuhi of ..uia rim^'wl nialorinl 
(linker, ahiK, mid eiiiiitar material* do iiol moot ih^, r?.qui,einonL. ho w^|( „* 

are fror,ti«‘ntly u*Pil if !.?«, i',(p.r.riv,v flravol i* „ot verj *ati*/a.:tu,y. Uvaii*,- . 

in fiblo* wo *0 anmoth tliat tlii> ornanlo jtrowtb *o initairtanl in the purifimiioti nro.a>ss 
thTf rpjulUy to them. 


Thetumwiit uf nsiiiatioTi whu-h take* filaoe in tin- filter will v(i« with ll,o eurfsn area 
of ttlr filtomiK Itmtona! with w hieh lhi> -rwape oomw in orintaet. •Him hioa inereaso* n* 
the *il!e of Ihn pttinr doorott*«i, ibo Htht awroKtit.' boitip thi,* num> effl-etivT tlnm the 
onnreer C lowsiiig, howover, oconr* rmire raaily a* the void* bemmo *j„allor and nn- 
vent* the ,j»e Id ven' lino nuiteriid*. Tl,e pmotit?al limtl* of riiw Imvo lieen fo„TKl bv oti- 
js'nonre to mti«o t*.(w.*Pn ^ nnd 2^ in. The aeleotio,, of the *i« of maferin! delemiim^ 
Ihe maximmi, dwtng mto tliai eau bo on ,h,. filter wilhcait eau.dng midne rWoic 
A rieptl. maijlien bP *elorto,i lo pretiuee »ti*faotoiy oxidation of ihi* quaoiiiy 

Id mtwii^v. The rate of rionaa of fiandanl frirklltta Rlters w PWI, Li Tiiiile at to van 
from 5>1 to Jt-ti f*-r ru ft irf fitter vi.luioe per day. with m«,t of the ,il„nt, quoted 
rtinaiiDt from fi.O 1" ^-0. Thew are equivalrol tn a mnjei' uf t.flon.lXXl to 3,.i4lt>,flOO ehI 
aere |kt -lay, Curn tu prarliH? favore e*pre«.i,ia Cher huttling in term* of pound* 
of id Ifj apidu*! „.p ai-n^font of filter mivifii per day, Efaleli report* 2.y.y lh, tif)D re r 
...■n^fool daily a* -uliPfaet^ l^linu for tthio plants, Tl,e Inhie uL*o data !j to 
he mre of rinoe and tlipth of filter u*ed at m.-h plant, ftdme inv«itig,itont nudotaiu 
Ihnl for a pvien Tolume dii'iXT hllere are mure t frective than .*iial1nw i.nt-*, iiut upemlinu 
tLim fmni Auieniim pliiJil* do nut nhnw miy wiy ijefinite tendejiev of this kind. Teti 
f^' t^niaml ihe irncvLiuum pmellml ifepiii rf ^he eru*hi,ig I'mdcr il* nwn wei^iit 

nf he ai,|pjlar ivlp« will. Kn,Iter ikplh* of tlie material. Triekling filten. are usuallv 

fm of the filter. phIi Iimk unk^ an- munliy to retjun rhin 

rhe IW IK h> i^uti fidnitkry t^nkir vxeept ihnt vprtk’ftKfl<kw 

UttUj¥ riLiiy he lutwr jtilvjSLntiList^mixly. 

The effieiemry of « UirUlnif filter manni be evpren^d « ea*iiy Li term* of *u.™ndi*J 
rrdtd* removed, for the effluent nuiy at timi, carry a* mueh awpcndeti *ofkl* JL i„. 
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Tiilnl 
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mgil 
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depth, 

fl 

ttate per 
cu fL 

gal |ier day 

Fiheririg- 
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)d^e, in. 

Sbilie htwi 
rm iii>;!^h‘^^ fl 

Atlanta 1 

1 ot renehinelit 

■j 

2n 


ia» 

Il4tci2t4 

S to 1 4 

IVarhtree. . 


2.fl 


S.d 

1.4 to 2 

3 to ] !i 

Bfiltiuumi^. 

ao 

2 J lo 3 

m 

7.3 10 s. 1 

I TO 24 

fl 

OdtimbuH . 

Ifl 

2.12 


01 

1 to :i 

8 to 4 

Mlehburg . . . - 

2.1 

2.7 

mi 

l>.0 

1 to 2 

10 to 14 
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2 

1.7:1 

0 

0.7 

1 t«24 

to 2 

Keadllig 

Itrd 1 

1 

LO 

5 

73 

14 to -i 

1 

; .^IW1UI U fO 2 

ite4 2 

1 

1 1 ^ 
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! to 24 
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LO 
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7.3 
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1 1 
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1 1 

1 1,0 

4i 

O.t 

1 

OtqO 
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fluirntp tlioui^li Ih™? 4in? uf niuiti? u clifT^^n^nt rJinrTit'li r. Tlii^ surf ewe of nifiy 

^jecoKW clof^'^l from civrnJci=ii]it or from lark df hiolo^inl Briivjty, 

ihf filler in in t-llmirjnling thh poolinif^ tt gjvw tUi^ prf«^iwri 

lime ill uhieh to l*i* c-jirrii^l out. Tnuiblw fmtu niny resfuli, ^pt^wHy whi-rp ibr 
id the lElter Tliin. i-aui In^ coutrollisJ to ^onK extent by ihloriiia^ 

tiuii. Tile eliloriiin i# usually applie^J in the primary lic trling Uuikj? nbrncl of filter. 
Many inh 4 ibit ibe Ml^^r bed, and thp aflrt-rtain, or filler fJ^Vp ixHiy iimltj|jly 

so mpitlly as lu bi!cdiiiL- a niil^nrtN aa itit i-nmll nze pertnit# it t& pars ibroUj^ ordinal' 
■vriiuiof^- r«cnf!ninit. Jt dtiefl not travel far from Ihe ftlter but ituiy be earned ifoirte 
ditsLniico by Ibo wkiiJ. Ita gr^H^ th cun Ite conlroilpd by ihu nimple deviee of idlowinj; a 
fdter Unit Iq atniid lille+1 vnlU 3^ aa lo drwn I ho tarvae. Tile eyele of tiir 

rhodit fmtn op® thr<J4ii;li! the Inrs’Hl «tjige may Ik. an abort aa 10 or 12 days in h<il w-’niliHT; 
no this lliMMlifig shfjuy Ix' done at k-unt that often clurlng the Ptu^hjdn aeaeoii. Cbhjririrt- 
tiiii] lui* Inh*ii uj^, al#€i, to tHrMitrql the prixluetinu of littf*r tiie«. 

Design of Dosing Tank?- The {ii^i^^n of a dorong tank for alnnilarrJ trickling filler^ 
ix rifiiptiBed by iij^umirig a yntfomily folliJig hi^arb Tliis ran \w. phmIph‘4‘iiJ liy giving tin- 
tank a iKimkilie vertiral w^rtion. Jl i* of (jrinuiry iiiiportani:^^ Uial tin- stowage 
\k ili^trLbulixl unlfurriily m-iT Uk filler. Ttu^ n'quinTs a i-tntiKht-hiie n^inlinn^hi|i 
t^fcit-ii rieptli ami length of rt^ Langular Jrjrinc tank mlher ihan Hie immticilie M*etiori 
liHUrtlly riciiiiied nx in^i-emry to tidEiil l!u« miuinmH Ut. 11k i^4|uiri-na^rtt» u( Lmitunikly 
falUcig t«‘ad in the tank And tiitifomi doHing rtile nn Hk' f\\\m 4in‘ iiiulLtalli (^nitradiE-tori 
nml eonnul boHi tie fulfifleii aiiiiultnticouHl,v. 'flie difference in wM^tioci nHjUind by Uiexe 
two Bit^umptinn^ m not iprat, smd de«gjw ofi eiimmuiily iiinde flki'irun an^ euHieiefttly 
Beeiinitex uSp'npftf dnsing umka do nol gii'e nniforin dislrilnjtioci on the filter when the 
(luctuatluR hoUrlv flaw fcilluVrS a dMerenl ewk* rralii thji-l foi wliich llie dl’f-ign was nnidr. 
For tbw n^fiMinj fcoia taiikH afe to lie prefenni. IVlim one tank is full^ the s^^wage in¬ 
flow i« transfern^J to the Other tAnk while the firm tBiik dlHrlLargi's. Thi‘ cli#rhiirge 
eoBdiljona ar^' nlwa>^ eomtlaiit, nipinih'wi of Hii’ rate of induw , thuUfdi the wl peiiotl 
la^twMO dlijeliargi^ w‘itl be deen^Aflied with an inen^ajHiig m'wilri' flow. 

Ill Fig. 3S, awaimc lank .1 lo fyll Tim aiphcKii ^iSflria di.'*rlnLripng as «wn na the 
desired ele%'alion is reflehed in I he tank. The rtish +iF M^wajp' trajis afiti ^'emprcisw air 
in the rthinpreivctoii ehamlxT. Tlirtnigh a xysteiii of air this *.xjmpn-si^l nir Idla 
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Fsa. 38, firtii dmEtii Unfe whowifijs liTminu[e>i^v «lnplQ%’H-J €^^ tdi 

30. Pr ^fl.jl 

thfr djifaoniF r^inR Xho influont ebifim^ of l*nk A and rtflpB thit inllow^ The 

u di-eijciiMi h 0 thnl the pres^urt^ for tiuik in ii^basocl, wnd ilM f iilr-i Mlpiionn Matt 
filling ihc ruak. Tank A bt^fonr tank fi » fiJIid, ujid tho flitters rrst iill; innk 

in fullr The oyefe b tlnin rpjwyitoii 

Tho ileMsn of the dcHtiiiK tnnk Ejo function ah dwrod urnliT thf i^ditbhi id von mn 
b«rt bo miriH out by umnfc tlio cUtn runiiitlhrd by Hie Pnrifir Fltwh T&iik Co., tnmiu- 
fiirtiirGm of idphonfl jiikI olhrr ociuiptaeiit for filling tanks. Tnli|««i 32 tind 33 nw frtk«i 
from thoir Cnlnki^! find BulbUn 101 and idvo the oftwrilinl iUh^h linln. 

/>iWW>rJdidn T>w nofsb siHiriinR in founi! froni Talitw 32 ur 33. Thif iniiLnl 

hyiJniulir mothodn arc applicable to tk^ miaiHitntian nf for given l\mA l(j«H'.'n. 

CondHion* of nonuttirorto llnw' exUl in tlitw pipt-F, and the rttovffy nf velneity hviul 
cuna^ roiTPFpcindinK inm^nsen in prefii>ain> head udlK hirn^ng dinOurinv from thi^ ih^nit 
tank. Tliu iliKtriljutor» are ferquently laid in tiie up|H-r of the filt^-r but in 

instance have boe-n ijbn'wf at itfratfir depths n ith n rtwr for each no»b. Umbnirai niwc 
Hvslenw of i?otieTi!t« Udeka^ fplit ilk, or rhannt b i'^Ahtrl the jiewnge after fl Imm paiwni 
thrcKigh the filler and deliver it to the Hreondiirv- 'vttliog rnnka. 

Rotating DbtributQTB. Huring reoeni ycams the iw of the rotnling-arm diatribntar 
for irickHng fihjiTP of all t> pea hwi dbplawd the iL*e of fi.Ted TL0tih» fed from dodo^ 


































































Taki.e 32. Data fnE Twrs DotiiXfi Tankii rjie Noxtsi.e^^: 25 PsHciiST He ah ■ 
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tiuibi. lijf advahtiij^ inc^lutle invnti^r uttifaftoly tif hxAd lufm?, »iid 

bii^lirr rat«»fl erf irtuLfiMirht fter fiicrP'fiw! nr pe^r cubic yml irf liltcJ' votufdu. Two to fcnjr 
mkjitliiK iirtm* rt^volvt hbcKit a vtrtiml dcntnO jijci* jcup;idritHij by n jfpi^ciirf bcnruiti luirl 
prnpolb^J by tlip rcnction of ihe eJistribylor ji^tJir Tbc Ittltor jm? Mpiu.od to Rive- MJLiforfii 
fioffinf^, iho jpfci! Ikiiik cloHt+r toftflber lowarti thi^ ouUt i^nd whi^iv the? tdivf] ui 
irl orifbrvd witb iidjtintjibli? unM muy uiil in i^H^unne unifoimity of Elqvinjc- Tho bond 
Tpe^iiimi to o|ri?tmtc tbw ty|ic of diitributor muy be m low Hi* 1J4 to 2 ft. Vwrioiifi typw 



Fio. A likiih-ral^scwmci:? filler rut awK.v to nbofv a lia-fl two-cOEOfMirtOrient hrrn unil with 
fprcl nTul uodfirdrun&Ri? B^wtciiu. {Z)nTT.^ip«rH) 


*3/C jcl noKKle hftve tli^vciopeeJ for pecuriiii^ ^ood liintiibution bel wmi iiouGlire^ 

i.bMinR tAnkff ihoulcl lie um-l the inflow i^i not iniiform ao thnt velocitk# will out 

drop tt^low tl^t pcrntiired to rotuto the duttributor LJttb difTicully hup liceEi 

»,'5(pericjn.'eil in the elof;§^riR of tbe jebi- 

Thn liifcb-rutc tricklinif filtnr, Fij^. 3t)p hufl repit&ml the ^fLuneiord filter In pEiiiit> built 
iJurinit «J«?nt ycant. Tt bait widely exteinkil the mt of filter# into ihu high 

UOlVreaiovjil fiehl hitherto wrved eseluwvely by iht ActivnU'd^huJge melliod. An 
orr:u<ioiinl iiitrnnHtent Rftnil h3U?r in utill fmiig iineti lUtl^rncCorily at the smtilli'r pbnitu 
iti Sf.w KoRljind. 

Two types of hi}Eh-rat/^ Rllen* nre in the arrojtii^ (LakraidE Kngiin.>em 3 |C Corp.) 
Eind tlie NafiUrr (The r>orT O&0> Tlip ea'eofilUT ifl i40ineUinf» caJled a "higliHai|iflicity^‘ 
filter becniiae nf the hiri^c volume of wwaRe in the FiSter at any mottimt. Thl# b in cori- 
triiflt to the tcmi "biKh-mle" Idler, w idth jTpfcw to the hiffls of application of ihv 
fewRp^p lo the bod whleh occurs with the biofilter aini'e the Inttcr n^tums, or "recLrcu- 
snow rrf the secondaT^^ effluonl to the flkers, die number erf n-eireijlalion^ ilepend- 
ioR cm tin- stnuiftH of the sewnKe, the filter Inadlnf;, and ib- Bf)D removal dfaired. 

The dojjiti of the acrodlter vurbw from 5 to or t+ ft, nveivinic nn averam^ flow rab- of 
15 lo IS million RwHonn per arre pi^r liny (mga^lV. Afiout SO pi ret^iil of the daily Hniw 
is iti-irculatod during perioeb of tninimiim How in orthr to kei^^p the dJ^lributur rotfiboR- 
The sewfiKr ij5 applird in » fioi! rtpmy nr nm by n rotntiiiit disk or a niultipli^ju-m db^- 
iributcir, CD wiring much of tho bwJ nimultaneously. Arlificml ^'entllntkiii id rceom^ 
mcndnl for filler# lufiiig methi other thiU] a spccrial nonchj^nR lile, w'hen the filter w 
mare iJian (i ft in depth, tbie cnbie foot of air |wr square fool of fitter surface per minuto 
ia reenmnmnded. Th# BOD removal oblsJned with |.wo-#tage acroEltem may be tsti- 
tnriitcid from Fir. 40, 

In the tiinfilicr^ coinpiirnlively shallow filter# are t*diiitnouly ii?»ed (aljout 3 ft), and 
I tie desired length nf ronlart with the filter flom b by the niimber of nHirfola- 

tions providcij. DotHtiR rales shouki eijrfwd (t or tt [llR^d lo prevent eluRj^iriR^ UsUjdly 
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Fro. 10, Sni. Cfwp.y 


vary from B to 20 ir^tl, biit nwy he m grefil aj 100 to \2^ fqr strong in-fiitwrtint 

wuAtFfl, loen-siFiiij; thv rt^inulnHois rate inert^Amw tin- n-^]iiititJ N^ltling-ttiiik capacity 
imd till' tiumpinic i:?oel. Fom^ij ventllbtion u iidI n.«^utn*d i^ ith blofilli-ryp hut vi^tits 
niuKt ho proYidctl firotind tho btufe of tho filtor for inflow at outflow of air, tlio 
iiefjoiifiiog qn whetlipr the ppwngt In the filter h vrjirinpr or raltipr tbun tho nir, Slurs 


Table SrN<;Li^^TAiiE BioFUnTT^it^—Fi^w FLite.^ asd Fjltkh Data 


Rrf. 

S.9r 


' tiflUtltT 
flsir, 
mitJ 

Rh'Iku- 

Intkaa 

futig 

k 

t-UrillH 

ov^^rRow 

fAl rwT day 

iP| fl 

r^E^^T 

Arr*. 


Vgliasi^, 

fl 

IlgiP4»4l 

nitr. 

ELiod. 

r’rimary 

llwl 

1 

PmvHMiL Obig 

1 Tft 


1.140 

' STD 

0,331 

3.3 

0.702 

ll^.O 


Or«t Htfyk. K Y 

OJM 

iu% 

^0 

1^7 

D.a4R 

4.0 

Oitftl 

T.filS 

3 

Ctiy. ftjj. Pttie 










hsni, llrit mtikVf 

Ifi 173 

1.0 

eSQ 

fllO 

l.W 

AU 

1104 
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4 

jtiPtilAiuJ, Wull-^ Hlant H 

3 lOlf 

2M 

aw 


0.33S 

14 

1 07U 

10A 

fi 

0 

Potlk^n. Ain. 
l-rtiLiiJb. Mm <4tb 

O^i 

3.31 

6W 

3ftD 

o.m 

30 

O.Stf7 

ia.u 


r^Dfii 

0 CIW8, 

O.VA 

1117 

ItO 

UJ03±1! 

±a 

OCMWft 

SA^ 

T 

ftlufun L*3i-e* Imwl 6nt 









ft 

aSS^C*1\I. Mil Uml 

l.JtSS 

2X4 
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03® 

^.0 

1424 

31.5 


csriodj 

D-saa 

S.Ofl 
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a.ufl] 
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32 

0370 
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Table 39, J‘EKH>nK-iVCK ur Two-staiie BioriL-ttm UBrvti Skili:e34-paiulli£l Vui'<f 

Sheet (Piti. 


Ptiilit lortition 

Otiaiirlo, 

Fin. 

JVtnlunia, 

CaJir. 

Fhw, roKil, . ^___ . 

a.iKS 


JledriiilRtkm miio: 

Primuio' ..... 

IA\ 

1p43 

SesajiitlBjr^ kj. ....... ^ , K, 

2,m 

2M3 

Cluftfiut oveffluw mt*?’ 

Prlnmry jsa\ p<T titty tier *f| ft, ^ . 


830 

Fiiml per day per isii ft.^ , 

\ tKiS 

sao 

FiIumw: 


Totlll iinui^ aCTGA... . . . 

\.m 

' 0.203 

Dfirdh, Ita r, *........ A A. -___ 

5,0 

3.0 

BCTt?4i .. * *., a., t a....A A. 

I 5.20 

0.600 

rntc^ rngudi: 

Prinukrv mivr ... _ ... * * 


' 10.3 

12.0 

fk'CDiidim' fiStcjT. . ........... 

23,0 

17.2 

BtJD raw ppm ^ ......... 

EHiiiiaUil rainoTOJ tiy H-ttImj', pem^nt . 


376 

m 

33 

TKJD ftf iHltkHl fhw wbrn-Hi^a: | 


i*p»i i . . .. 

123 

38a^ 

Lb iJT'r iky. , , . A..... c. _ 


1,020 

Lb pisr Mre-fl ___A A X A -...___ .. 

im 

2,0tK3 



Ppm .^* e ^... ^. 1 

10.6 

14 

Lb per dny. . ..... 

343 

30 

Lb pt^r tterEj-ft ., *... 

m 

07 

W)!} frcmi raw: 


f’P>» .;. . . 

M2.4 

371 

Uiper acrc-ft.. 

im 

2.363 

Lmtieticy: 


Bik»ni isetUc^ mwB, *__ *, T, 

01 .-1 

0^>.4 

BttfltNi on raw sewjtiti:. 

Cumputfsl -iiffidiincy; 

.0 

07.0 

oit Hdttled tw .. *. p . ., ^*_ 

Ofpfl 1 

03.1 

Ikficd on mw .. 

00.4 

07,2 


ihu filler riinct(i>n» in part as a eal|Didi.‘r, ihr ewtltin^ imk b nti «ai-utial part 

of the and Ahould have amj»3t‘ diHettllan period and overfiow nite fw efikbiii 

remainj of Ihe iiiutpeBiJnJ noliriA frwD thu filter. Os'utflow ntt«i and BOD removnb for 
ainjsk'-.liiKii* bipfilters fcfo ((iven in Table* 35 and 3d, and for twoBtaiw ftllcrH in Tahb'* 
37 and 33. 

Tvo-iuge, high-rate filter*, b rnnipnriwni wilh ihr BclivaterMuilge uirthi^d of 
wwage itealirwol, Imvc liw odvanlaR™ of gn-ater fierihilhy and shility to handle over- 
Iraiding for rtaNiniibIr |»riocl#, of gfvntcr rimplicity jind bwer rtwt of operation, can 
give elowtJy eompiirablv BtlD n'nwtvnb, nnd are n btivoiy ftw fmm odorsu 

Figure 41 ihowa the Dow arrongfiaciila that arc (nnrunUy iwed with eingfe- uimJ iwo- 
Atagp Ijjardteis, Tublrt 35 in 3tl ipvp the mmlU ntUiniKl witli ihe varinu# floir bo- 
queiiree Bbonn in Fig. 41, Tlip diila in ihivip tubloit tni^y be mjfninaruetl bv' ttatiug 
Ihnl the Hncle-ntpge jiiita liavp about an Sfi puirent eflipk-ncy in the fotnnvki of ttn) 
WJD of the netlli'tl (sewage applied, or SM pefrelit of the ruw wwafe BiOD. or the two 
rtsiw type* rtiown for tw-<>*tag)i:- biofillcm, wfib* e, in wliicli the Benondar^- unit b fed 
dipwtly front tlic primary filter, b Blightiy Iraa efficient tliiin serita e whieh a fed ftom 
tlw* prijTWMy settling tank which hn* the lewter oolida, XIm? r^opcctlvo iiifieiencipe attnlned 

AA foUQWH;: 
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fftcfrci/Juf/ff/f 

SIflflIe itiaqe 




fff 







Sec<^/i- 

ifar/ 

ff/frr 


f^jmory 

Wf^r 


Primary 

Cf&r/ffar 


f^amas r^fum 

Tw® 5Fog« ’-f^lten In iflfits {ff| 


c^a/fNgr 


f^tcfrcu/affaf}^ {flr# A/flw) 





P/imOf^y 
cfarif/gf 

Singli 


-InTefme^jiQie Wl 




^Circu/a/zofr {arf 


PearaaWiicm 


Tiro itnge - 


refifra 


iiriii ^orall«fc US 


cfarrf/gr 


I 

Pffmcfy^^ 


Fin. Jl. Typiv^ fSnwiNli^ffri^ flimcl#- and 


[n »rii» c, tho cfftHrMioy waji Jt2.6 pc^ftTnl mi rdu^ Anmyir ur pvinmt an 

t^UUni Arun^. 

\ti Berk*fl i, tbt^ i?fflrirni\v wnp MS jwit^'nl wtUi nderptif^ !« nnr, nr U5.0 pcrrft'al lo 
»rnwig^. 

Ill ^Hit4 II, jinrl wan [H.'h-r'nt ri'R™'?! lu ur8li.t jif^ri.¥at rufg^rmi 

to AetfM Mritvgr. 

Thf pc^rfarnuinrt? of thn Kimifil i r^nt rxaniliH'iJ by It^mkin and m Tnhlc^ 35 to ^ 

ap^H^ari Uj drpeiid fiHtnruily on tlir mrirviiSalidfi ratio whik^ ilpniiii^ rakrn^ 3 o! 4 il]EiK< 
deptti of wore liwn importanl vurtablow.* 

Nd ^Siv-^jJaviS^il^ ^ Bibflitratiim HiuitA by Thttm MtlhocK A«". A9CB ?U, Sniur^i^ 
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SKWKRAdE AM> SEW.MIE: 

The 4ctiT«t«d-sIudee process in n prm.nrMi tit aviiJiiihfC Mjjkln hy Henttioii in 

the phwnre cf nln.djp' which him tircn picviausl^v oxklitnl or nrtivulnj and in which n 
luicudant icrowtli at AcraNc bactiTu ikn* iJcvciupHl. Thcwc tiactcriii nre iiintrumcnlnt 
iti liringiTkK .ibrail the ntirlntirm protiM, white tienilian furtiiiiliini ihc tirt-drd nivKi n 
«niJ ttlso tirarluc<>« A<l,HHiJilc 4Eit4tliun for cimiliitio;c the cIikIki’ ihrnuEh Ihf* iwnEp'and 
pnjvenrinit itn sctOlnK unH niid IjccominB ■teim-Ernalcrl. The prurnvi in nmiter in 
principle to eitmtion exirpl thnt, iimli'nil of tW Iwinp; pjwn-'il through tli*‘ filter, 

tIh- filti-ring nieriiuin, which in tlite ratie te the «Iu<I|D' with it* tmrtcrinl popuLatioiii 
ut circulntcd through tin- w-ivjii^ and i^jnirv into intiamte i-onlAcl with it 'Die juiwirij- 
lion of colloids by tl.c tttKcuIntcd chnljec and oritlatton bv like ncrohic Itarbrin pre 
HiinOar to, hut joor,. cfEcienl Uuu,. 11 , 0 ,^ u.ki,tK p|„„‘ in fiJteic. and the ositatioii pro- 
ducfkl by the nir perfomw tlic furiher function of ro«Kulntirut: nomc of the cnlioate. ihiu 
nmlerittll.v nAstetiiiK the jjI'em-cci. of wsjitncntntioii, ft is ttpcpHiM?i- to suppl.v oxyitcn 
ckkotin^Uy to the •luduc, or Ll» cup|ily will becuiiie de|ttet«l and amieroiiic dccompiwi- 
tioH will te'Kiti- Acmtiuii of ccwcikc without the pnwinv of amivated slndEC te inrlTro- 
tive. The prmpnee of uctivnltsi hIulIkc with its linrtorial i^lture is eswential to hriijjt 
abtMJt punlication in ifa«inaliie iwriodn of tinu-. It is tHx:iwini>-, therefore, to return 
sludRt’ c(inlinucKjsl>' to he niixnl with the iricotninit jiewnEc in alKntt a 1mliiy. 'nite 
combined dmtEc nnd M-waae is aemlisl from 2 tb 0 hr, prefentbly 3 to4. iisinic0.4 lo 2,« 
CU ft nf free ftlr pf-r Knlloii of WWa«c. Thtlte Vartlibk*# deptoid oil the chiUarter of tiii 

seWBEc ond the method of aemlioh employerJ. rimee the introduction of ... i* one 

of tliF nmjiir item* of expt'nsr in this pr<M'nw. ntin'h ('tEpcrimenlulion has Issm carrieil 
out with the objective of reducing the air n^juirenirtit. In Amprimn ptenls the uir 
us^ltv Is f«l throJiih rstmtij tubes or plates nlonK <nie side of the hotpim of lonK Jiml 
relatively namiw ju-ration Uinlts, thus prtslncitm spiml How na tJiesewapj movt's 
tudiruilly throUKh li»r lank. This earrics thr- wr tiulihW in a api«| nrwil.d the centn.l 
horiiuiital axis of the Uink, pruducing loujjer licjuot^ir iSHiliirt, thu* iiicirtuing the tmi- 
datiftn cfti.iency. Ill Kumpe, nieetmtiical aipiatinn autl the Intnaluctinn of nir ihrauKlg 
thejoumnof tiruhlk^ Imvr bn-n widely It^i, Tfie pitrldlew in Fig. 42 levnivc ajtaifist ti e 



Fio. 42. Cm-i* wetioh of neralimi chamber. J’>«n-I<ellih«liaiiiien. (Pr. ImU/T.} 

riidnK air Iruhlilcp and delhy ihnr Imnsil, lliiis itlrreanillK lime uf I'rmtael with a tsjr- 
n-stXPUthtiK lner.-ose in iiii-a1w,rtition i‘fficiiiiey, Thr' th>plh cd tl„. ni'mtioit tank varies 
Irom to to 15 ft, whirh n'uuinw air pri’wutvs of a to ia |ist, tiTInuinE for Insm., 

Figu^ 42 is n crow setlion of a f ieniuiti ■letiiytm ehnlntar nnd illusinilfs the mil hud 
of obtainillE spiiml How above dest rilicil. In tills fiEure, putldlrs tm- rotated aRniiist I he 
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Hij^w hy Htr m i^lrr tu Ihr nir Imjbhl^ in ^Yinini'l tlit< fnr n 

loii^r tjiili% Tl»i AmrHi'jili |}laiil» an' aJmSkr l>Hil thv |iadiJli'r an- n^iitlH mvd 

l-Kltli sidl' arf nt lhe> tfip, nx iji llii' nnijTitiil waji in tile fi|^n\ to mMaHl iji the 

rat JIT}' niotmEi K^t u|i In ihe^ lanh- 

Fl(fuiv -13 iihniAis tfrn poialk'] m'nitinn rhtinnf^lfi mt*h'inif w'ua^i' jit aii«? end 

und dif^rtmricinic the anratHl h(> n linitl i^^^ltlitkiz lank nl the nther (iial Hbiiwii In 

cut). Air M fifd fn>ni the nir ;^|jp|y line in the cdVerwl wall between tliup two nllulinrlia 



Fnn -IS. illffuBerK^. I'MIdaJe, CalLfetmuk. IVflinn fi’nw, S.flOOpflOO Epd. Pump C*,) 


thriMijch five nJr Aupply iniil^ iti earh dmiiiiel simllur to ilu.^ unit Ibitt bjt** I'M^^n mipieti by a 
jfvrk n» i^howti. The nir Tmi line and nerutors of one unit hjive bt^'o mim'il by a jack for 
in^peelioii of the nenitor tu!H¥, The iienitorH are at onti iide of ihe ai^mtion tank ito 
the ivitiK uir iHjbbh.'N will c'li uue n njlation uf thi‘ in i1m» Lank it fqllowH a jfpiml 

|MHh throuj^ti tht=; tank. 

After pdkKiiijg thrmijch the aemtion eliiknil:»'r^ I hi* M.'W EkKe IIom-k into setthnu i?UiJii|jart* 
niei]|j( where the i*ludj(e fteltkii htnl ihe ^npimiilunf liriiiiEl t' cJb^^^hnrgf^l, urvunlly over a 
u'iMn \\Vll-nii LViili^fl ^ludiEe wtlle# rapidly, and drlmtiiin period^ of 3CS min to 2 hr arr 
LirleifLiate for itr^ n-inovul. 'J'hi^ di:»iTi>rl aiaoiirit of ^hiilKi' n'lnna^l to the inlrt vnd uf 
jieratiori ehrUTlIlel^, where it it^ lliw.-lui ru;i^ J inlo the iiimniiiajE fiewrEfc.e a m l ckfpUJi peu^tev 
ihrfoiKh the Iktniil. An j4ludRi' airrrifnilhkItrH beyond ihe jrkuCHirkl rM|uirv^| for earT>"ikl|£ On 
lhi‘ f4'r'i3iiij{ it h> withdrawn and either drwalenxl by «kme of the metJiorL* dif^ 

eki-MNt^t later+ ejiiriiHl to jiikii{p^''^ii| 0 !i^tlLPn tuokh wlieri* il umlcTKkM'ii anneriihie di|iji‘^tiEiiL 
aa hereJkfter r3i!H:li«*P€l. nr HjHimI by pnwtiri^ VJieUklkiit or ln'at withnut diKl>liDfk. Dijo-i<- 
tioEi ran Ite merit'd on tts,tb«fariorily iijoni' of tn nonj unr tiozk wiib nhid^ frimn plailk «adtliEk|i^ 
tanks'. For rrmllt^, like ratio of freidi artivaled ntiidf^ to weEI-iii^feP^t*?d elndKi' 
Khouhl not lje trH> m’l'jkt. 

Rt^te Obtained. A hi|^h k^ltieiriiry t-aii ba olkluiiiedl with the arlivated- 

^^ludge proi.^'j^ w hen the plaol i# propi’tly dr>Mgn^ and open tod. nrmovrkl of OO to 
pi'n'ent of #iiF[M'ndi^l mlicli and hortorin fuid an Bo to t)3 peerent retluction in Bt>D an? 
eriiinnoEk. Till' pnK'i^wt ejm tn? rr'^latt^l mei m la produre imy pnialler ntluriiofi of e^ilida 
atid BOD that tuny I M' £}Sc'lat<'ii by tbe i4‘oiiiHTiiBW of thi' aitmitinn. Wliere partiikl tri'al- 
Tiiunl all that i* n'quij^Hj, thtn nu'ibofl may ^till bi‘ advaotjijo-£nnily. Tike efllurnl 
\r^ eh-ar Mtksj BMlorl™, anrl the plant eari be opperated wilhtait prodiirinpt odor nulKtnriw 
>Ueh HJt may be pn-M-nt with the lyiH'a of pFani hi'relofnn- rli^iesirtW'HL Tbi^ iTkElHtriJE-kkon 
w nut eXrf^KkVfp but ihr o^iemtiiij^ rodt ndativB'ly bii^h. CnnsHalernble nkr^ehimir-Ll 
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tiiuipn^rtit i* m-Wt'cl ikmJ hihw AkiEled Intwr requJml. Another ilwAcIviiiisLcii^r tips in ihp 
brgt? queLnlJtkfi nf j^ludjec fit hipeh Tnoijiturp cnnU>iit pmducpd^ ^hich Lh hjinl tci 

But thn pluilfi^ llmt i# pjrDdqetKj lw A high nltrd^ti Afid pbrwf^lllAtf CfMlLnUt 1U1 climpflr(=^l 

vr'ilh ihv pluilgp fnim dlhi-r rm*thodfl of H-wdgv InytlniiJnt. ft Ihiw liu vuliip ns a 
Wx^Tr and thf Iiik^aI i|piiiimi:l i.^ iijiiui1ly ^ffic'ipEiT Ijo nlMcirb ihe availBhlp Pdpply. Binne 
the Kludge \mn m high mniKluiv rimiphl, dryhiR in lui PK^nontldl Ktep in nbcijs^' umixfltion. 

Tlif freedom from odor nmd pthi'f ff^pj^ftinnAblr featufeit uj^unlly pn^oit at i*nwttgf- 
trentnienl pliuitH it potssibli^ lo build brtiVAtiMl-nludgi- diKpc-iHil pbjiin in tlip ritv 

ftt the- point of Mr-wngp riinrf’ntmtson find thuti! avdd ibr ftoD^rnirtlou of bug and costlv 
outfall linrt Id dtrponal-pbnt lip's formerly contiidcirrd niT«wflr>% or pce^ible l&H^uit« 
for Duiiumto produrtion which Imvc often l*rn imubhHtomp and wry cwtiy to the 
conmiiiiiilyv 

VitauiiD Bia Iuuh bwn p'rUinuMj from this type of nhidgep which tmihes itu recovery 
at the liijgtT phiEit^ iiniiikcudly dieiimhle and feadblo. Thb does nDt^iitcnage the Kludge'^s 
fertilizing value, and Milwaukee wlm-h dcveto|ied the pmoeps fo-r tot-^ajimng B^p hiut 
Ihpsie two valuable by-inruductit In help defray the ejcpcnRt^^ of ila disposaUplant ojteni- 
linns. The ilried sludgy Is sold oEnbr the trader namr of Milorganitir and b distributed 
thrnuglKiut die Uiiiled StaU's. 

MEHUfitadons of the Proceis. Large^^le rtsean^b on ihia IreaUnent method has 
fsuried out at lioth New York C^ty ond Chicago under octuid oponiting eonditions 
and earh bnfl developed vnnatbiiK in the Ireatment inelhoth Table 10 pvefl Ihe operate 


Table 10. Data dm New Ydmt Citt anii Cujcagd AcTtVAirsiMi.LnwK 



ing data at thew two cities, eueh of whk-h hns a nundkcr of larjp> aetivatecUtmlge plunis, 
ireallng from to TSi^l tngd nl aewnge. tike tatter lieitig ibt larKtsit Kiiage^i|,|K>Nil plant 
yet built. For nuiny yearw, thesi' two dtiw have eairtL-d (ml mEktinuour p^seareh on a 
large liciJe to determine inelhods for nslucing IreatEtkeEkt cwts while fimiiitaEning the 
ikmitvd quality of i^muenl, VarioiLK modifinnioaif* ibe activalcd-aludge prwssM were 
thus developi>d. xNew^ Vurk City, tsnng on tidal waters, has t™ stringeikt requimments 
beokuse of the high ililutiona avajlnble at some of its outfalls which are not availably 
to Chicago. It develoi>yd strp nernlma,* a inodifieatioEi of coinplete actlvated^ludge 
tP’UlmEnl, widch has l»n used since Um at the Wards Island plant where it was de- 

^ ^ m. 
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vol<jpedt and pt five attieir filantd. MtnHfiai prroJ]^ or high^raU o^iY-o^ h aIw 

n. tiitidlliciitiah nf the HeliVDtetl^lud^ priTr^, dt^gned to operate with p nilmm^im of 
Aemiioo^ 

*Vfep rirra^ioij iiS el complelo prwcfis in whieh the ttctivaled jfJudge hk MfBteti 

HepamLety iq ihd finn jflretcb mtd iJw «UkKl «ewuge if ttd^^ec^^ ufiudly mt the three 
quorler points^ to the aemt-eci rJumnel (Fig. HK TJiui process oppliM Lhu nir m needed 
and tiwulLs to B ronfliderftble mving in tlie air ro«iuin?mmti!i. Tlie aetnilqu-tAnk capacity 
m|iilrefl Eh ndqriMj to about 50 percent of ihc standard nequifeMonta^ pind jt SO-miii 
eontaet with duiige coii(?entmtions of l,.tKV> ppni in the Aeration Lqnk is Nuflicient. 


PfriTt&f/ 


Ptfmcrjr 






Psss D 



flfff* ^ ^ 



Pa3w B ’p- 








•> fmaf sed 




cef, sfvd^e 


Flo. 44. Step Herat Eno oa developed &l the Wordd tnlond pLojit. York Clty^ Hhotninff 
ficwime and ^udge rnovi?njefiiL 


SEudge age b detepmiftH hy {iividing tlie weight of diy »inrpt^rjtfcd HolidH in tln^ aem^ 
tiwir cjiamhor by ih^ daily ilr>- u^^eigbt <jf the incoming ^>tnipeiKkii wJidjH. Iq we]l-operaled 
planter the average plutigc age b 3 or 1 dayir which b the nvcnigr+ iwrftxl rnjuired in the 
aeration ta.nk for rarrjing the oxithilion pror>c^tHi (o Uie iHjiiit of stability* Tbh ^Judge 
deteriorates if left loitger in the plant. 

Fiqjil ^dtling biiiM nr^ dwiipit'd to hake aiJvantage of deiiHity eLimoits ao lluil the 
sludge n?tqrfW4i from tlirni for further aeratioTi with The incHiming M>wage ulll have an 
age of qnly aliout hr, previcntiiiig undue sliicijoe deteriuratioti. The -'Itidge aj^e in the 
plaht if generally from to 4 determins'^l by dividing the weight of dry ^impended 
solids in the aPTatinn ehambcT hy the daily dr>' weight of the hkcottung suspendetl solids 
ill tiie 0 L'wih}o>. Bi^yoml thb point thi' sludge deteriorates. Tfiim tin? rivTrage soUcb 
eonceEitrotioxL tlmniKhout the plant in alioot twnn^ tluit in either treatment methods, 
whiL-ih explahis why the lank eapaelty need be only half of thjil re(|uifi'd in ronveiitionaJ 
plant#. 

Modified, sewage aerttion gives Lutemu'dipite rcsnlts bi'tween plain -■vdinrentathm 
and the arti vatCNl-sl tidge pmrias. Hemova.1 af 80 percent anlids tind 74 peri'ent BOJJ 
w^of a Shyoor awniga uecotnplislimienl of ihJ# procea^ aE Xew York'^# Jamaica plnriL 
Excesa sludge puni|HHj to digesters hud fl.4 |)em'>ril solhhi. Xo pritnury Md.Hing wojp 
used, but an aiinition fH’^^ricsJ of 1.5 hr sopplicd 0.41 cq ft of Eiir fier gn lion of sewage. 

Activated fierition is a tlilrd prta^t^^n developed at the .Xe>w York City pliitit. In it, 
wa#tc acTivaUvl sludge is lutrodm'ed Into a ptaiti aeralioo tank n^'civiiig raw sewaKT 
and I hr mixture ts at^taEtd 2.7 to 2.8 hr luid pa^sc^J on to a fuml set fling tuuk. The 
#liir|ge from the finut H'tLUug tank is Hut reused but is coiieentratH and nHiioveil. In 
jHLrallel opi^mtkoii ilI SVanis fslaiid plant, Bfn> removals of Ito, fi8, ami 7h pendent 
respectively w'ere obtaiiu-d with *Eep, unxlifii.'d, and activated neration, using air rati 4 :» 
of ti.51, t>.2Th and Q.1U ru It per gul, w]t]t aeration riot In of 2.7, 2.7, and 2.8 hr respect 
lively, 

Cliieagn * hiui had to iiseet njore strinKi^riE irf^aLmoni n^quireiuent# lltan Iuls New 
York, anil Iras bra'n forbidden by tho cnurls to disi'h;ir^‘' its entiiimt Into Lake Miehlgail 
bul must Uiki‘ it sotup ^25 milffl thmiigh the Chieogo DmiEiuffe Canal uud the Dcrt 

> AHaitHAOK KptarAit K., Anniinn I*™i;EiE* ici iAe AuiiLKqr DUtncl aE COiracu, fVofi, ASCK. 

Nik Uclob«c, 10^. 
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^ElW^ftAGE ANP e-EWAGE PIRPClSAL 


ainJ lllino^ R'lvf'n* to tlii^ Inlter'* juiieUcm with tht" M wwiijjpj nbaiil 40 tiiiln* 
Sat. Tlii‘ rliv luui Iwii by ih*’ nHirb^ to mlU diiution watrr frfmi 

\jxke in limitwi anKrtiotH whirti nill not Inwfr thL* lakf^ Ipvi>1 Mow 

li>vrh fwituml by oflvijeaiioti U'twifu xUv Ittk** ttnd power prociortiori at x^;iaJeI^^l i'p\h. 
iudjfrd by ehk3nnh)% di»olvrti osyp^tii, find HtMl flfttUp pdbjtInnaV jtre Ml for 

about one-lhinJ nl the- rrtoJilV 

ChifS 4 |o"fl problem* rx?#4|llinK from tocatiou and miw* Imvf bwu HtusiunJ tbriwiKb 

pi'MoiT'h at ita lanp‘ di*|K5ftal plitoU. IJota iornmmnr^Ki in Tahte 40 pvi* the ir^vultj^ 
ultamtHJ at h* ihnM: tnrfo'f^t nod iodirate the li>nb erf TOD mid hu?poju$i'd 

wjlidu reinovabt obtained. Kvery phooo of the op^ratioim im^ eK|ierim(Mite«i wjtli 
rtiiee any miall prrwiilB(te iniiirovemeiit rrfetiha Lo Iotki^ annual Having, Aeratinn 
jk*rifxi* havir tjivn ntlui'pd ai ibo \Vt»^l-fioiJtbwn*l pLiiil ffom S^^S-hr to 3rl-br piefiw,bf on 
the roiitiahlw|iior tKteis or 4,D-h.r on a bnt*u^ and w itimul s^Uidiee mu^mtinai. 

Air ratiOH 0.4Ff to OrlW ru ft per pil are very low. CiirnLir linal ivtllinfit lank« werr 
UA^ii beraii*r of anltlion eliuniiL'teriFlitV and in miL>clruetjoi:i whrn 

i:!nnifjajT<l with rvi.'^laiiKular lluiiki!i. Teet ilala ludii'ut^^ ihni lank deptfu ^hmild la^ not 
Iehw than lO ft or haw timii 12 ft if outlet wWrw are located to!0.r thi,* upturn of di'n*ity 
rgrfetkti; no biiflliiiK iiirtuent hjwl any apprefiuhle efTf*ri no tFit* efBuciiii; tow^ influent 
eotmoce velority rliiwtld Iw u-^ip the orLTflow rub' for elflui'Eit WEdia ehfuikl uni eKi.-wa} 
obfiut 20r(^ Kpd ptr fl i^rf widr* or lo.OOQ pwl Ft if weir* nre totaled lo ihe eiwl wab 
of the tank ut upiUm nf li^ibfiity eurrentw. Tlie dudi^ drawolT ahould he near 

I he iiiHia'iil. 

The fact thnt the Chirano pkntfl are ao krge hji* odsh^J i|i*i'Ful informa tloo on whether 
UEulsdnibht e^fennt* ntiUK from HHinn man? than the UMual h^ELKilh, wklth* or depth of 
ehanjkol}^. Thl* inforinnlfoTi iiidii-aU^ lhal aeration elianurlw 33.o fi wiEie wert ii* sati*- 
faeUiry jw thaw of 111 Ft width \Mth to leni^h of aeration idwinof^la, at tlif 

\Vi^t-Miutbw'wt jihtnl, 4 ptuwefroF 4344t leugttbaiid aa.o^fi width noulea foial k-npttli of 
ft but lit*VC aalL%fatrtory opinrating rwuib*. In the aeratkin diaunel w iitn- there 
ia rar problem of ■aaliniirntalion, the important Farlor at time of ilctenljoa and liot db- 
taiice of How. Jjoiiiptudinal lillcta alonjf Ysotlimi and top of wife wadi* ia the aeration 
I'hamiaT inevaml itw- ttccnmuhtiuii of Alud|^<^ whirh wiwjid bia'ome leptin ami inierfen^ 
with tliD oxidation pnwiw bi tiie tank, A robitional movirmeot around the tank'»^ ceEi- 
tml axiH aid* the intUitiiie cimtnet of oxidative niirrr>orpninijTTiii aihd Uii^ A^waim flolid* 
whirh ao' I>.viilixed iiV them, llkjrfai^^ of coliUrt, wbieh mtittrila the >“lficii^mHy ^ i^e a.vb 
datbu pfHiK!epyc^ inc rt ft.'*ea il» bulilde duimrter decitawiw, Itui ton nmn\\ a LiLibble rcHlnEitj 
Ih*'- veloeily of itj< riw% tliu* rf^iueinj? it* liftini; jjower and raUflinK «ptii-ity from tno 
InoH a ewptm-l W'hii'h exImualA the nxyanm *upjdy. 

Tile arltvattfd^lml^!^.- tjrocm* id very lumritive to ebnnjf^# ia Umdinj;, iiuanlity oF tiir 
NLiE^dink oninuEit and Frefthtu?f«s of ibv returr>t*i *Liidse, and other faetor*. Ttw chanarli^ 
of the jiludfn^ icivr* the n™i uwful ebeik fur cim trulljnpt plant ora-mtJoFh. vcml alud^jr- 
indexi?* have been inwd For oouLrolUos itw openitmn oF iW pnjriT*^ Mtihim^nn*t mfiitx 
ia OEW of the mo«l w idely iimhI aad i* eKprowmi a* Fnlhw^; 


Molilnuinn index 


volumB- ot ^Jliidtce rietl led io 3(1 min (pereent) 
*iL<tiendtxl soti(Ls (perreai) ^ 


HD 


A vaiwi of lOtt or lower mdieale* a iludRi! lhal will imtOe aaiarfw'lorily; a rifun* index 
indicatifa appronehius trouble fmEii poopr-r *eCilinx chojueterMtaw^ A vnigft trf igd) 
indieaie* poor -wltlinjE cliaractetkfticw. 
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SLUDOE 

After Uie rtdicifl huve btyui from lln* ^ewnp? lo s«*fiiaitntaiioii buirini, their 

Himl dwponhioo invnlvr^ many pfa^ikm^. *ollds aw rAkIcfi Mudg& DJid contiuTi 

about 65 pi^rreiil Frtlatilie ertfide whir-h Hiiptwrt a rnpid dpvnlopiot'nt of microor^nkmA. 
Thcw^ ca.IT>' ooit tKc proccftBps of rfHlurtioni or oxUaTiion *4 thp nr^^iic nuttier^ dci^h-mJinK 
lifk I he luck or nvnilabiliH' <if alrFirmphurir tiKy^ii. Th rmiKh tht»r biotbemical prtw- 
the organic Hoikla are liijcewtc^il nr hfokrti dovu into mtnptfr und moro Mtablif+ torn- 
{KjUDcbi. Heroni|»dinied bi' tlie prrMlijpTirtn nf rotiHlderable of gaii. The wlide 

i'aii then dritvl on j;iiirfRc-dr>'ing: bcdjt or vnrtium filtcrv Mini dinpowr^ nf in a huiuIht 
of ttayPt eurli aj^ by burning or by ijt|bE 4 ilirai a fMlHiKfT nr for filling bw nivaiL 

m 




ISO 

u, 

* 

SKW 

iflo 

60 


40 


20 


The luiucrobir digceliou of htudgr v;m fnrnicrly cnrrictl iHit In iIhs Invier roitipaitimml 
of JnihofT iniike nfid k nntt' aDEM^fKliHliecI in jjie|jarati* plude^^Mligi'elinn toiika. 1'iir Ural 

ptep ill thie jiromiP ie aritib anil pmdueoe filipK?tinniible cKiofe^ wilJi oonip ]ii|Uefncitkpii 
nf wjVnJbi. ThiM ini'fliriritt and bm|Jorflr>' a^'id <^?nd|itio<ri in eborlmiit or pliniiriiihd by 
ikHiitMiiiig the pH to 7.U Ui 7.3 by the cidifitickn of Ibiw' otlu-r MUitablr: niatorial. Otlser 
impnrt4trht fnclorn nnWlitig fligorilinn elRrirnry am and lenipeiature. New 

diEwten* an- nbli^ in tho f’^taltltHfiincnt uf rtalbtfactnry digi-^tiiig cOEidittoiuM by et^odiiig 
Mitb wtSl-dig)LTrticJ wbeii c4JCtlhlllbb^ Tbbi iinH-uIntittH iho or pcnn^jip siluilge 

a-fctli oriitKiiianie ft’hUdi, at Huiijible k'nitHTiitun-Wt puji digi^t^t the mnteria] in 2 to *1 vnfxktt 
iiinleail of ihe 3 to 1^ monliiH mtuimf whi^n unjH.'i'di^J. Thorough noKing nf the frceli 
with the digeati-Hl rludgi^ w fii¥i-»sflr>' for high eHtrionriw. 

.\1tbniigh very liltle digt^tion oeeun* nli iikt below it ft|Hirda up nipidly with in^ 

I'nnaing liTikK^nituri;':^. Hgure 45 aheswri tin* efbni'E of teni[MTflture on dig)e#lion. J/rsce^ 
phitic diget^l^uu in iiiiME i^ffertivo At 85'" to iia'Fp wbilo at a higher tanipi^ntture {about 
130'^F) lihrrjj'j£^p^i7ir 4^lij{)p)ctinfi futfli the jrei|uiiTJ time lo 50 pern'tit nf that neeileil for 
fA^Mapkilii^ digftfltinu. 

Twn-titiige iligi‘«tiE3Ti -(Fig- *16) k Mtlvanlageou^ in cnrilmlling ih? pHi temiwmlun'i 
and opt^ratinx leehivlnue* arwl iu iiirwaFting I lie nvem ll effidenr>% Nliciug the inramjiig 
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i^KWKKACK SKWAGE iJlfiPtJftAI, 


i^IuiJki* wiUi the partly .iiupwli'd Nluaw. llw pH nihI lu-ntiiiK to ihr optlmimi 

tumponttUTP lur conliitei! inttmllv lo Hip primary- i!LpMiii>r nhilc fJie rccnnUjify unil 
pr-rmilJi a((iTH iwn:lp(ora4(c of tin* sludw niirl in fn^jumtly pfiuipjityl wtih p Bftp-hfilrfpr for 
af iha- pmducvti in Ihf riipefltiou pnKvsa. 

Ttii* dijpestcr mjiy bfr by bpt-wnt^^r imninriMil m tlin plev^-^ 

riUly yr f^pirtiHy ntdUhd I.Kp itiner wa.n nf thr C^n^latirii; thr miM’^nuitiua.t 

ihf* slydKt* ihmuieh hiat b** bff-ci ilnnI aIwt a inramc of hf^tirL^ thr^ diKi-^^ltr. 

The' hnttinK watt'F tbi^ cnila at r^O to J30 F aiwJ braviw al aboul !00‘"F. 

Su|iemAtuit Thi^ liciuifl wbinh fmni the during iMgtvtiDti k 

jy^jnJfrue, It IH frtui iLlid luiilndorniLF^ ajuJ umy Imye a Bf>D yf 2,000 to 3.000 ppm. 
The^ mifipt-wh-ei I4>lhlii fliiimid not r3C4‘<-e<l 300 to "iOO ppm. Thyi supernatuql bi ilrywii 
LifT fircim llw' diKHTttrt lut fn-tifci aImJHi* lk« tnUi'F. tliffiujth fjijnsi KmiiJK{>«| lu lakn il 

At vNmw *4ink dt'pthHj m liuai tlip ypi^rutor mu M-krt iIiai di plh wheit* thi? Siquor W n 
iRimmuni of »m>1hIh. It \» tylurnixJ to ihe prirtkiir>' ijiijt \n fmjUL-iit hoiaH quAnti- 

tira in nmkp wAy for mbitivuly RunUimoiuf iruEeKfi-ni of fmm thr lAiibt lo 

the- dinFfltrr und to Avoid thr produytEon of ecptir tvmditioiih in rh^ pntnsuy i krifier by 
thtf Ar4{iii^ilion of too lArp> A vdumr nf biRh W)lJ tiiHirnii] nt woy me titcmV 



i>Of/0r^ 




water 

^mp. 


tn(fiEaP'f>g A 
fhwmatef'^ 


Sfl/dQ€ 

pifir^ 


Sfiidga f/aei 


^xportsiOfi tmir 
T^mp^ing ifQtfe 


trrr />>wj 


^naicotifig ttiermometers 
'^raf ttaat ewchor^gif 


5 tfiEry valrJBS 


Fio. 47. CirAWTii ArTAAffPEiPPOT ijf afdod hvnt rirEmo^rr, Itoiler^ pjid rjAp^ier, C?o) 

An impruvirsl Fnid>knrl fot bffitii]^ tlnr rJijti^tfij-, dinido|Hvi by Dorr Co, b vhuwn 

in Fl«. dV, in wliirb^ ituiU'nd of ibe Inr^r solb hrnqofiinr um*i\ in tbb o|A'mtion« a Hpioil 
Ekfikt fxphanKFr ia qjifvJ, wbbh rekfimtiiof two tnnrrntrk; updrtib wtliJid loKPtlirr'ihrcrtlKli- 
4HJI thi'ir li iiptb 141 iiiAkr AJt4'nuatr fbAifcnrb for tk rin^nbiiini^ hot M Alrmjuntf-jTurrent 
to tlir alLitlffi' liiiutjr from tbr lii^cmlrr. hludKi! liquor u rnntinutrUKly rioruktcd throng 
orir npErn!^ while hot wntiT U pumiied rnuiiU reurreiilly ibmu)(b tln« other. The owra- 
Unn k -‘oiitiniJiAi-i with di-idgn i^pyHly twwi o^i diuly drjTmiub m\}\et tlmfj Tor Sorter 
litnir i'yr3», Tlir rXcliJltt>pr in dmijcttnl Ui nd^ tl,r of ivtudAe liquor 

lO^P *bilr thr water trTOpttmtiiw a «miliar aoiHAint. The uwwi jinMib-al temneni- 
lure for tuLtudarlory find eranoinw aliidw' dJj;e4i|iih b \n tiir niiqiophihi' miiAr yrrfr^btv 
at SS^F. 
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NormoJIy, nJiiclfp? iti iV pKnwr>' fmiii 20 to 30 daw imd ia thf* 

Hc^oi](iAr>‘ uidt frain 30 to 4o tini?. 

Gii Pr&ductiw. imji ^Unwly iwi'ntiocw^I^ [Uiiu^mldi' rlH^uiiiiHJHillon Im 

rninponiotl by ibe prEtdiirlion of rorwlprahli^ fiiMiititki* iif «»>:_ fjjiei fititii mIuiIrf- fJi- 
(fr^frTR 111 lijamSly mtffpnwil of 7ft pcrtwiil rnt-l \ typicn] Himh-HUi of [mhoff 

from till* Calunud plflrk^i fT-drutto. yiP^tb 7^.4 p4>iTi>iit 14.0 flOa, 

n.l pf-nx^oi nitn^n, wnd il-5 fwn'ent o^tyiCDii. finhckf tliu jjpw of 

isludip^ 70(1 kter» por kiloj^m, or 11.2 ou ff fw^r lb of dry ori^t^nio Tlio iliptwlion 

pron>Miq In UAiuill.^k' -^arriiHi onl^' far i-noui^li k» tlmt iilfFrkiEivY* Offom ajp Abieor niiri iho 
^!lii1ko ilriort injiily. TUk Fvi 4 uim« abuul 50 pepTfot mliadioti in ori^nier Aiidilit wtlli 75 
^M'nvnt of Ibo ullinuil^r jMwMble rhj* produrtion. F^oh jMirt per tnillioEt of ori^do or 
vnlqtilo «>1UI ^'ould then fwodure 100 X X 0.75 X H. lO/t^tXXbOCKi ^ D.tMMMU rij f| 
|W J- 4741 |Hld for 100 ipil |M^r [^i|iiLa daily hpw^u(f flow. A wttiup? teith 100 ppm vnlnlite 
wtlliun Kliidii of whieh SO Afi> rf movwj by lartk tti-altnrlif itbiniy iheti prndurp 

IfKl X O.fiO X O.QOOfU p* O-.'kl v^ ft jn-r eitpitn pc?r dny. 

Tnblf 41 RiviEft tliu nmnviut of produced in euNo fr^t pt^r riipita day ut a nmnbrr 
of AnieriraJi and European pbnb^, (JpEiTnuni ronrlitiotip for pniduriioti occur at a 
plC of 7.0 to 7_0 and fl l<^mp€MTitUPp of afiout liO' to 05 ^rb litw^ a bi^otiiiK value 
of TOO to 8100 Htu piTPU ft. 


Table 41. Gaa pHsmrcmov at Skwaub-tekatsiemt IV^mth* 


i^nl 

1 

TVIpt ni nrwmttr 

TVflF ni aIihUc 

TaFii 
■ tujv pi 
dijenplii'iEl. 

1 ftp 

ClI fl 
cjf ipu 

CvlHtji 

fse-r ilnr 

VcilLlllriJ 
i^r tik 
vektik 
ApUifp. 

«u ll 

I'pjoiuf £jf 
EM ppT In 
t^Ubi ilr>' 

MfIkU. 

KikoMfiUl. Hi , 


rriiniiy fiEiii 

07 

0.71 

9.7 




kiaEb prtinljcdj 





r'nlar RhihiJs. Imi-B 

]3«nkeil.|ir i>l>i4a 

l*riEaii>' I'llnr 

V7 

' 11.5 

U.7 



Itmilr immt* 

Jiiliuui 
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tiflA w cdlreli^l and uaiI for power purport-!* nr oa rnri for hcjitinj^ ihp Aludpfi^, CiOa 
cril]f>rtohc an^ provblc^ whirb will tlijiLLinite nil port^iljiliiy of the admwiuii nf air, mUhv 
miAturcA of (pw fttid nir art' »-s|jlot4vi^ wtih ihc profmrlion of kii.< to lur viirti inK frani 5 in 
.'50 pf!t.^'nt. Soyernl AerHuia csttilontirLA in Aliid| 5 rrtilip{OTiilion taitloi bnvi- ortnjrfiHlj anrl 
Airire it w jK»qh|(* tliat sfiarkA ma>' lie produmJ, wincli Bill ijnntc tlin pa^K !!afcty from 
huch i^xptoi^ionH Ika^ in ao ihc phihl ae i«} pty^ncni lormatioii of t^TploAivf^ 

PhlAtiirra. Whim ilittl'^EioP cll.ntlll«^rH nro dminr(l for ty|JuirH, they ichoillil be- 
vi-hliLttU^ befon* bilKirei^ nrr^ pi-nnkit'll lii f riErr, 

^ vtd WiiRLaL II <rti Jtmr . K !•. l.'iH. 
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aUT^'CRAOE AND SEWAGE niSPOSAt 

Tnblp 42 kItm tht jf|iprQxinint« qimnljiliv of iluiiKii produeed hy tt» ilitfpirnt mrlhMlB 
Ilf tuFalnH'iit, iiirpUiit willi dip proportion of solkls pncl'ihc nwifio Knivit^^ of 


Tahij! 42 - NouiXAt, Voluke. or St^nret Prodpced ar Difterext Phucbmiim or 

Tbkatiii£»;t 



Slu 1 

prnreAi 

Normal 
volume |Hir 

1,000,000 ffid 

of ifcnuge 
LntaLL>d.K jPlt 

Propqrtirm 

of 

pawctii 

1 isperlfin; 
jffnivily 

VVVi|tJ[il nf dry 

1,000,000 

Ilf JWWB|^ 

trHfctH, III 

AeLiir^ted elutl^ .. .. 

Cffc?!iiiie!iiJ ptwjpkui ifin.. +,, 
PnriiiLTj' fii'diineritAtiiia,,,,, 

l>[j(u!iLLN| . 

^TcjnflBr\--tAnk ifludi^ ... 


1.0 

7,S 

5.0 

15.0 

ft,0 

LQ05 

1.070 

lr008 

JrOlO 

1.014 

2,24il> 

Ip-lOO 

1,050 

300 


Thin tftWc ihP qunntity of nluditr proiJun^ hy ihe Rcti™t<J-alud|» 

nii-Unxl tind dip vi'O IftntP (luofitily rwuliiiijf from fh.!inioi!il pmslpltation Tho volumn 
r,r dodBP rftppiiiln Ui, d,.. pprcpnloffi of «>lida rpmov,^. tfir nmonot of »oUd 
oditid an in ^aiRol piPi jpiiatton, Uip mowttm. ixnitPot, „i,d the rtap, of ,JiKP,tioi. of 
the nliidBe. Of tlieifc. itw mmof are eootPot iuw the ioflut-hre mi voIuiop For 

example, when 1 lu yd of uludge irith 00 prrpent niul^turt contPol ia drieiJ on boiL- 

to lid la reenl ninielun'. ilm voJunii- bcoomew X 1 ru yd - 0.25 eu yd. The 

imiKirtiitice of eonePiUrjiliTig ihe kludge an mueh im po™iblp hrfow final d™teri.ip or 
dbfpCMBl ift thiiH appamii. ^ 

Jh the digr^tir,.. irf e(ndRP, a^«i ») (a-ox-nt of the nothin noi ixinverlPd into 
and liiiulil form. 5lelt-iljj|;itited aIhiIki' euaiuina |,w noter ttwi, that which is onli^rtlv 
cliKint^Hl. in lesB odoruun, i« mow easily dri«?d, nod remniTis wtatilp ji/i«r dn inr Pi^ian- 
Hludge U moip mulity digentisl anuctiolii«db' tluin m-livuied sj inline The ™- ? 

ilignited either alone or oddefi to diidvtrd priuuny jIuJkp if the poiportimi ^ai livLl^ 
ptudRi! IB not too itrunt. istiiilBo difcejitioii » usually eanhxi „yt only i*, ihc noinl wKr. 
oiTenniVe mliWS Mr nimelit and die elu.tBP is dried easily. A* Jjjm been prevEousli- o«.r 
tionnd, thiii miulren nlHiut BO ptreeiiL nsluetioo of the orgnnie solids. V^ith *’ 
slndjtP, ntiout 75 iwreent of lU* lias ptodtietioa for cmiiphrlp (liurstiori ha* taken'pW 


Taulk 43. REciouatENnui CAPAcmai roii tJt-uiHJB-DifiEirios Tasks ^ 


Tyja* tif HtfWEiEC! Irmttni'Ut 

1 

JJigfstion-taak cajmeity 
eii ft jwr mpita 

1 tlLTikfl 

UnljuBUHl tfltiki! 

3.0 

1 4.3 

4.5 

4.5 

0,0 

4.5 

PInin s^NjifiuFiitaiioia. a - ..... .,. a__ 

Plain ^iinuuiLaiiiim wkh pn^pitAlbti_ 

jifAnHartl irii^kliiajriSlloiw. . . .. 

Hipsh-ctiptiirily fiKehi... * ..... ^^. 

Adtival 0 il sJudi^. .... . . j 

3.l> 

3,11 

3.0 

3.0 

4.0 

B.0 

Oiitiinct ai'JTitiijn, r - ^ i ♦*■■■<■■ > ^ ^ - r . + _ ■... 



t "EfL«iDeBrifii MiniMU." CNpi, VJI, riA«# tif Cthkf u! iLJundiBoiL AJ^upbi iim. 






































£LtTJ)(3E 


Ttip capacity rjf Lfitiki! aviTni^ ahfiul I to J-^ cu fl p<?r impitA, whioh if 

CE^nivatrnt io r dij^*i^tioii fwfritid of 2 to a oiouthd. Ahv Incn'iw io tlw tnUr of 
hkJow's ibr rixpiireti carnidLy of thn di($r^licHa Umk in diwt proporliofi. JnihuJT Eiai^ 
thAl H i3f frwti m\[d^ jjcr caiiife* un^ontributwl dully todiF;H»^] pbnbi And dmt ihis 
b rrduwl to itbiMJt jpd duriiig l{4'iliiE-tion In of Ht>’ inuli^dul is 

oliviouMly lc«f thnn thr n^dtjclion in volua^c. Wliun? I'jrtrfrnv^l^' wcl fludKi'A imji4 m l)mt 
of i\w nctivotctJ-^luilRi? tni^thod are to l>e w itli prininry mi luldilioEiAl 

voliimE' allowance tip Iq JlKJ jjf rrent should be provjilifd^ dt^pcnditiK on the water contenL ‘ 
of tliF Fludfte. nii; ra^iotiltiiw reixuujiietiUeil by Imlioff fot j-ludiie-iliKwtioii comparl- 
nientf are j^von in Talite 43^ 

Kecineth MJen sug^eeu a sludiec^sitonipse space of m ft for couibim^J sviifenia 

with 5.25/'*f> ru fl for i^piamte jcystuuuip where P b the pofHibtloii in thausnndj nnd D 
lA iht; flludKOKleientioEi tM^rtod JO linya* Thb provider for n sludfie of SO pircenl inoisture 
cOEiteiit. 

DiEKdoii ef Garbage with Slndg#^ Cmrexit digefler experience iinlicali^ that Eimintl 
Kzirthoffe can Vje fiatbfiit'tynly digt^ted with wwaRr iilijilge. Jiala on (he qiianlfty of 
garbooi^ p<^r eapita indicate appm^^niately a population exiiiivalent ufO^ as a fair liailv 
average Thi^ RiveM: a S^hiy of 0.07 I ti of osyppen ;kt capita diiily ju? componal 

with 0.2 Jb for domestic jwwage, HuiklliiiR thi.^ complete garhoi^' of n elty would there¬ 
fore inereuM- tlw IK>1> of combined weifi4.fi about 30 pt^rceEit. 

Garhttjpe eaji he Rjounii at the plant or by indhiduai hou.4cfiold grindem built into 
the JdlcWn aink- Kofklimcen built durinjt recent yea™ have bee.u thus etiidpped. Such 
dijq: difjKKBof hm inercofed mpidh% and bod affiscTed the vartoiid unila of dbpn^l pUmts 
differently* 

Sludge duLractcd^tics. The kludge from pbin fedimenlatioii h* malodottiu^, untilahlc, 
Hlimy, and difficult to dry by tin? ti^uaJ methmia. That fruto rhendc-nl preeipitalion 
produces kwi objeetiormbie ixiors, ia MoiisewfLat j+?llylike iu eeiaiutcney, and doe# nut dry 
to n gnmular iJondition on the stud^ bioK Digeided i^ludfSi? hrijt only a .nlight oJor w hen 
dfiwl and w niorc ea«ly dewalcrcd tliun primary-tank sludgr. It tmn only forlilijr- 
lug value. Slmlge from secoiwJary acltling tankif lias a fiiiglit cirjor atiEJ Ijecomes i>frtmjrive 
on standinjE, ft h C4isily digretixl with priinjm -tank s^tudge, and this practin- in iunmlt^v 
followed- Aotivaled sludge w Itghl and iiocriilc-nf when wi^JI activnledp is iii'arlv odorlw, 
but Tnay quickly beetune d^^sy^tl^natcd on ^tanriing fo that aaBorobii*' digi^tton lK'gipke^' 

It has a vejy' Idgh wjiter coEitent and is liitfwmEt to di.^watur, !(> firtiilzing value b 
Kofater tlutn (-hat of either sludge^ but to bn used as a conjmL>iciid fi^rtiiizfT i( must lie 
dried to 10 pi'itTnt mointure content. 

Sludge Drying, Wcl sludgca may be canccntnited by allow irkg them to iKtand Iwfnre 
fiiinl eJew'atoring- Tfu^ drying practBii la hajiEconti by conditioning the dudgp. Thw enn- 
in adjusting tite pH and coagnlatioK the sludge by the ndditioEi ckF chemirajA, 
.Studgie drying on hedn L# tike moat frequently n^otl metho*! for aludgi.'- dcwiilcring at Kuiall 
plaiiLd. i^ludgu pre^Hes, var^uiim filLcm^ cenLrifngcs, and he&l driers arc uml^ partlculuriv 
nl the Eargur plants ajid with Uiuactivatcti-^iiluiigc pFre’c-m which prreiEice«a riludgc Iw^itor 
suUihJ to LJat^ a« a fertihxer. i^ludRC beds iroriKUiT iif 12 to 20 in. d^pth r^f ^airmut maleriah 
iLHUally bruken sttmuf or gnivet, co^-ered with 4 to (i in, of wind. The niutcriab an? graded 
with hue ^Eid 0[i top In ihe sludge from working dowii into I he and to prirvr^nt 
the tvniovaJ of bUor nintcrial with the dneigD wlki?n ilie |mh 1 k ele'iLtiiHL l^tds are ij,-*uu]lv 
UDdenlminiHJ by Uk* drains pbEo.^ii 5 to 15 fl apart. Tempufatur!! ami miikfall aflfx'Cl 
the t?Hicienvy of sludgi- dry ing on ojicn aiid grcrnlknn.se conkUrtictinn k now gimcraiJ v 

to nuike drying jitkfidblc at nil reayain#. buch cove™ aEso assiifl in preventing the 
eliawininatieii of odcri^ and rciluci: (ho jiludgc-Atorage capaciiy nuiuired in I tie dige^tkn 
cbambtir. Their greatewl elFicifficy can be nttairHHi, httwiyvtr^ only where ihe digEVtion 
(iroctaiff k ncoeJetat4.di by heating so ai to remoiii praeUcally constant Uirtnighnut the 


^ m 
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yntr. Thw i* etRn (p^niTnl |MirUw, Onp n^uimv JtoI prr ni(>dUi of H]ui£i]S-bed nrwk is 
onJinnrily miuin'd fur ioiieri b«iF, Injt tliin ihav lx* re^iuwi by 35 to 54) frt^nfrnt foreovpiwi 
beils, T)it^ hish ifffisjwniiurw lo <r«TprH| (uniiit during wnrin wi-atbpi- nmy caujip diffi- 
rtUtU^ front biologiLTil tw?tiviiy of vtnioiif^ |3fi?aip^ rtp iijird 

with L^h^^mical prcripitidinn juid xctivaoxl kludge. For tbr hi^h prtvmir«n nnri 

loni^-linie in('romc rn^< jw irquii^^^^i hpraiiite of tbp hii^h n^jilpt L-onti^nu HlndfEP lirird in 
prrpK^a iTuiv be u4 A i^mmy i^jnHiii-|i*ni'‘y diineii]t to hjiiadli^ with the laJcuAl equipincnt. 
VAf;uuin o4 tfw Oliver typ^^ hitvp loiif. tH'i'n tineii nut'tAwfuUy ttl imuiy ptooiA. 

They tonrbd of rrtiivftn-oovervd HiiJi.'h wvolve ^vhilr [icirl ly uiiiuenHsi In siudjov 

A VAruuni umdfr the dmni nwkt^ the ndhere to tie^ ihnl it b i‘umnj hy 

mtAtiDTi Above ihf- Hurfneeof t-be Mliidite where the varutini drift* the Thiik p]tjd|^> fllni to 
7fl or Rfl pt^m-ril weiter contpnt. U U ibi-n n miiveii by a N^rapM^r, And further dr^iuRd tf 
dffiinxi^ iiuty be lATfomiwJ by tii^l driers- llie Jut ter mrihbil of n volviiiK meUtd ei llpisJern 
uiih lieiit A|3pKiftl eltio^r lutefTiiilly or h^siterntibyr Tfiey jin* mllpd din'rt- or indireet-hftil 
driers- 

Tatilr ^4 (pvi*# dnui tuiLwriiiiiK tbe rluirtiK'ter of duiJge r|i-wektem| m eutisl pewhRi*- 
duiposal It ulsn tdVE^a dnta on cdiPFnifAi nnd pciwnr sd^wtfi far differeut cnrtlurii^ 

of [by log or IneiqeniliLon df llie slucl|/|;yu 

if Fiuttily dirpased of OM filUisg for Sow Anrto* t^r ipven or i*oid to fArniers for use 
an fertdijwni. it hns beeii IdriB frequeJiliy btitiMi or bLirued. Tbe iiiritKfftU-idii of mlodRe 
huj* been rw'eiviog more attcnlioa duric^g iSie Ijut few yvors. Gn™, nr uiidigr/Blrdp 
buruM n\{3rv readily thnu doe# iligesttsJ nimliRt' sinre ii bt# n hifbrr orgAuic eOEiteiii. 
It in biimi'd at akjoul ITW F Aud nNiuiria litlli^ iulc|itii>nal fuel nfier the inrihemtor Is 
in opt-raiioci. Tls- l>iiriMiro pbml imi. U-ea in -cirirf- Jiioimr)-, tit35. ChirafSo han 
umhJ inrinrraliotfc at ius Calumet pSani for sevemt year?^. Hrre the Audg.v is drifti mi 
varuum driem follfiwefl by heat dryioR ijy vapior 111 u ebi#ed i^^aieni. Tin' dried *iludRE^ 
m ihm burtHti I El jqjspf'Oflidii as bi titi- l>Umin|E uf Irtllvi^rir^^l i-oal, I h troit i# pluniiitiK a 
filiml to bum ujiiliifPsted #LudJ^l^ rtrucii* nhreddiwl (tcreetbifig?. jimj gnt rombined. ft is 
■H^ldwn fMMeilOo to denve ati ifjeoTtie from the of rduiige #uf1icien| to pav the «wt of 
dewatering. Tbr inott! impsrrUiit problem b usually to disptiw of it mthir than to 
obtain n'ViiUije from ll. 


SEWAGE CHLORIWATIOM 

Gblorinr^ wlikh long has bis-ii lbs'll for #U^ri1king wau^r rqippln-a, ah* ha? Ijcsm adapted 
fn mmiio of the prublunis of #ca age uw I Dieot, 11 has been UNfd (J) to #ieiili«e thi^ ^aaice 
and tbne jifottH t puMie wnter supplies anil prevent the J^read of diapaae, (2) to n^iun 
tbe BS >J>t 0) t*J eontrol odor* nt plants, i\] to postixme hicH-heniieiLl aelivity and ihu# 
miiiimisso slreani ptdlulion ifnmftJiiitely below iSie plain, (5) to roadixioi] sludge pn- 
paratoiy to dewBterinir, (fl) wsih aerattoD to aid in grr^ai* rettiiaval, and ( 7 ) ui inbibit 
sulfatftMpliiting ban leriB anil tbu? miiiinunt at'id formation with its detriubrntiil eO’iN-l 
on foncrt'tp in diapcesl-plaht utrm^tun's. The need Tot •^teriSixation ariw from the 
iiii'owily far proti'ftinjt Mati-rKnpplii-s dowrnftnrtkm from the m.^.wivr outlet or for pp'vetit* 
ing contamiijntion of ncigldsaHog shellfish areais. Thr Ijaeterin an* destroyiNil hv oxiihi* 
tinii cjf tlie etll proloplrumt niiJ by aermiriilal aelion. Chlorine im ninm ranvrnientlv 
applnxl In liquid form but w:is fomierly Used in tlie fctfiu nf hypw hlorite of lime. The 
peoEiumir liw* is uxualK found to K* timt aniuunt which will prodm-e a msidual ehloHne 
iHQiitent of 0-2 ppni after 10- or 15-mSci miitnei, Thi* amount rifUiimf di^pemln on [he 
r5ion nr drnkCimf of tbr sewrtgp, ajitl thk di*niainl verier w Itb tlie miiLvatnition and fn^pl^ 

tif the ft wngi' ^bbh- 45 ifiv.'s the approaintate qiyintiti.Ti uwmJ. TIh- Latger rpaiiti- 
tii*s are rwltiirt-d during thesumnn-r when bkilogieal tteiivit_v k wbils the kiwr 

vuJtirt# are usually ^uiinent for winter eoTiflidrm#. Only a lait-f pfriod uf coptfirt i# 
DceeH^try I pmvirion usually bping roMie for 35 to ruin ^^tenage after cbSorinatiofi. It 


TJknu: 44, CoMPABJSojf or JywjfvrtAi, Itemw That DjcwAncKiivn Ciism * 
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BEVl-EKAGEl AN'D SEWAGE UltiFt)SAL 


ts E!i>inni0n pmcdce to (lie plnnt i-fflutMU m ihi- Ijwt «t<?p in tha tmfmpnt pnif^ 

rasn. 


Ta&LE 45. C^[LOIlI?f£ RjCi;)tr||p^||i;.VTH TOR TUT. Sn;HiLJ3ATltlN‘ nf SewaGE * 


Chlotinr 

NiAtiirc Gi -Sc'ft'eLi^f! ppni 

Onjiie nr nnttlrd frtah to . 

or . l (>-25 

Pillcr+^ffluenl.iiiflaont loaimljKfEltiriKUGk. / ^ 2-5 

Activaled-tilud^^ offlu^nt,, . ^ ^ . 1-3,5 


r* P*TBl*|im«iyi b itew^jp? Cttai^riluiUHv. JniL finu Sftt, /wef., wL 1:^ 


Tlvf^ rtHSiiiiiJoti ill hou ia j^ppraxiiiut^^ity 2Jt ppm fi>r t-H,Lli part ppr nuUion of thluririe 
u^d, Chloruit? AHisbtj In nlinn-rmting odors hy n-tlLUziiin tlit pj-udMrlion of hydn^cn 
mifide gaa from tbe sulfntfis pn«f€-iit, ll« itormiiiidjiE betloii dors not appmr to bt ili^lri- 
mrntal to the dii^^tioci uf or the opemtion of hpwjij^c iiltejK, both of whlvh aiv 

lein^ely biolojpi'EJ m fheir netlan, Tl^- ^nknll msidiuil iihlonne eonU^nt i* taiHly absorbed 
by iIh? hij?b ghloriiiu detuund t>f the Furfdee hIikJkp or Ijkr^i'ly difisipaled wtorn spniyi'd 
Itom fles.'A|pe nozz\v». The efuiipmerd uned for jtpplyitiis ebbrioe b do- juune i$m that 
for wrtter irefllment, ft is idniple, relatively ine7ipe]o.jve. ond oi|Mible of Jinodiing die 
larniT fiuBiJtifies ^ hisih are rci^Mifrd m the trt-ntment of «^wngv. it luis many otlnr iipies 
lUo, in^iluriing its use wUb nlr in r™«? rpmoval by nemtion, pn vcntioo of foijminBp nnd 
iiiiprnv4;inenl of uluitse' inJm. 


llfDCrSTIUAL WASTES 

Tlic liquid w»l«8 pTodueed by tht vttrtous indiuttrinfi ntv u vnried in tho cbonirt^r 
«f tbf iiidiuitrija procww*# from wliirh ihey ortp;iiuiti«. Thoiw which upe ,»f jwnitnn- 
diltnificiHiw in thnf (hey place an tayncn demaua wi du.|w«id |daiit» or Klrramj. w 
<!imt4uiun»te RlrraiuK from b (moIokiciiI Klondpoint nw tiifd>ly e«itc!i>(itmtc 4 l m. io NoHib 
and cwi Ke.n dE niand- Thpir imture and ihc nc«l for trt jKmetil wu Im from 

Tabic 46 wluch iftvrt the B(JD and fuapoitilnl^kb value for the bElwiriul wM*tei)* 
rooet ficqucully cncEEiUEtcrad. U in lo be nalirmi thnl dilbreEit uuiU arc iwd for (he 
dlffcrcnl (> (!«> id waalid. Tlib. Ieeu< to tie taken in(<» a«eouii( in dclemuninK rclati ve 
mnEi'titrutitiEw. Tile total eulirb, KUnpencieEt poltEU. aiEil HOI) nrc iieuEilly verv hiuh 
For exEiaijpte, a lanneiy' wiwte reported tn the rwtn«iet,«nj, ^ ft, .iniefUM,, of 

Cirit enffiimr *' half 20,542 ppm (otal aoliib, &,m ppto *unpopi[|»i wilids, atiEf 3 St76 „n„i 
5-Elny HtH>. Many wastre arc even (core EHtneentmted, ' ’' 

Tlie tnetliEKfa «(iipt»y'>d in treatiEEK iniluatHiil waJUE-. are neEiemlly adapiattoEw of tJie 
luellvodfl dlrcatly dbnujiBct! except that eliemical» ore nuirc rmtuently urcd for pi I adjust- 
ment and i^axuliitiou. MieroDr«aiiLFmH aunh a« ytawt may Ik emidoicil to utilise anr 
UKpir prcwht. 'Hie preHeiiit' (d gTEnae, even in amidl quantitiiie, nmv prcvenl tlie ui^< 
of gain) rElP-tK lieoaune «ueh eitcrc arc quickly rlaipEe.1 by the •oiyifitwlioh of tl,c jtrE?aSE' 
in Oec voidi*. Aeidificalipn in a-Eeful in eoaKuliitliiK itreaEie Ek> that it raiE Iec rcparated 
from ibf- waste, 

TIh- etwt of trPiiinietit is ni^ujilly larg*', nmi to ulfBet this, nt \i*n»i partly* ihc riNdamii^ 
tinii of Ihe markftable injifTNlien|#i in i^wn wiwEe \a frvcpji?Ektly ftttempiiid, Vpedol l^t 
mrnis hAVit bec'ii deiidi«ed for ireluitniiig sfime of ihe«^ hy-pr™Juct*, with vm^ Igje himucini 
Rureess; hut for wne wilbUm no prnetieai reeown- pmews Iioa oj* vpL worked oui 
Spretal kiiowli>dRr of fclu- indujrtriai pmt™* iuvntvi^ and of the diipomil ni^tliods which 
1 Vii M, ffr |3TT>, IKS. 
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ifStfiti rf#D/A 

j/ i/p^&fts T/f/y , 




!/«#/ ^ 


At Stf of 

sAmt t^wtf^n far 
e/toroofo optrAff&/? 




PJon ef FfltJuBftf cftattihif 


S'B 


frta. 4S. Ra%i«Jii:-ttUal ecptic tank, doEinir phumbfr, aiui fi#M- 

fSapply, kSi'inrufr, /fir PvfJit i'f( fJkwp" 


AlTflrftDtH 
ftietisn i-@ 

C'^-Vanaal i\f 
Siui< Dtpartmi^ of 


tnay be applicable is iioi^nry for fhc #oluHori of thew prolFfenip. J'jirh wiufte ti 
9^pam(e pmlT]i«m ntwl may reqiiirr iftpefbil and iwlly tmilmi-iil, 

\Mierti tlip wiwltr i#. dbr-hjiri^iHL into the oity H^wen* (o W, saf with ihv apwai^e, 

31 ip diwlmblp tu cjsprvirw itn atreoi^lJi in iern\§ of I bat of Jho doiTK-stic j«ew aKn. Tlii* 
iB nrtmilFy done by determinini^ the PouH^hnt ivnpiilation whieFi would plan' nn npial 
load On the dii'iKmal ptiuit by iIj' conliibuEion of domefitie N-wn^ie, The Ii01> formp 
I be bwt for mtn pnfinnn. For example^ trl it W fi'-quinHl to delermitir I hi' cc|niv- 
alenl f.H>puhitioo for l,CMXI,00b gnl itf FarkinieEown wiwte. The 2Q-ilny B<>D of ihip 
wiune from -ChifTijfO exporimentw * cf t^OlO ppm while that of ClYtcaKO dortn-fttiE: mt'wn^ 
h IfPi^ ppm. The equivalrTit domcfltic wwage^ ttuiJX’foit^ would lie l,nil>/ins X I tp^d ■■ 
fi.l 1 mud for I mi^l of Pai'kmptow-n w^pale. If fij^urod on the liiu<iif irf i^al pi\r eupsta 
daily for the adJrreenL imuthwv^lHddr dbtrji:!^ I he equivalent tiopulatltPia would Imi 21^,800. 


ibiMM. JOi-ifrirl, rk^pf^ ffnj. jffjrf, 3!Hii, 


Mfft/ptif 


//ffort 

























































































TAftjiK |>F Wan-te ]>I71^-iiaie£?e/^, Popiu^tk^n ^KB ICyKij^riOKM pi.;n C\jt or pHODutrtiD!?, wmi 

Typical AvAJ-rnrAj. E^^ni+iinsH roii VAiuiwrM I^tll*i^^^^rAL >V'j^mtkh< 
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’ SEWEHA«K ASH 8KWA«E lUHHlBAh 

Ewh Miwtrwl 11^^ U B .piTial pmWm, Jiiid p-wnil Lnrtnictioii. conwrninif tm»l- 
rtipfit ape of little vjtluo, It,. pHTtieulnf rhufticteriBlirf mtiBt bt* detrrmirvwl by tr*|* and 
appfopmte mnthgds for hnmJlinis the wiwte Oertted. [n {fcoefnl, .iieh wiulr« nff wit* 
^erably more cnnwnltiilcU ihan dnmwtje anil the ajiimint ol whIo handled 

j l e dlH^rcDl iyp« of plant will he MtTi.i!ip<jndSti|; 1 y dn-reafvd. Mart tmitmrnta 



Fm. ^0. DaiaJ of tlnpinx Vieltel with l.ih fiUi^, (tp.iy, f/«W *™«J 


fmt 

s^tvp 


i“i*Trills,~ rcirT! ^ 


residential and institutional disposal plants 

WTiere «>»enr nre ttot availablp, u. in the eiun, rrf j>. n' l , 

duulrial plaiil#, the jiini|dcwl methncl of previdinu ihe nceMnarv. 

emptied at inlen-al^ ai iiK.d„j. The iw>.t aatinfai tim' rm.(hr>d 7 

without water enriiujcr! fin* chrmirat ioftrL ThL-i upualk' r exclrt-ta 

„,.,..i u.„i. ..ri,,. ™p.4"„r Si'iSTii.” S!:n“ '7 

mMlniPtwl I>f oopptf'btTtrinK BfiH'l, wtiieJi h ffTiBimr to ti,« 

A Bolntion of lb of oau^tic «>da tn <3 H o rw I f 
liquclin the egtereta in tla* tauk and nMJiilrtai n>n]ai't>nti>nt‘ i. ** "teriliwp anil 

monduL Tta. cun lent of chctnjcal toilete when omptkd I* liXu Bleriirand TmT'' *'[r* 
ffce froill Odor. Cfjujioflf* have bwn rommonly iw.l i„ unepwi'p™! .. i 
water I# available far hniiK-holJ Bewfm. The ctwtmnl ta a nit -h' i ' *'■* *hepe 

or airaofpKl Ki Oil to jatjmit itn eontent? ro Irarh out ijiio tin* "Ul^ijsht 

are used for tlie water supply, they nhould be plated at lejisi 300 n'l?*!i“' 1 ^ 
resfpoolii to avoid contamiiuilloii, Ttie adjaiimt ,wi| gmduatlv * "r? T’ 

iu wnfe wlidit, and orearioiiat «V(Tflfiw!i of an uffeuMve nalun- mav ne 
^(eplf[■ fanJfj iM*! mueli mtitr natJidnetmy far Kt'in-nd um‘ 1%,^ 
partmenlv maileaf roncfetc, iirii-k. lile. or itu tat, in whii'Ji 1I11.KL..1. 

in comteetion tnth muuieita.1 «.|„ie lat.fca lirnL 
mridential la’ptiu tank wltli a aiphon dootliK elwmlK-r aa n^vommen.lerl hnJr1i'''“j!l'‘ " 
Departlui-nl of llralLh. Tlir pwitllir* minpartm(<nl siiould tipiivift ^ ^inobtale 
*PWaBe flow, exeepl In larger plants wh™ tl.ia niayr niC fo.ir'r''"'" 
ml id mum capacity of 2110 to 3S0 ita! for Qw pcrmiri* in rwoinmend.vi f 'V * * f' ^ 
with 30 to 50 (cal for each additlonni permn. For ichiwli,, fnetariiw ^^,,1"^ T,- 
•hi. I, .. .5 » ao ... ..i,k 5 SihhlTliiS; 











RjeSIDENTlAL ANJ> [NUTlTUnONAL DiSPOiSAL PLANTS 9-!>7 

shownnr iltp to iiu^biflnL About 0.5 to 0.75 i*u ft cjf tjjact? per capita 

?*houfd be |jrovirf«l. The inkt w IsiilficnJ «o to (ifchlnliuEe the flow ihmLig}iout ibi' (ank, 
i\ Iiii Ihr oyilei iat fii btneii^J in order to pn^vent 1 }m duclmrsc of ffiMilina mnlter. Periodic 
but inf irqih^nt mnovnJ of ihr dtResliKl n^tlliikg Mlid.^i i* Ttie #iphoti ehamb^r 

is^tijiueiny omittcfi for^nmll plautv, but it bi d^^lmye in ci^rLiitction wiih w^ndiiir^' tmiL 
nipiit fiir Itirtp-r ribnti-. tt pfpvicb^ nn iiktcrtniltent dot^rigu for filters or «ubirriKiilioii 
wvptenw, whirh llte eHitkncy of iFurh v^^^mdary in^atinerit. Wlaitv mini filters 

are lipcij for the tn^LiniiJit of innk cUtuchi. they .&botiEd hiivi’ a cApnrity of 50,000 isal per 
acre per ciay tijtd i^botiJd be ron^t nictcfi bikI opi'm IimJ eimliurly to nkuoidpid pljintif, A 



JlO. J50. t-poik sod Inth filter for tt> Pnbf^ fltulih Sernrx.) 

convenitftl type of trickling filter whirh has been «ji?ed eucrf^ulU- for eehoaLi anti public 
byJIdlngs b mude of Inth, crosat'tl siuJ in loy^rs, wjih a capority of OJ ca ft of filter 
volotoe per giilloh uf i^wage llesitlenfirtl reipjremeniA ore vomewliat m 

the b Um coneentraled. ITir lalbs are so arrange^i tliiil sewage wMoh k dbtriik- 

Uteti over the top hy being iIuji^ihnI on ilUtrihuting boards or channels fmni n lipping 
liuekct -10) rnnnot fall llirougb eh^ar ojamingK Ikyt Irii'kbfi from one lalb luauothor 
ihrnughoul the dejdh of the fiJler, Ftgurt^ 50 ^hetw^ o Idler of thw type fulJawing pre- 
liminai^' lieUlennstit In a snuill Iniholf lank Furh as k rmimiuendeti by the Public 
Health SciAiee. As in munieipal plants, seeandain' ectrling tanks should folhiw trickluig 
fiUem. They nhould have eaiNudties alnout om^lhird that of the primary mdtling Cfjin- 
partment*, 

^ubf'm>afion 1 $ the conimon niellaj^l of secon^la^>^ ireotrqent uwd with small septic 
Eanks, It is a^eoEnpiuhed by cunstrurting pamUel lines of 3- to 4-in. porous fann tile 
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Hi'WETSAiSK ASU SKWAiiK UmPlIhAL 


ft io JO n ajihj-t Htid wilh 13 to |H in. ™vit, Kmm 2n tfl 50 fl ivf pi^r 4''H|jilH Mlnmkl 

be prqviiliHj, dcfM^hEHnn Of I tjif^ pnrruqly nf tl»r mtiiL Tlir filfw* ffhiHlIti lit' kill uperi 
joints nnd with n piw'p of mr fwpiT iht- joint to |M>?vpnt c'nrmi]i‘i' of toll into 
pipp. The pipe in hml pn a jilnpe not to exireeti 3 or -I in. per I0f> ft, Sttfeper pm- 
dxire nyfrloAiliiiK ut tiie lower entl of the liin’, The toial v-otioni^ of the dUlrilpytion piisen 
ahinlUl he ef|unj to or pfn^Ht er tJmn t he di>jtjnj^taEik volutne. \ dippoMi! of ihiji t vpr 
ilepeiidR on aurohpr artivity in tk* Foil pomiliir lo tlint m Intemiitietil jminf 5krni» and 
pipe* njunt tie laid 4ii a relntiwly ulinllow flepih in order that i!«titfiriont may Ik* 

prrwnf for tlik aetion. Thi* pijif in fonnienlly v'f-iited lu ihe hurfun^ at the eink. On 
Itilkjile ImvilirOfui^ till* tile idioijld Iw laid hiirk no si forth the ^\fi\w 00 the Ui^iial 

icraiie# hut tooneeti'd at nltf^nmie I'ink wilh ?'horl FM-lksna nf jiipi* niooiojf dowm Ik- 
Hlopp. Figure 4S ehow^ a flkpriAal arott iu whkh uiifieoitniiri»i tsave hcHit proviifi*il 
I he noil k vf.ry- tjiffit^ it may k* rK’i'wnr>' to ky iIm- iloijoEige till* in tmifheis Filin J wiiii 
BTttvc*! i\r other liaiEermI W m a of nurh Oiaterifll. tfiHJeniniioe lire provideil 

at the iKiltODlF of tbw filter trirnehn> to mitiiVi* th* m*wag]e whit h hua filtemi liowu 
through the ballju^L Frotiii I lo 5 ho ft of trench pi*r rapitu plioidd Ite proviifi^l, ff the 
eflJoent of the !44'i?oikEiiu-.v-triadiiM‘ikt plant in dkeharjrnl hi flJeh a flianoer an to pnifjure 
^KHfihk ™tAniiiintiofl] of water rnipplieit, ehkriiintioh may lie reipiirHJ Tfie apptinitun 
Llhi'i! ia simllnr to iJiat for wnter-puriFirntion plan la. Amitagenfrute for mining ttie 
teinpeniLtiro ^if the feed wain in rold wpntlier ttiny lin rei^uited to pirevpiit eloggiTig of 
the chforioating appanitu^. 

PUMPS 

]>uriiiK reeitiil. yesirH, improvements* in putnrjai liave tiniLie them of gn^ater i^ju fulnejia 
in newagf- work. Thi?-ie impmvpineiilj* ineltide rehahilily, whir}i {» prime 

loiportaEH'e fur nurh pump^; a greater nhility lo fKin?- wiJifk without rlofupog; aiidBhilitv 
to etuiiEl up under tJip frtHiuent fifarting ood MoppiriK En*i™ary wiih aiiEomatiraJh 
i^Piitrrdlid piimp^. Altlmugh n^ iprorntj ng pLiiii|w formerly usfd i-xleriflivily, 
troijhle94 from grit ami sewage fcMih liave enrotllllgi'ii I he di<’Vehpniral of renl nfugd 
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pumpci of (}«• nniirlrjKRinR lypo, lu tiiiun1ioiii.il uinJur '‘J.ifl (p. H-SD). Tliiw 

pumps hnvr rlnwi impellers with only IHW- or two Stmiruliniil hliule* whieh rtennit the 
esiiiy iWjmiKe of Itirur solids. Figure 51 gives (he eimnii leri-sties of J, Kiiirf*nks-Mor». 
tnut piwip whii'h is lypiettl for ihh t>T5e f>f pun,,,,. One imtcwortliv rhatmetriv 

wilt t< the niiUiileiirifiire of » liiicib effieimrv ovi-r a wiiie mup. ,ifpitting wnditiow. 
Pumps of thw t.yi* may be used also fw the finmllinii of sewnge sludge. Diim eonrt-niing 
niiAflP nm\ far thw pumip^ an} fivi^h in i7. 


Tahs.k 4?. R.ATiNrjEi f>r F^iHDA.MiLH-MaRHE Skkaur Asn Tiu-'?h Pvm^ 


8iie of 
'fuetion and 

diBeikaiKe,^ 

lllr 

Ca| 

poidtiun 

Shippiript w'eightapi 1b 

MLolmuiu. 

Lfs.Ss Kal 

jier min 

Xofnial, 
L\Ss ^1 
per tititi 

Maxuiiiuii, 
VM. jpii 
per niiii 

Maximiuii 
flJainaler oi 
^liiht pump 
wdil pjLft*!, 1 
in. 

Vpriieal 

pump 

Hiiiijiaiita] 
pump, hi4t 
dfi^'iMi 

:i 

HC1 

Ss-jO 

440 

2 

1 

700 

4 

20tl 

040 

mi 

a 

750 

050 

h 

350 

MOO 

1 .400 

1 

550 

1,050 

IE 

aqO 

1 .liOO 

2.200 

5 

1 ,150 

1 

S 

m 

2.400 

a;2O0 

0 

3.000 , 

5.100 

10 

1.150 

34i00 


$ 

4,500 

0.300 

12 

1 ,500 

5,000 

tii.OOO 

10 

il.OOO 

7,0IX1> 

14 

2,000 

0.400 

HhOGO 

12 
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n ifXM 

20 
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l^slXXI 
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i3,ooi:i 

l7,tKlO 


m iJidl titMy ■jiRlfUy. WtJtliln nn t|wj uULhm 

Dell-urivrn kiiulM * 


Wlh tmitrifliKiU puiup^, iht^ duL-harj<i- h]{-n>Am as the* fufnd hnt in iffrot-i-r 

prapnrtion, wj tlmt the power rt-quiml aljto C'eire jihtPulU be ta.kmi, Dpef^fynr. 

Ut ffiMutruet thp plwnt no ihjut itiolnr wiil] not he overSowdi'd under jiiiy 
utwrjitijip^ eonclilbikA iw eniiftii^ikrii^s Semw puiiip»^ whir^h tkrv minetiiiir^ innn] fw 
haiidli rkjK BLnrm-w'uter dmina^e atirl whir}! etnisint nf a pro|a-llef ruvnlvinjj ill a (iTmi((h| 
eJ'liFidririi] Bc^^tinn, do not exhibit tliin untilwmijle rhurtU'teri^Eies ihtili^li llidr tltN'ImrKe 

bI«o liii^ri'ffLm with tt ill'ert^inr Eh heaih 

PnH.'uniatie? f^jeetorx an" frrtiiU'UElv empkiiyeil for lifiinE ffatu low-Kvinj^ Ein‘'uj« 

or liptp im^^nieiitn iJito eAintini^ They an? nink|iEf^ elihI di^jK’ndikble in o|iiTtttinij 

und havti few workiaijf iHtrtn to pel imi iif onier. In the ^iukru-ffjpi'-tof illoHimhsi itk Kin. 
-^i2 rwen in tllr r!*feiver until il n’lirhen I he dnsireil level, UT wliicii the Hnun 

njH'rw a vjdve E and ndtEiilA air uiKiur pn^rBiin' trliirh tam»^ thk" psn-wajU' i^ot thr^Hi^h the 
flisrhAliO." pipe F6V whih." tlie fcmek pn'stalin" ehw?«? a ehl^eh Viklvi' fi in the tliJct pilw, \m 
the iiewBLKe dinehiiE^^ the thrait ifnip!( until at the empty poBiEioo it vlofea I he air valve 
und veiite the ntreiver. Sf'Wjige theti fhiwis itilo I he m^iver aipijn whilr Ehe cheek valvr 
^ in tile diaelnirite line pifveiile tfie iHkckflow of llw jiunipnl wwaRe, Kjerldrs may he 
mn^y or in In ki little iiiBtuilntionB, the ib allowrtJ in havk up In the 

inlet pipe 4 during the lime lirf i-onlentil of thi- iwi%er nn? U-iijs: pumped. 

Per siuall or iKohileiJ ecwjkm^irumpmpt plants^ aulmiiHtir ci|a'ratbii ir umnilyeinpkiyt^Ub 
Float-opentietJ awilchee cul tiii! |nimpB in iir out at any 111*^1^1 level of iiewaxe in the 
sump ot ri^ivinii pii. TIjc inutorH anti BwitrhUkartl are Ineuleil in a iK>parat#.> iroriiparu 
ment either abnve the Hunip nr on ilu- muw IrveL Thif prnviiii^ safely aKairiBi flfaHling 
which mii^ht TVfiult fmiJi eatif^yive rainfall ^^r iEklerfereiue w-ith ihi- powTr supply. The 
entiri* pumpinK ^tatiun m fm|uenily I'onslmeted uruk^rKraiintl In ^fieehtl iimohok^p ami 
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AND BE WAGE DISI^SAL 



Firt. 42. Sharvv njertnr. (I'nniHiJit.) 


it Jihniliil oprmte with only fl nuiiintuiu of i-upi^rvwkio. Can- niurt bf taloti however 
that the eo^iwrtinent cnnlainins ihv woton. n»d awitehlmud b admiialelir wnter’ 
jirtwfed, M tt in CRiieibtjnl ihal thiwe l» fcpjit ^ 

In the lar^r ^waKe-punipinR .totioiw, t|.e «iuip„,p,„ a,id opemtion are Minilar to 
tho* of atolion.* ,H,n,p,„K water. Ae aln^.i,- note,!, the noneloHpnp 

eeninruEnl ,iuniiiP lather Uwt. for the older lype of m-ipnK^ntiHR pump. 

Aii^cwi Piihlie Health Awoeiatioo: “fltamlanl Mrthixie of Waler Aimlyrea," 10th ed., 

/■ 7th «!., Joba Wiley A fiom. Inc., 

BaDKitT, II E : “Pliitubing,” 2d «J., Me<3raw-Ililt IkxA Company W 19SD 
(S»S?I " »•> 'hfeCraw^Hill Book 

Fai^d Givra:'"Water Soppty apd ^Vaato-aTater Dirpooat/' John Wik-y & S„na, Ine., 

PruLKH and t^uvroex: "Solving Sewage ProblemH," McGraw-Hill Braik Com- 

pimf, Ine-^ J9S6w 

»*ra<-lice.» 3 vola, MKiraw-Hill Boob Com- 

































Serfit/n 10 

>> .\TP:I{ SUPl’LY \M) I'HEATMENT 


Itv HaR{»LI 1 K. liABBin* 


GENERAL 

CDinpati«its of ■ WtlerwQTkB. A iutiipli>|p witfer^ui^ply jpiyAk^ii liuiv mclud^ wurki 
fnr xlw ;»iiinpirij 2 t. tknd distriNitbn of tW wfitor tmm tlic angiTiol 

iftrtjft-t to^ aoiJ ^omotlnip^ ihc mndumpr's mc’tt’r. V^'n4'k^^ for tho ^IWijon of 

wjktcr inclkidi^ intJikc-iip im^Hriindin^ rpwrvoirp, iiud«r^Miiid 

K^kllrrif^, iifiil tliL' ch-volr>pmei]t m/ Tj^iliiiicul works inoludf? Eu-mtion, a^r^ningp 

filtniHonH dinitifsvlloii, iliE^rviiis^viil of undtisirabtE? tO£istitiioEili\ 

land Qlhpr drvf«*. EVimpin|E slattmiB and tlipir rctiiipitipnt rompru^ works 
for thp |MJm|dnj; of water. [^s^il rihinioiL ineEudee pipt-s utid ai^mrtnnani'i-it; dinlribulioti, 
utomne, ai]d ^{UJiluLhiij^ n-M^rvair^^ aiseI jd^rvirr' tomuviltkns, metprs, and olhir 

Eiiuipinent. Tlin otnpnkKrdinn may UkrluEii^ ^ijidi asa adiniitislmtion, fiinji4ieial. 

optTatioin and roiiinletuLiuM?^^ 

In ekhM'king the ad^uue>' of a walfrwork* eEinr^iElenkCioti nitty Im- f^iven to: (1) nnlim^ 
«d(M|iiiirvp nnd rfl Labi lily of luiijrrt^ nf water nisd of ineh idniiduit^ and ripj^urlenunri-^ 
(2) nwnrp ca|>arity and iMiwiihiliiH-s of e^k-pan^ibii; (3) liaEanis frojii firwi, and 

otbirj- raiiHc^ thjii huiy mult in ^Inmaiei'' to jHirlHof iho workjt; £d) availnbiltty nf mij^plii'^i, 
eiiLJSpinoiil, replacrnw-nl-i, nnd |Jarls; {5) pri-ijamtinn for i-merKmi-qi:^; (fl) capfn-ilVp 
inateHaM, and ehamrteriiitiis? of dUlrdjulioEi ^T«tifiii to supply nomid liml lina^protei.^Uoii 
drtitandj^; (7) quiiHty of ihti water supply, proEiH-lion nf the soum^ jind nd^imcv caf 
trratmriil; and (8) ehitrartijT, rompetetnrep and altitude of manni^nieii I an^l nf penrcmnek 
ilieludilLfC iMN'nrily of euipbiv nielit alnl of ftnanrinic. 

Retlibiliff and Fire Protection. A LiimtiinKiiis nnd jnlfsimile supply of ^Kiiahlo woIct 
ifl ewRnntinl in the luifety of life^ b-alth. and prckperly in n eominundy, RrlEabdilv is 
tErn%ddnJ by an iEiexbntlstihle wUirre or adequde sloraj^; SuliSloEhllal slrUfTtnr^ btiiJ 
equipment; ] 3 njhM:Uriii rrmn or pmvisioEis in <iiii* evFnl of ynforrw'eo hajumbi^ rceerve 
nif»rily of esifentinl i>ffuipment; ant| the dupHs'i^ukkEi of strueiun^s and t^iuipnjenl wbixio 
breakdown miglit ptberHifie Iw di:i^tmLis. Fire proiei^tioii is lonmiafLly an ImporiJiiit 
^rvire of m wnternmrJtfl, It shrsild be adequule in enpaeity and prsw-u™, and free froEn 
tifniwnable puHnibiliti.' of iiderniplfoEi. itwn hEilf nf the fiwt of stnnJI injblle water¬ 

works, exelimii'e caf trenlnienb muy ho dliarnentde to fini proti.^tiuu. The larger the 
mmmunit>' the cmittllrr tbe profiorlion i5f eoet chargenble to fire protec linn. 

Legal Rights and Responaibilittes. Among the gem'nil prineipliMfl on whieh the rights 
of a waterworks to a aource of iu|iply an* biuw^i nref (I) the right of eminent domain^ 
fsTanse tbe supplying of water is a teeoguixe^ aetivity of go%'enituenb t2) priority to 
of if applied to heiieflrial pEihlie uh', fA) i>wniTshJp rights if sonree is ow'ned 
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WATEK SUPPLY AM» THP^ATAiKNT 
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Uy ihr utililVp ttiwl (41 }«^»vi!miui*nLAl ETttin m tJsnHUEli nrlioti or hy 

iiclininiHlmtlvi^ tiody. Soidhi priniiplctf npplifubli^ Ut inU?mlnli< wr^im an* 
i^iininiikrix^l ■ a*i (I) 4?quiliiblE nppn>pdAtioiip (^> no Hupt-ricifily of ri^lil \a on 

priorily of appropnolipo, (3) drinktnii unii doiik^tin impful thf? higlwl priority, 
(4) roljef wj3t bp granted only on proof of pr^wnt iirni irobfttaDtial dAmiigeH, 

ittid iSr) divn-rK^oit li-ill ijo nlbwed botwmi wAter^hpdn. Same principk« Applienhlr Iti 
linilerip'uiincl wntm nre fluirLiiinriietl« iw: (I) olwoltitp owntnhip, (5> owooinbip ro- 
-ftrieted to muwmaihle iwc on the knd tieneath wlikb woter is fauniL (3) ownwhip ro* 
i‘t|iwl widi ihnt nf every othi-r awnpr of land overlying Ibe iindergnHjiul tkAsin, and {A) 
ikwnership by die slate. 

The riRhi to eoikduel n biieiiii>4fK In w iling of wnler in nol ikt^tvcotrily a gioveiriiriirnlAl 
pn-roginivk% liiid « wiilej^arkN +uitorfirk4' is iii>i iniitiuiie from ioiits fur dHrnagi's 

fi*r smoh rkfKiigvmMaat supply IIIK pulluti^al witter or otlier nrumimbly fortwotifible hsimriJs. 

QUANTITY OF WATER 

Use of Water. AHIiougli I hr tkrs^Js far waier ju a Lkevn-nige And in fin* pimtf^i^iniit iiften 
nipn^^nt ihi^ prineipat im^ntivfrf in the i‘stiil4ijjhraenl of a wmlerwnrks the amouiit ctf 


TilitiK L Kate*; of Wathh Usage 


EKFKi'rr or Popitlatiox * 


RATKft njk VAHJOtra UtramefcLh* 


Populatiotk, 

ijaaa'it 

Av UsngCg 
gpefsl 

0.5 

dtl 

l.Bl 

H5 

5.0 

1^0 

ion 

I4D 

50 0 

140 

liMl 

1 140 


I'UrpiifM* 

tbiir 

Unit 

1 lOlrv IrtitliUng 

H aeptuds 

HrileLi 

tjimsdiit's 

NeatnurBiile. 

SitiKlesfnmiJy Noum^w in 

Conn.. / 

^7H5 

125-330 

305-525 

3 5 
0.5-d 

37-59 

KP^l 

gp Ih^J p «iiiy 

gfr fH'inipiisI 
tiKiin p d 
g per Ih 
g per meal 

KpijHl 


Krrtecnr Mieteius 


[scHvLhviK lif Use wiTii Timk 


fAHmiiuU 

Vfar 

Ptlpu- 

latmn, 

UOOO's 

-- 

L3H0 

HMh5 

Xo. nf wnliT- 

1,373 

223 

aii 

IIO 

2,0^ 

I5,4mi 

si4.:to 

71 

127 

12.030 

Kityi^ilrvilbs Art.*,.. 

Sun FmiktifiNi, CInISf... 

Kending, Fn. 

Qumc>\ Mujv . -. 

1010 

1H02 

1010 

1920 

1900 

v.m 

IHIO 

193S 

5 

117 

ri0« 
i 73 
H3 
:43 

74 

-- W4fePV4 

m Fopiilittinii 

^ * MTveil, mil- 

35 limiA . 

71 * Feret^nl tulal 1 

S»2 biLj;..... 

‘!i* av^-wn-w 

. ' *3al linage, 

fiil piii^rl 


I W. a. U^Jn .4»i*£ Nynrtt.fc-rt. 11*111 ^ 

i J*. Wafer ir«^ Awm^.. Jmitimry tWft, ^ 

* After nka perwftt i ■ 

* 13oiTMWlir Itw lun |,rrr9S^t luinirTiHj- Ntj djtU 


^KcTti.t "IriicIp-fkMiiiiO ItMikiem. 


urtUr UM-t fi>r Unf - |>ur|>nM« n'|MtJM<tkli» o»ilv n miafl pitrt »jf tli,. lotjJ vului™ t*f wiittr 
U«nl by » TOioinuniiy* Aji n Irw lh«« 1 <|t mny ti,> j^ily by ■ _f-u iin r. 


I HTWTitNli^Sf, W. L-r kirtJ C- K. lltbiui, fidl E^g., Akjjibbt. I Ml, j,. emji 
iCflsaUSu, II.. TViiiu- .iSSC’A'. wjL UK-, n, T53. Itfit. ' * 
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mid ftn< filth ti UK. nmy mm- no mom ihnn thin on the avi.^rtiKe. Totiil uvt^ULK*' ibily Ui-nuiiMj^ 
in H few oitied in the United e^c^^etd >^KM) i(u3 pier eapitjip lUiii a. fuqxh Hvemife of 

I0l> kaI eapitii (JiLy oftei^ in c^diiLiU^. .Muximmn mfea, for all ex- 

rt'pt fire proU'cticpi]^ may K^^^tly exjdwJ nveraite ruteiH; niid the rale of i 4 m? ilunni; lurKe 
b the KTT>ult9«t nile of all. Some mteif of ilenuLud for water iLre Lifted in Table I. 

Ub 4 for Spe^Uic PiirfM>des. Water UMsl fur wpeeifle pur|HKH^^ i'oji lie e^pre^if^ ttUatitb 
liilivHy in apiM-socininte |H^rit:'iilaKiv of the tutoJ oik* oh: doioe^tiE-^ kiduntriiLl omi 
rammen iitl, 3t>; |ftiblU% 10; nml wja^te auti miiH^elliiJitvu^r If*- Iwdtli^lriril niime- 

tiTTn«j5 111 ! other usiMP's, 

Rates of Demand. (V>niiitini|ji ntfinitioic of deiiuinri inrlui;h-: |»o|rulaliori, elinmte^ 
scale of liviiiK. iJrp»wrep Epialiiy, s*^’»er fiiejliiins air rf^neliltfliking, ood metej^. 
No^jmiitiUltve mill I ion NdixivM tlkfif»r fjv'tnrw arwl rale of water m^Ke mti lie expit!A«^l 
with aiv,^iinkey liut^ in Keoenik ihonte in (I) in lar^e thno in small comjnunitiey, 

(2) in hot dry eliiiUkti'S, (3) in hiah-value (4)* whem (he prr7=a?ijTi^ itf biKh, 

where the rpiality U {Ri) W hi»fe the erjifl \t Iciw* (7] where i^Vr^rK avnilnble^ and 

(K) wto-ri- ineterH am mil Um'iL Some 4|UJiiilitalLVr rcIjihoJiK U^tw'i^'ri lliei^ riiivLiitifiio) 
nw Nbown in Ttdile 2. Ari itirmwiMi in pini^um Imm 25 to 45 |iST hoA lieen kouwii i& in- 
elToaie li^^maisd by 30 pi'reenl. The bistnllatbti of Uleterv luia tsnwi jchowii to deen^ow' 
ojQiKl' hy 30 lo 40 perrent. 

Tahij^. 2. RaTfcM ul- Uak op Wathii mu Seii< tpie 


Piirirjw 

Use, Kpi-fwl 1 

Ihirprine 

Tai!, Kfieptl 

Biireniinimumr.i 

0.25 1 

VVostft and nikeellaneoin^ 

P‘50 

Sub8iHte(itH.% min. 

1.5 

Apparently' tinavoidable.. 

20 

Sunitaty' Eieetbc, min ■ , > 

tO-20 

Anr iMtidittcknlnK 

3 35 

J>finn^tief nraAoliable mill. 

30 

1 Ajuirtmeaf hnu?M% JlV. 

15-430 

I^lbl^r iLw. ♦ p . = . 

to- -20 , 

^\t^S 

35-125 


Pumpin)? of water for lew than 24 hr (mt day in pmetici'd in some citieji oumidii^or thfl 
[Inheii f^Lateji with the labjectiw of d(‘t'n'^L^iri.^ the nirnmnl of water UAfmi. Sueh prac^tiie 
(ends towEipJ poduljon of the water and, iJiilt‘?ti« iheduralkin of the periods of supplv are 
brief ill rrlalion the pitiimIk of iiunsuppiy, the amount of w-aier may nfit bi* di*' 
ereaiied. 

PrF'iiii^tioiu^ of fulun* mli+a of water umiko miir? Iw Iwial on knowh^lKe **! Jiaal mi id 
pri^Msi rateSr f^iiiopiiiv ri'mtils, reallioK}'^. (appiiJaliou t'l'rimiitaFT,, tnid other iie 

fcirmiilion must U' ils^^ and tin- advir^ of eomjitrlejkt aef|iiniikt^ with the 

inimniiiTiily sbonhl he enlh^tmi. No formula or other mikflietmilleal pmoeiluo.' ubne ean 

Ih^ iiAtiiffaiiory. 

Voriitiofis in Rate of Demand. of dt'iiiaiLiJ for wwter in a comrnuiiiti' vofip^ with 

time, u ^huwn in Tahir 3r Sumtner and win£f*t mten in temiwniie rlimates nmy he 

TaHI4c 3. AePKOXlMATK Masiwt M * TtATBS OP Di^ua^^d is T^RUs or IvEJLVCIIC A.MSfl'AL 

Hatk 


Perimj of time Ativ^red 

Maximum rate a» • 
perecfit nf av ' 
nnmml rate 

Period id time covered 

Aloxlnitjui nUe tut 
percent of av 
unituiil rate 

Annual, aVoroi^o. ..., 

M» 

[>•> 

Ep55-IR0 

Seoariii.. 

135 

fmur, 

255 350 

^tnnih. ... 

UpI 

I bair. ininimupii 

rdk 


^ E:i)i7«|ir|i lA K4kr>(. 
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WAfEH aUPFLl' AKI> TREATMENT 
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a fo ti 12 

MtOn> 


Fm, 1. tlydnqttttl>hi of hourly «it Knciiwji City. Mo. (.U. /*, UaieS^ tl'alfT and 

Work.. Motf. l!H7. p- 1M>. Mid.llrtiti, Mi«». dTolrf IT^Jt. E„, Jain ViMl 

Iin.| ToliHln. Ohw (/l«rw and MeDoandl fforiiimoiir Co., 1K37,1 At ” 

nvrroa? rolo of punipioR on miuirnuo. ,u.mn« *!«■ ™ fl4.7 ri,«. «ul „n typicJ .|,y 

It wa* 35.Ti liiK. 



Obovo tbc iiiLiiu.1 ID rtimniM air ^ott.titioniag, bothiftK. «nd irriiatine 

iucKue the ntto Aoei m hani wniiimr m utunetetwl an,#, may be nm to Drevont 
fn.^iiafl io pipe*. ^ 


T>TMCftl bydroffT^phu for djiily wulpf luw atp nhomi m Kig. l 
iJiimtioo cujvic uf flhown tti Pig. 3. 


^ dnmiitid- 


Fire-protM^tiMi Reed*. Fire-proteetbo ^^qui,aml!nta ^ «T«tcr mtio to iK» 

ifttAl wp-tpr hpmIf in urtiitll than in ittrip m nniunitirt, A tnijiliiiiiiti rjt a x #- 

i7» .o i««.»~-k. .. o„ p,,.. 


Plf C«P 1 I gf maMmvra>day, Cltlcogo only 








































































































































aOURf’EB or WATER 
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Riinimum fii* pn>tn<lim nuiy be given by l,aM gpm fnr l.OTW petwiu up to 12,000 Kpni 
for 200,000 penonp, nith n itwriRiiun of 20,000 ppm. The pnwura nt Uw fire hydrant 
oil the diiitrihutlon nyeteffl nhwjJd not be l«£» ihnn 20 (wi when? mohili! pumping 
nn? giied, nnd 75 lo i(0 ivi ntberwue. Some rKtuiinieiulntiono mnreraing rsttw of water 
nipply for fire prQli>ctiQn are givivn in Tnhte 4, It nwy be nmumvil that n fin; will lojit 
for n minimum of 5 hr in the Kinallint i^immuuity up to 10 hr or mom in n largi. citv. 


Tabu; 4, EmrinicAt. FomirLAo roa ItATioi of Fiua Dsilanp 


^amd of orii|fiii;il Chf or authorily 

FnrMuJd 

Q — dtutaiidp Kpiii 

' P m pcipcilatioik, ItXW'B 

til Pin JH-r 
HM^pDOO 

pcipulHiim, 

Kuichiing (an Iweht of fire at reams of 250 



KPmU- . 

Q - 700\'7* 

7.000 

John R. Fn^cmaji . 

<? - aw + lo) 

7,500 

NiiUOEwl BoainJ of f-lre Undcrw-ritera , ^, 

0 = I,0(20VP(I -0.01\/f j 

0,180 


SOURCES or WATER 

General, V^'ater roun-m miiy be t1itA<tl1eil m RielcoroloKiral, (uirTow, amJ undeigmu iid. 
Orly the btlnr two nn> satiHfActniy' iu iiuantity for movl rorttinenlDl public wnter ™p- 
plic*. The rloee rulatinn-Abip nirtenruloiiical pnecipitation n'hich is priniiipully 

minfull, and runulf ami avnilsble autfaee water rtquirm ■cnowh'dgr irf rninfall conditiofM 

fiiniJ r&tee. 

Hccorcisof pn^ripilnLioiL, mniiimiily TvporU^ ji* ruilifull rc^nU^ iiiplud^? thi- 
nttiiRinE nf iilfc ronnii mf prrr>ipjif(ticpD. 3 j^howe a map ot tho Uniteii 

Stfvtw ft-ith annual b^^iJiiyi^tJil [iikiv. Snrni' tlala dri aJiuiui] mpntlily ratw of mlnral] iu 



Fio, a. tliusfl ahowing Kitui uiziiuJ wnfjiJL dr isdhydtd lilnw, m the Uilitdd (Un^ 

ITpoiJW B^Ttau.^ 
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WAtEH airpPLV AXh THBATMEXT 


r« n»u rtf nmn ffiK KrtT.tor tliiir. o,r*.f l„„j, prrinrj., iu (hdintM tilt rnmnil»* b Tt,t.(r 



_ 12 


t: 10 


V9tr Cv/fffjrjj 


Fm. I. >rork|li1>' rulpt. uf r^nf^ll 


111 appfip lu-ar rifcouiiUiiih mir nf 


thi- I']i;prpwiati! 


D m KiT - m 


t*EirfcVfc mi'll may i^iinpiitf'd fnjiii 

(J) 


whirrp 

r-32 


* maximufii up to 0.3. 


- Avrni^f mtp af jinow muU, in, por dav 
• number of dfKtiHMby* above tlii> ‘F nieluTi* EKiinl 
K - meltitiK crirwtjirtt or diisreo-day fnrtor 
ValuM K (ie fwtwwii 0.02 niid 0,)1 in. per d«ittMliiv aiih 
xMctcortdoKiml prvripitnlion In <liniii|wtivl hy evApomiion im. “ 
ipw^ idtpi^pildu, ppmijalic^fip in^kralJiHit mnd n.uiof. ™ ^FMHinpHv* 

EVApontioil. £m|wru/jnn ii Umt |>drlgoii of tlie dR^initallnpi tJ. ^ ' 
alnuMphrfT from ripoanl particle* ur of wap*r„ TrofiMtnrai ’* ^ 

iuumI prr annum vt^taticiii in buililiiiK op plajii quantity of 

































































































































tiOtmreH Of watKr 
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wntnr t'v»pun»t«J frcim wljiHvnl mil, ninn, or |3nvjpitiiiion. hOtret^m 

in till- umouni of vralf-r rnuxlil anotinHv hy or !4tnirtumiv tuliioh w fVApamU^l 


Tabu: S, Kaiuii-MA nw Hati^ nt IfAiNrAu, 


of tuilhiir 

i^H^ilily 

Ffjit(>r iti. fa-if jir i 

l^ilboi n. . ^ ^ „ r , , , - . 

i'riniterTi t "oiE^ 

SfiO.'ff + 30) 

TalFml. -. ^^ „ 


I0.r'(f + l,%) 

KuirhliriK.. 

\|.w Vork Oty 

l20/(/ + 20| 

|j' nnE|t*t- -AT-. 

J^u Fnnir^LwTi 

7rVi 

MntrTilr 1104 

Kvvt ClrleiiOf;: 


Flfinmr,__ 

Hi, IaiuIji 

iM/(f +S)*’* 

F pr*q L|f !ii r>\ yrnrti 

REiliiriill rmle. In. pnr br 

l>-plli. in.‘ 


J 1.23/1"'* 

0(1S7("'* 

m 




.vl-UO/ff' 

0.U15<”" 


itO-lS/l*" 

L003{°-=' 


tW.Ofl/f"" I 

1 I51f“« 

im 

TO.T2//"-”' 

ijiia"** 


11 « ditc^ilMui 4f ||MYl>?dl i4 UlUtM MiitifkU, bi 


lir*fn#T! maehirii; Uip tcrmind. Xo fommU fur Uutt froTii 

I^krrully nmuplrthli^ in njiU^ruorks pmrEiix'. Stjini' ivpimJ rnnimbu* itrii hnwfvrr 
lifcitrtl in TrNp JJ. ' ^ 


Tahlk fi, Hati^ of KvAS-lfftAtinX FHiiSI WATtiH SrifFAcr^ 


(MpEioFitur (if 
formulii 

Ssourcf 

FumiuJn 

liisilurtt*-._ 

Vfjrtnuelft.,.., 

AIry<*r___ i 

0>x 

Horton..... 

FitEpCf^ntl4.^.. 

Ar^ntiTur .SffitimtlatfimtOjT, 

n»t2 

yj. SinU 

Rrftl, 

J miMT. A^( E. vol. 7!.1, p. 

1074, 

La. kSfdli* (Vifj, MtiUi, I^HO 

Xcin^ktc^/rdf, Apr, 2lS, 
taiT 

7*rTiHJr. VoL IS^ \ir 1 

.^1. 

•■ - tO.OMirr - 0.233){15,5 + OAm 

= 15(1,' _ p>(i + «,7io) 

^1 - tf* -w +0.001077/)/ 

<I).SW + 0.03) ru + ir/T.SRIO) 

« - 2W)(C1 - r)r 

e = 0.2(>' - pHI + ar/3j 


iV ■ 

th - drt»«; 4 irtlimc irti iJiii ttaid. Wut hu wM - 1 , 0 : nt 10 iikEil^ » I.J»L^JOni|iili - aljjIi 

r » BIDptjkly ill, «f WHt#t 

* ^vkijuntiuni Iriiink fk^k waled:- HirfBinf. bi. iNTF tiar 
#J - JkiiBJi Vapior ptmurv of HlijraUfd i|ir ■! i|n* j^in^ hi, of Otminun’ 

miwr I'l^irrw o# MliinlAMi wi(#r vaiwr ai tenifwTalijfv af waitr Mirlsk^, oi tuBmiy 
" ^ J^fribn}^ nuJUill, iiij> 

F « bimik uiiiliwi laiii|*efaUJ|w-. 

I H pmxUiuim ¥i|»or hHtpbn lijr Uw l«diiiwfiiliirT« of ilko m^r Mjrfim 
f * ftrllilll VWtipr tstukrii in -tbn air, Ip^ or nkpnTurf' 

W * Wind Wnt^Kily rkm le Ibp wjll^ WirftWp lll|ili 

mr H Tind liJr tile Wfintlker BoleWO feintl Eirai) tl}B cmirBal- atAtkuri. !ii|ilk 
































10-8 WATER SUPPLY AND TREATMENT 

Tire mte of cwapontiati trom knd BtirlacM i# inon! difhrult ta hiK>u«! irf 

addiliwwi Iwtort Involved. Tlie Tlwmthwmite ' foniwU 

„ t7.K*i - #*){uv “ mS 
^ *- ¥+1^4 - 


where M - ^vaponititrfi, in. per hr 

ft rwiii rj * vapor piwurt at lower and upper kvek, rwpretiwlv* in. of ro^rr-un^ 

111 and Us « wind velotdUfii al lower mhI upper kvek. rwpwtively, lupU 
7* - ienip«rutun>i 

k typical- lufoEmatlon on eonaumplLve u^e ti piven ki Tahlo 

TjiPteE 7. AeenojEfit.iTB Seasos ax. Cfl^iHl:*^PTto^■ or W'atkr nr Cboi^ ash VmiirtAtu^H 


Gn>wUi 

Indioa 

Growth 

fnches 

ConifenwiB tTee?i!. *., -, 
Deeiduciua trof# 

Pfttiitoeii. 

4 to 1) 

T to 10 

7 to 11 
IS up 

20 t o 22 
Hup 

Alfalfa nod oioVer . 
Com 

Data....... 

2.1? up 

20 to 75 
2S Ut 10 
> 22 to IM) 
2S to S5 
to 2tia 

Five. .. 

Moadow gru^. .h +». ■ I 
Lupem grmw. . ., 

1 Rice ............ 

... .. 

1 1 mYfcM_ . . ._ 




Runout Inflltrafion^ and PtreolAtloiL. ttunoff oevur# wtten di-l4‘iitioii heuk hren 

jatuiRcd and rate of niliifull excevda AimultaruKSUA rates of itifiJtmtioa tknd uviiporatioTi- 
InJUiraiifm. m the downwani tnovomenl of water from the pound surface to the puund^ 
water tnhle. Frrcolatiapi in the ^ow of Kround abater in the direction of the slope of the 
poumhwater table, VVlieu the How of pmund water add* to mjrfnee^niiJii flow U U 
known tui jfnir or ruafoiPred flow. 

Autong the fnetor# affetding runoff^ in nddition to ndnfull are; aine, shnpe, topograi^yp 
uiid ge«ilnfCF uf waler%iird; tliinale^ prevailing windM, and tenif^^Talun’S eoiniition of 
watershed aueh iw urluin, njnd, nultivstx'd^ arid affanfituxl; lurfarf^ retentiun; tributnne^ 
and UiFir ^nteci'deot atorma and buH? ^ow; and InhltratitKti eapority of the aoifL 

InfiknitirKn ratea for lUnuk wntendiivJi may bo fartnutated jia 

fi - - (y* - - P'd f3) 


where F * nunfall raiuing TuunfT 

y, « H iAJw of Auifnce mnofT attributed to F 
Sf « effective Huifure atornp? 

Fi — catimatrd imicmiit of infUtratlon oi^-uniEig befoT? rainfall pjjeeedcd infiUra- 
don rate 

Kmpinefll fciruiulaa timl foe estimaling average annual rtttio^ are: 

Vmnuil^ r • H -iU ^ 0.29/£/47S>ri^ (4) 

Jiiatm r - (S> 


whefe f ■ mnnind runofT, in. 

R m aniiuikl rainfalilr In^ 

T " niMm annual temp£*mtuJro, *F 
S » ^lope of ^urfaee td drfithUp$o area 

C. ii- Grunaky * HUggi'steil the fqliuwlng rtde of tliunibt "'The |Krooiilagif of Uw i^- 
iH 3 tial (12 montha) niinfull wbk'h appoara in the iitream as runoff, when thu ndn ia Itum than 


Jl «i 

t ^raiu, 


miMu If Jpiauaiy., 1109 , [p. 

aScb. ^ icr4 tm, ihiA. 


a. 



















BOURCEia} OK* WATER 
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50 in., H to the tturab^i' ei inrhw of nun. Win'll the jctotrtml mut is in i?n™« of 
50 in,', 20 in. thoieof ijo to liw Kttiunii (evapomto, ete,). Tlie rcinaindor i» rttnnff.” 

Miitimum J?Mnnj7. MiniinUtn fuoolT amhul be tFuectwrfutly forDiulAted or 
KtiowliMlRe o( it ran be gAimtl cwily tbroufK n stud}' of (low tvrords of tlip irtrenm in 
r^uceiini) or from nrotxls of runoff of ft rimilftr stmun, Shomnsji s unit hydnupapli 
proviite* n procedure for loicli ft study. Runoff reronls are publisliBd periodically by the 
0,8. Gcolniticnl Survev niiJ by various rtato authoritn*, 

A nnfl hsrdroprnph is'definMi by Sberaaan n* "the liydrosmph of suffnee runolT rwilting 
from rftinfftlt within a Unit of time, as a dny or an htnir." Such n Kraph is niwl u-wdul 
in I in- constntetjon of a dinrihution itmpli. Thbi b n unit hyOnjKrapb of surfaco ninofi 
niodificii to show the pnijiartiorial ndutloiL* of its ordinates to die total sutfnw ninoff, 
li is a curve whose ftlwciwuiH coinrHli* with thnsr of the unit hydnigniph, ftint eftdh 
onJiuute, for anv purtieuloj abwisaft, w the ratio of tin- iirdioate of tJie unit hydroffrapli 
for that aluu-iiwft lo the total rtuiuff rupfedsmed l*y Hie unit hydroBruph, e\pn.‘^i pref- 
erslilv as A jM'itviitnia*. The euntputatlDn of the axiidinates of tho iJisiributicm graph 
eom^tainding to the unit hj dtugrflph in Fifr S w show n in column 5 of Table Ji. SinM- 
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dislribution graplL* for diflen-nl rainfalls wi b walerehed are not idt ntira! their siniiinrity 
tivnkei. tssariWe the clmwitiB of an avoragp distribution paph for the w atemhecl on which 
can Is? Iwaini the prediction (jf the relation hctwrcii rainfall nnci runoff lytmal dis¬ 
tribution jtraplw are shown in Fig. 6- The mmUnicrioii of ll.c unit hydre^ph w htwed 
on tlmt portion uf a hydroptrapli which reprp«‘nls the tiuioff from a unit rHiufnIl, 
tvpieat hv.fmpa|di b shown in Fig. 5. ComvtKmding mtcs of nunfrill are rimwn near 
tits top of th.‘ same rifture. ll la to be noted that to the right of lettc^ It the total runoff 
Is cumiKMcd of thtw' pan*: (1} the Kcmind-water eanlributinft, deaignatol by llie line 
GtiJK, t2> that portion of the surface (U™ lietwcen GUJK atid GtU whieli n-presents 
0.C conlribuliou of aurfli.* runnlT indcjandellt rd that fontrijiuled by the minfall .d 
June 24 to 26. ond (3) the '-net surfnee runoff," eonlnbuterl by the rernfal of that ptnod, 
tepn*senl,Mf by tho dialanc* between the Ib^ BIU and nCl>J. bitie WW va a unit 



























































































































10 10 WATER surpj.v TREATMENT 


TapI-I^ S- Di^ihjvatids or Dihthihitio.^ tiK-vrii mu the Mi-hki^h* w River 

\POVF- tlREAtor-y;, 

iThri^jilfUirkr ihiy on wliivli nnv^i of t!ir tTiifi ffU riiarkotl #) 


Dnt^ * l*rj7 

Tiitjil nitioR 

ruEiiiff 
fimmi unil 
m.omi (tnl. 

2 nr 3 - 
1^1. -I)p pf?( 

lK.it HI luiinn 

ip^ph (t?ul. 

5 X low i- 
Mt in HUM inn 

Ilf irnl. 5), 
\wrtvuX 

Unit wloriii 

lii*n^iiLiii 
fo|]ohrittf£ 
mill Hiorta 

pfrmiiiij^ 

ttuii 

Jijiii' . 

- 3p01Wl 
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k Hufui'all Aitil Ruliu^ ntudf^ Ih tlllr irnnoJ ^trritu ir«llrr 774p 

Thr Jii'dfmennil^ i* iIimmWej ili Fipi 
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Supertmpmd disfributlon graphs 
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OF WATEN 
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Kydrof^ph. line BliJ ia ibt ^'Hecwiict<in rurw'* nf the nunifF prn.'^cUtift tlie 

pLorui kiein^ stuflied^ LinR OilJ ia tlifi' of ih# i5rtni,nd-wui£?jr rtJho^ 

ditriiiK ihe mluw perinUr Litiq jDJ" ii ibc td the surfaw runedT 

qitetiL to the rtemi birinjs studied. Co-nipul&tioii^ flF the urdiuutea the dwidhiiliDH 
H^ph tuAed on the timt hydroumph b 5 ure givfjfl in TobSe B. 

MaTimum Ifntr ^sf Runnffu^ 4 ^)aJty empirind formula-** have been devifed to nprci** 
the tuaxliniiin imlt? of njiioff Imt non'esliould be uised. except v\lhin the liiuiti of the caiuiF 
tlonii for whieh it wpui I5i'fTereiicrt*i of more tlMsn iiOO peTH?ut nuiy be found h%' 

mbatituting the snime dn tn in different fdttnuhu^ A few of tJiit*»'' arr? shoiiFii in the fdlnW" 
LoiC tttft: 


()ri|plin Cor 

Foriiiula 


Fntiniiiit 

{j » aon.4„'* 

(rt) 

Htirhlj S^jeidi^r 

</ - rn.i 

(7) 

KnirhiioK ' 

y _ + T.4.+, 

.i», + ,i7in 

IH) 

Kiiiehllni^ * 



r.S. ijwfcisi™] Survey ^ 

,, nastd.^, , 

flO) 


m'hnrv Q *= niasfnuini mnoffj m ft per ewc 

Ato = nrea nl wntervbixj, Aq ElllW 

A, * iLrefli of wjitorAhedn nmes 
f!* * tt roiiHtanh ft'i?OTnmenifi‘d aa OT 
H “ rale of miiilAflt im per hr 
S ■ u^mne grouiHl pinpe in uidta per IkOOU unita 
Puller'^* fnrrnulii * pm^ffea for the frequi*nry of tH'E'urrem^ miixiniiiio Bptuhi ami 
ia io the form 

Q ^ O.S low 70(1 + 2Af-^ ^ tn> 


wlirrp f “ u roeHiflient de|ietulinK im the chanirteriitirp <jf ifw- waler^lii'fl, It nnnil be 
compiifwl from previous rwoiik. VaIupa have b«*ji rohipoteiJ fw^kwren l 
iindSOa 

iVf - urea of wAlervhni, it\ mih'# 

Q ^ inA:dtniini flood flow^ cU fl l>cr we |a*r m\ mile 
T • niiiuber of yenri in ibo period 

The ratiooJi! metJiod for the dotemiiruiticin of iho maaitnum rate of rumifF im appli¬ 
cable principally to relatively ftrndll wmteratMKbF, ft b dbico#^ in Sect ion fl of thii 
hook. 

ErdAnh DtiritiDn, lad Frequentf of Storms. A iang-eontinMni slortii uf mudefltly 
htavy iatetkflitv over ft |ar^ area may eau^ a (preoter runafT ilmti a more intense fttomi 
for a ahofter period avri- only a portion of the drainam^ ftrea. Gtt>at alortna may Im^l 
for many daya and may pm^pilntp 15 to 30 in. of minfall over arefta up to 5,000 p^i 

< tXhef dWij«fca iJ* miwfl fiami Unm aim 

* Fwmt Hapari Ktjwr ^ark mair^ on vu 

* r/^, <3^. j^wHi nrif*#f JSuwrfr /mjkt 14+. 

* M inini¥, ll'iew 

* Tpawr 77p IS ^- 


OFOMHif^ li^ &rrtliin ft 
rihal, ItfU, 


lljr 

Atjwf tIT. IMITi, 


»4l. 




10-12 WATEH SUPPLY AND TKEATM13NT 

tDiltM. UvEi nJAtidii betwriMin mu? <d rAinfall ft&d dumtioii of itorro rioplri- 

uUv as 

H « {oT^m + 

vrhvm H - niU^ tl rnkJalln in. ppr hr 

T * fre(iui'tit:y iMfSiumiivv, y*mr 
t M cJurmlioii of ^toriiip nun 

vtr hi ^ euiiiilmiiLa witli nmKnittidis in tin? United cjf about: u « S to %)0; 

A « 0.1 lo D.S 4 ei ” 0 to 30; nn>J n * 0,4 \a l.D, 

DrouflO:^ and Lw Races oi FIetst* A dunjiiJit in a fwfiiMi oi wlikb ri^ipilAtiun is a 
prpd<rU'rTnirLeHl pt?im?iita4CC, usually $n pnimtitp of Dm nii*ii,n rntr of pFtcipitntiuii. Ttm 



hafex nf fof u river is dirfiriid luf tlm niUf of runoff wliieli is Mxwdnd W porr^nt 

of tW time. A flow'-tlurttiiofj curve is sliuwn in Fj|c. T. llkw imltK of low flow shown h* 
about 300 CU ft pc»r jnjc- 

COIXECTION OF SURFACE WATER 

Surface wnler iniiy he eolleeled by intakes ill lakes, in livurw which are i‘slher frcf^ 
llowin^ or in whaeli ildw is rf^tHebiJ hy a clntn, nr in an impounding rpflcrvolT, 

Impounding Reservoir- An imiiouurllEkK Jraiervoir sturrfl water in a water-stnriaKn 
l^sin created hy a dam in a vailtT- This water is aocnmnlated diirinn highdlow raieei 
Elf tim xni|>ouniied stEVom to he timj wb^n the rmle of utreani flow i« tei<^ than the rale 
of demand for water. 

Tbo capacity of an iiiipouniling rFsrrvoir iicodod lo supply the dctmand and other 
data MU be detnfmined by the uludy of nmm diugrains of the demand and runoff for 
the yeara of minimum flow. The dcfpee of accuracy the rci^ults is depetidcnt on tlie 
accuracy and c:ttenl of Die available olMervation, The ihortifr tfic pwriod covrmeii by 
the Dboervations, the greater the probuhillly of error, Albwancc is made for probable 
error in interpreting and using miixfnll data. An error that may eii ter Into the detcrmiiia- 
tion of the capncily of an impounding reservoir^ if hoaed on a itudy of nuuis diagrams 
aloucp is caused by the available ground Ptorago; but since tliia ia bdetertnlimte imtl 
offem a factor of safety in the deingti. it is seldom hIIown! fnr. An alfowanca h niadis 




































COLLEtrriOX OF SURFACE H ATER 10-13 

hriwi'vpr^ far c-vaponitinn fmm iKr JurfutH^ of tlie rKspryoir by wtimatiiaj? it» probable 
Furfaw iin?a and ^ubtractmj^ I hr i!vn|HPrxitioii from the- obs«nrtd nittaCT diita. 

A mttSi diaicnun for the ranofl from a hyiHilhetica^ watpnsbL'd^ irtiLb eorr^cliona for 
I'vaporatioii fruni walpr PurfatTfl, and far otijer coTnp^'nflstiqiiag h hIiow'u In Fig. S, TIip 
oi^hisnt™ rpprustnt ihi- arpiiTnubitpd rtino? from tlw starl oJ tba obfrerv^tioog to tbp 
Timp isf ihp rottrsponding nbepiflfeul^ lr*a ibi" sum. of tbo BE.'cunintatwi evaporallon to tho 
winie timp, A maw diagram I" nrtl drawn to reprew^nt ibp ui-^iiJiiuLiUyl ilfmmid. 



If iLu dpiiuiiid iM awumrct to Iw at a coitFiant ruln^ tbo Hemand line will he etraighl, ne 
ehown m Fig. 8. Variotua ctniditiona eojirfmiEiK thr rewrvoir mn Im+ roiiiiil a* folteawa: 

\. The t^'nujml eiipadly nf the tT.'t*t'rvoir i« f^ittiid by lirawing a Mmigbl line pariillel 
to ihi- ileiniiiiil line atnl loiiKenl to the ina^ etirve iif ruiiotT. ITie mnxiiTkuni v^J^Ueal 
tK'twri''n gitiy tAngente Ehui:l tlK" ttuij^ eu.rv'e of njiioiT rejirej^nle (lieeapneity 
Ilf the nwrv'oir. Thii? tn ahown by line A bi Fig. 8, nnd, in ihw !-*» it i* 5 niillion eu fK 

2. The perioHi dtiririg whieh the wnier m ihe iwrvoir will lie lower tha^ the Bpiliway 
la the fH^fiod in^tween till* point nf iJkftgt'ney aod I he point whfrc the l^np'iil intenK'etn 
the nin»f fiirvo ol nlnolf. Thin Ss^ froni May 1+ 11^4 to t>cL £Sp ItM-l. 

S. The pfilii 1 where overflnw" from l he nawrvoir eeaw^ k thl^ point of taligelley| tilarked 
a III the figure. 

4. 'Hie jHjint w here the re^^rvoir k eJnpty k al the bfuse of the tnasimuni vertical line, 
nui,rked A, Letwiien tho tanurnt and the maw curve of niiioiT —point h in the figure. 

5, The jKiint where the nwervoir will begin to ovi'iflow agHUi k Ihfs iwint where the 
tangent again inlerwcts the nmjia curve of mnoET—point c in ibe ffgure- 
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\V^ATER SllPl^LV AMI I'HEA1*Al 15N'T 


ft. TKp KrT!Eiti-^i rsklV' Ilf lii^muikcj wbii^li mu bo ^lUfiplinJ hy tho Htimin, |ifuvkl«!fl ih&t 
Ihp arpft tho rrA^rviMr i» itfiL itt rrpn.‘#«'iiti>d by tW of tlio liiir, 

ttbovp tlki> Tiwys i^Lirvr <if niniilf. whifh in tnikp^nt \o it ni iv-it or ii>nri* pcniilj^ Suit wbirh 
>\0i^ JJOt tUo miuv film' nf nimit bI nny fKiiol. 'rbin innlinvii iin litio D an ibe 

rtffiirv jukI a'prfitontn a kuf II 3 121^ I. 

7. H thr iloiikuiid in w tlinl I be n wrvair ^itl ikrviT fill, n Imc^ dmii n tmif^iil 
In aikkl ikolow tliM nwv ourvo oS mtiolT And pfirmllkKl lo tbr niatsa mm nf domanil, will 
IkDl iptcluort tho mflsw eufvo of rtirkEiff to Ih- li^ft rif fbi^ pikfiH of tanKonry. lAnv E ih 
ihe fiRwm rr’fkrp«‘ntn j^jr-h a mto irf liomtiiK!. 

(f tho mto nf di-nuirkdlR VAmbIr, iho ni^ rur^r ckf doiniind will tmi In- d PtrAight lint-. 
Cinder ibm i‘OEiditkiii. it in util I poiMihtp lo di^lenuiEn- nil the above ninditiMiA by dm wing r 
(1) lht‘ mtpw eurve nf rujiiklT lui im^fons (2) tiki* nwsn lurve uf ^irmAod, whieb in nov not a 
elraighi line; ntkEl (a) a corve iht^ unikuitett of which are equal to the verijeal dikHajirei* 
l•e^we^•rl the two iiiaMn and whose eom^pckikd to the |mlnb¥ al whieh 

these liiFlnnees ale tikE!aniiT^i tn doteniuiiiikK thedt«mJ Informatiun, Oiie third eurve 
oortt»]pD[kib to the iiiai» eun^^p of runoff; and % itlmlght horizontal line rorTfspomli! to 
the nioM!; oiirve of demand in the ^rat tnelbcsf. 

The volume of wikier htM in a tr^v^r may he deU^rmmod by ihe- primiioidal frirmuk 

Q - {Ax ^ 4At ^ A^){km (13) 

wheFT ■ rapiwity; Aj, and Ajare ojtika enetowl wiMdn a low«f^ a median^ and an 
upper contour, rapiM^iivpIy, when* the eontour inEerval ia h. 

Typical ciepth-^aimHty atiJ deptl'MiurfikCe-area curves an? show n in Fig, U, Tlkt apilb 
way erest pJkpukf be Used at n hisight that will give ibo mervoir mpaaty tm.-wRnry to 
Ripply the eaUrndded deEiiarkd withont lliuding an exd^ amminl of land! 


MJIIIooi of ftnyart Itit 

0 SQ 40 eo ao iCiD t20 

I-—I-1 \ ] i 

4crti 
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Ditins. V'hittMB Enay he ju^ miiAinr)', limtuiTt ntr4 fir AE*r*tpniliipc liir 

mpthcrti of (XHiirtrurticin ajl mrth fill, liydniulir TlII^ tock lill, or in H-ith 

rhp rmlPlAne? to e^tirrnjii fanrefi ns j^ruvity, airch, Mlbib-imfl-hnLtros^, vU\ Sotiu- fornu nf 
flairv< utiilor tho Uu^i MliiMRifkiEitiuii hnv*^^ tnihtitlpfi n^i miiUiply nroh, miintAnt-biiKlo 
Arrh, nod r^ML-^titEit-riMliini jirr^h. 

Dtiin fiHimJfiii'Qftpi fillip importjiiif. l>4*r4M'tA whii^h htivi* fuilurvif^ inrludr rruftlii^ 

\a^ «lidinp?H liLiutlir How, wsaiinnc, uplift, ivnd porv’iousiu^sa. Hjird, unAtmtifiofl, 

liampgyiiiMitut, tork irmkf^ tho mo^T (WirAhlf* frtumluti-cpi]. d&TTiM 

nil ^iciriniNn f^nd friuiirlnt iri^i.^ wrr in ro«'kp fl^iHttfrd Eirill^tnnr, nnri 

Wafwf si/r/tce 40^0 



Km. III. OiLitt on riiiinriuLiiiii i4mwiii|| ty|js»*al flH>w iim:, 

pM^roiiN (mturialB require ti|>ceiAl Ten I ion in iiri«iKii mid Ui wEiptruetbu. in 

TinnlioinoiccinL^i^u^ fi>ek niay be- ovmmnr by or cutoff walln, 3i[id thrmsKh 

n poroiin faiiadaticjii cafj reduted to ?*aife miiounl# hv ihn i^iin^truL-tinn erf n Innj; iiproFip 
both upetreflin nud Ejownfftn-unip Ktiflieit'nlh- hmvy to rr-Atfit uplift, jw indirHt^Mi Li Kip. 
10. VrSoeity of How wieh of the Iifm's A , Hf and f' ip iMni.#tiini mnt is del eri] lined 
by the bydniulie (JtrftiJieTit ttloiifc the lini‘r 

Arfirtur m IMnin. R^terrml forre? to fie ni^ipEf^t hv ikiiui int'luili^: water prrp- 
wun‘i fcKindntion pn^5«up*p fiolatkinj uplift^ ercwinrip ire fin-^nri^ eartliqiiukc^i. winil 
prowun^t n'live pre^wuns mttl Futmtmoflpherir pressure. 

The truiimituile litid toention of the n*?4ultJtiit, and ita coinjmneiiiAp of the exterruil water 
preAPEiTF on any PiibnierKiMj aurfaep nn* ciijn'wwH'Fl in ^^‘efidii 4, ^^IlydraiiliCT.^' 

In the dotfiiifn uf ti jjrftvity dam to previ^ril overt umtni? I hr n^dtiirLt of ihe weiKhi id" 
the rttrortuTTr I he horiiontid w^tter prewure^ ami of any puprrirnprml lotirk iineit ptww 
within ihr oiitlitiE^ of the Htrueture. Il ta itiatiniiaiFyp iiowe^TT^ in dc-^ipp] nIJ ifrjivity 
{huiiA Fwi tlml I he Tiedilltkiil tif al] ffhTW* indiript above any hori eontal plaiK" ppyeH-^l throup^b 
Hie ilnm will fa]E witliili iht' lElldcile ihLltJ uf tlmE plane ill Onh'r Fo rtvciid teli.4ioEi in thr 
iifwiljf^ELm fneo of the fftnieture. Flotation ia 3i wrdcal forn^ iietinjc through ihe woler 
of sfravity of the remAtinR Wly, and ti|lLak in riinp^lLltude to the Wright of the water flk- 
plni-o^l, 

l/plifl hi 0 diini li* ejiii-aNJ by Water pn-aMure la-mid li lliii fmiFidalinn or ewrtiai on 
rrarka or Inlerwtirea witidii iJ^ie strurtlln:^ The IntenHity *'if uphlE ia eKxpn^sJ aa f' 

in whieh f' ia the Uplift pd-wain- in imt «a^uiire foot and // the tHijcId in 

fetd of die waU-r roluioii eaUAilig UpWsini exstiople, the inlemity of Uplift 

pRfrtaurt'* al difTE^renl points Eh Fin. 11 varirfl with Or* heip^ht of the liydmufie jjmde liiie 
Ediuvi^ the pioint where uplift Der;unrjn|t. If full iipwaot pmoture neta at the hia-l uf a 
dam, diniinlnhiniE nnifortiijy to xert^at the UK, the total uplift in laMjnd.-^ on a foot loEiKth 
■of tlie ilam will he * ^1.25A|6^ in whir}! in the rh-Titli of wsiter in feet to itn* horimiiital 
ptune on whia)i uplift k ladiijt Htudkal nutl A hi the thli^kneiw of the dnin atnng ihe hori- 
ZQiital plant' on whirh uplift ts iHin^ Rtudh^i. The center of uplift (irtvaiir^ will uetui 
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WATEtt SrPPLV AND TltfiATMEN'T 



¥m. 1 U IldaifrtrcL fiwwa on a i^rmvil.v dmtt, 

(It the ufitftrvAm etlRe oi lhi> inkJdb third frf ihf. horiaantfll plane on which piwwire iis 
beinj; AtuOW, If toil water nm in a hetptlit A* ft bImvp the l^ie of the cIwhi, then ihe 
uplift pre^ni! on ihe roundatiE»Ei niay be a^utni^fl in lie P * SL25^^(A| -|- A 7 }. 

SlidiuK risdiiUnre or sheiir cao Ik* e^ipnoi^seil lu 

flW ^ (Wi V - L- + A) - P (I 4 J 

wlvere 1^1 « weii^L nf Uv? do‘ HtmctEmf 

V — wx-iftlit of water oa upeln>iun fnec 
U = upllfl for™ 

A « other vrrtieAl fcKTces ptvsunt 
P — honKnnlal force 
/ - i^oclfioient of friction 

The value of / far mck \m froqoeotly iwed m D.tiS. Vmlue# from Ik2fi to as Are ii«?d for 
iwrth. The fnetor of nafely n«ain.4l Mlidinj; u iho ratio bolwwii the Hiiilitii! nw»fjihri- 
Mid Ihe totJil horiKohtuI fww S/'*, Of A' - /(I'ltV/**). Fof Jiuwoiuy rim™ vnluw of F 
nty fiom l.tt on rock foiiniliitioiu to 3.0 on enfth founilutiaiiEi, 

Thu duLrihutiou of the fimndAtioi] ttucUoo aofoHH the Lime of the dsni iJi'pende on 
the tioily of structure, tn a ■tnicture mmhle to nwiit vorUedl siiwir, npiMoaebiii h(y 
the couditfon in jin enrtli djun, the fouiKintian reni’tion at any point in equai to lliu n'eiaht 
of tlie water wid Oie stfuetutr verUmlly nbove it. Jf tl»r utmcture ie n nmnoiitii wi iiiflv 
^'Uf in a reinfnrreti fonerete (travity dam, lhi> (imtrihntioii of prrwuto mav 1 # u ahowri 
in Fi*. II. Where 6 iii vertii^l prwaure at tfai- ilow,tk.i.iiToni fnre of t.liu ilnm ie *eitt the 
rwuitaiil of nii vcrticfli itnil horiiooUl fone™ wilJ act at the hwi^r niiildie ihifil of the 
hon*ontai idmie ihmunh Uw dani. Aliiswahle nuuiinmnj fcnimlatian prewurwi vnrv 
from 30 tons per sq ft nn prinmn- rtmk to !0 for nood nJmEe. 

Wsen pnwum have been fermulatcd by Moiitor ' u 

P - IW (,S, 

* UouTCi. 0 . A3CE. ^ 100 ^ p. W*, leSAr 



















COI-LEfn iON OF BURFACE WATEH 
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wbure P in twlal Wave nrliiin ub^oul hw nh^vp tJii? of thf sHll- 

wHtcr !nirfai?T in tlii? Ttstrvoir, in pKiypdfid and ^ ii the height of thx^ wave fmm 
lo in feel, m roJtiputed by fornauSui ti^hieh in repressed an 

li - 1J Vf + (2.5 - (ifi) 

whfirc • bciKht of wavep ft 
F — frU-ii of wind, miW^ 

lew pfi^urp aKaliwl a dum in by ^neli ijondiUona m mlu of fiir^tciiipvfntiirt? 

riw pi bulow fm^^iopr. tlii^-kncMp rcwtrniiiil of jre rdn^X, extJHil iif p%.- 

IKisTjn' t« aolar rmliatioih, furrenlj? under iho If*, snow on i^^e nrllni; jlh lui iiuniktcir, iij^ 
U^nmiy aiid fetch of thy wind, huc-khnR nf tho ice, and rhtini^ in n^^rvoij- luwS. Tlie 
rate of JW of tht^ temiM^tntun- of ihe ice is pfoiiably the effertlvw randithni ir^ 

rmLtiTi^c M-o pfcwunv It shualrl 1^- rt^alled th«t k* expainfn iva ihe Irmpemlure riwv. 
A pre^un- of a,000 <€ SpCXMl tb jirr ft of ice Ihirkncsei niay lie a t^nH'rvative estirrmte 
nf the ice throat unless foiiditiiHo- nre such I ha t the ice ehm mny lie confined, whefk 
tlto pressure wifi lie much grealee 

llarlhquakfl «hwk may eaiecl for, when nK^uiretl, to aasuniiiif^ a forte aetiriii in a 
bori£cmta1 dinrtion anil applkni at the wiiter nif i^avity <if die ilam abo%e any hoHxontal 
plaoo taken ihroosli the dam. Thi‘ iuaj^nifude of the harizanla! fore* ia = Jfn, in 
wiiich is the majssof ihe strueOme wEkivi- ihi? horiroidal plane and a is taken as 0.7% 
fur rock fouiidatinn^ and (1.1% on sand and nwrtb ffiundaI ions, where g repreHcnta the 
ace^'lcmtion due to suavity.* 

The pntieljmf requirE'iiit'nts for the safi'ty of a dam can he antnmuiized aa fallows: 

1. Tlie refnillant of all forri* uiulcr all eOEnJitians shall bp within the middle third nf 
any burUuntal plane dm»o througli the structure. 

2. Compressis e and Jilw^arinji itre«^ dial I not exceed a smfe limit li^cd by e:E[ferrii-nr4>. 

X Tlie vvehtht of the d-»iin multiptii^^l by the coefficlerl of frietinn on any horiJonial 

plane tthnll more than twice iks li^ the horiEonlal aetiou alniip!; that plam-, 

E^rfh Dnmit. Thi- maleHafc to Im' need in eutth liams muiO l>C carefully selcThwi, till' 
more impervious material iH'in^ plaoetl in the up^lONUii jMirt oF the dam, r^(wpl the 
which ia usually plnri^l in the center. C'tny, w ith some ftftnd, forma the moat deaimlile 
material. Too min-h sand reMilts in ton hitrh a fw-niaiibility; too lit Me sand nmy n'jmlt 
in the fortrmtion of shrillkaRe rmi^ks^ or the lower bitefniil frictiorj wilhin the clay may 
tie such as to permit didimi- Mnterinl CJititaininji orKwnic matter, humus. In* roots, 
etc., i? not uiMxl, I1ie more fjonum iiiatoriwls nrc plansJ in the downstream part of The 
structure, and ilnilnplfx* are sotnclircic^t ptareil ihereiti lo aseiirr drnitmge ami a drj 
etnljankmmt. MoteriBi^i are plai*d iu earth dame either hydraulically or in layers 
which an? tamped and n.dlt^l. 

Eniharikrmmt s1o|mw may Roveniifsi by the sLubility of the materifil under all 
probable oondilmiLs of moistiiie ron[t?nt, tienrins power of the founrlnlion, and refliwtance 
Ilf I lie materiiib* nf thr dnm and ftt the foundation to pi»h'olation. In (teneml, fnr strm^ 
turs‘s2rr ft or U in heiKliN ^tabU' einlHUikmenla may result if the uptFirpam ali^ie is built 
no! stei‘p<T tlwin hotiscoiiial to 1 vi^tinitl, am! thi* dowiistreftm slnpc 2 horiEcintal lo I 
vertical. For hijcln'r tlmrus ti^ts and other invi^tjKiitiun?- should la- Tnnsk* ta diUi-imine 
llie Mife slope In tn- -n-IitIihI. ITpj^ln'nm tuny I* proSi/cti^j by stone, riprap, ron^ 

in slnliS nr lilia-ks^ Mr willow or uthiT timla-r iwattfcfiw. The pmliN-ttan shimld 
cstCTid from ihv ti»p of the dam to a deplh nf a ft iMdnw the Inwefif expected opemtinK 
level. III iiniMirLnnt jitnictnres tt hm' riprap or ennen-t* i# ujmhI ^ Htiouldi^r or la'rni, ns 
sImwTi in Fir- 1^, #hnnld I* pmvSdi'd at the bottotii *ji the slnim prot4*lioti. lUlinnec 
on vcRctatioii for the pFolertion of ujislream i]Hi|>es h undemndde. Dow nsifoiim 

r/v-jf, A-WW, Au^*t. p. 


ID IS 


WATKR StiPPLY AM^ TRBA'IAlKXT 

»lo|3f.. mivy he pmterted wmiLiriy Ui upelftaiu flap» nr by vinw, ehml-. <w gnm 
w«h lunjc ran «ltui lgmi ^unJd he avoided. Bumming animali tiuiv be 
•iiM-ounticrd by loow rock niU. ennen-te, nt *1«.| «,»«, Fenre. nwv he U, 

oxrludc grasiiig auiitule. 

Allomrance for M-ltlmi; of iho Knbnnknwnl of an earth ifaiu de|N>rKU luirtl.v on dir 
tieigbl of the .kjji, the Iiinterwl used onH the mothwl of pkieing it, and on oilier loial 
riwmiow. The top width of Mb lairth dam b. uaually n function of ita heigJu, with n 
niinimum of 8 to !0 ft. Tiw n'lntioii in wiuietimiw DipreMcd a> If' = (// -j- 2SJ/fi in 
whieh »'b the top width of tlie tkin in feet. This eJtprrwiotj hokir only when it ,pvL o 




teaSi/g 




^oximum 54^0^ 

J ff r^rtip 




ppLf ^^ssmtanetffitr 

Greuf kotts si _ _ tJ ^r« «(/ Gsm 

<HH>rOiims(afy tOffcrufart *^Ci/itef fint sfcsncrtt* (i/UffwsU 
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Fir,. IS. Rertiniu. tliriwiKh carUi dnnie: u. Ivtiiial. fr. Miami trijouTvaney nirtrirl. 

value of it' nrrater than h ealied for by tlir mjuimimvite of tlie rtnjnmte to rreiiil dir 
forew aetuiR uKarniFl it. Tlie height .if the cmlmjikment above the bijdv^et water rntfat* 
l.e., die fn-elMliini, rliould not la. leg,, than til.. .■S|avl|.|J height of the wave* pliw, a„ tiC 
Inwanir for tlie aetiipng of the enibaiikiiiLiil eind an allow anee for frn*n tieneln.lion 4 
rmiKHirrl nf kwa than R to 10 ft may not be good praetier. ' 

I'avifig is Mowtim.^ w^l m tl... slopes of earth .hmiis piirtieuhirlv or. the upetmiin 
slopes, to prevent erosinn, to aid in preventing sliding, «.,( »o,netin,e^ b, tl.eewis of tl.e 
upsir^ sjopt^ to give ^ater impemousn..^. i’aving on a ,ir.wm.|n>am slope must 
lie well drained to prevent the aei^mnlatiofi of water within ii.e enil)anfcnu‘nl. Hipmn 
rebble, broken sl.aasi, euMt.a«^ libekm ranrrete akbi, rto.. are use<i as ,nvinR tnatr'rials! 
If »t UI ,M»«ih|e for waU|r to aocumulau. Iiehind paving on the u,»ireain dope and the 
nwr^oir IS subjiH^e.1 to hi^ waves or raj«d ehan^ in tevni. provision is mrwie to pemiil 
the rapid ^.ape of water !nm beh.nri the iwving to avoid the bursting pnsisur,. other- 

.4 eon- widt is a watertight nr nppnmn.atelv im,s.rviDti» dinpl.nign, plu«Hf vrrtiealiv 
>n tbe^ni 1« pn.v..nt or imtsde the fiassage nf water nr Ininowing aniuods thnaudi the 
.hint. tiiJifv. ihi- portion of the embiuikiHent tipflirenm from ihe euie wall mav be satu- 
rwtisl. Ihe l^aliun of the «t.. wall as far nmlrean. w ithin ihr daiu as kasiihle tiuiv lie 
iJesirahV. HoHriW nr cellular .orr- Walb. have to ennvev leakage down;,ml 
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drufui Ifftdinif; il nwnv- fmni iUm. l^[iKit.ii<iirial ^mnaiLf^^wi%yM or tuiiiidp haw Hvn 
r<iii£ilmtt«d in Mnorpte afciIJh to pcrniit obt^rvation qF l^keLptl^ 

MaLc^mla UBtii in core wih]ls includf t^nemxe, vr^\, aod puddle- ivr puddliHl 

^'ftrth. Sinci' ((trviwj^ on h i7orr ttull cunnol rotnputH without uinicin^ ufieHtrtiiin 
itBffUTnpUorui «>tii!«niiii^ liiq iBiiVflnnrrnlj^ erf ihc ^hun, thf. d^tt-rnunuliob irf th*' forr-wnlt 
llueikni-^w iR n IrtattiT of judKttiL^llt Imu^ch! oli pxprjivniVr CotH7Frt«'^ ron? ^uib with a tnp 
ihSrkni^ of }2 in, atnl lAutTumJ 1 liorix-nutol (o lOO vertk*iij \mvr prOY«t j^^OEirallv 
saliirffiptory. Thp eflo- wall r«hot|ld bp Kwflirirntty high lo above- thp fop of lh& 

paftli #mhankfiir-nl to aki| a pqnippt and n fae’tor of Hifcty. t^uiinx rqnwtnirtion fhr 
i-artli prewiiimi on thp ifidr* ni I hr mm mn be? I.iiilane'4?d hv nmintdlninic iho redone fill 
ut jiuiTiiL- olpv^mioEi Oh pfli'h Fide- nf fhf* wall, Sioel and wof^d nrr arldonk uae-il in i^re- 
wnlls pxrPpT for lPin|wmr>' iriJ*tfli3fttinna si nr*' I hr alfr-rnate- wi-l tiiig mid dry ing of tlip 
ufj^ipr |}Ofttuii cif tin- I hi- etPid a nil wr^exJ in ni-iiw ifirroMOfi. 

Pkiddk- h- B de-liiiiU' proporlione-iJ nuxEure of tbiv, Miiid, nnd walor p]ar 4 '*l and tmiija^l 
tofomi mi alnineit inip*-n'iout!i diaphnii^in. It may Aalbrfui-tonly aiop ihv flow of waiter, 
fiuf it ia not a ^h-te-m-ul to burrowiUK animikb. J^ielidM mrt^ oFUally plEtnxI nmt itw 
re-iilor of Ihp iiiira, airt^ fomii-tl by pliiPthK a mittun- irf wlivfpd mafprbtlF by a hydmijlrp 
pltx-r?w. Puddip *'orra liaVi? iho udvatitagp of fle-xibElity urid an- If-w Fubjoe-t iJuiIi i-eipi- 
uTTlv to nipfuTt' by ucibukin-pd foo^ wlfhiik ttii- fJL Care ii nt4X-¥tiiar> in placiUK ihe 
f-orr- fn avoki undp^irahlt- Ftnilifirntion of ninti-riaLi uitJkin If.. 

.\ ruloff wall i« U tekw ran- wall pxlqiidirkg from n short duttaucf in tho dum abovp thf- 
Flmfum nn whirh tho ilmu ia fotindrd, down into th^ jHjroEih .stratum to riil 
i hrnojth It. 

.Vfa?prmtL/ />twa. Clioire of iimlfrinla form nuo^mry liani detH^nik partially on avntln- 
Inlily, roflt, niiEl Th*‘ fl^^iml hE'igtkt^ app**kjaia'*% and la-minia-nrr erf the Ftruptun-r For 
dan^ ttbfkvi- about ft \n lii'iKht, t-jihpr utHMiupT.’ nr cofn^rTfo in ii«»*i; for lowor itaniF, 
4ktkn-r nuilenjtlF are w**-*\. FouinUktioii mpiditioPiH ofT+‘r ifbr’ icn^nlt'Ttt unrerUiint;i' in thv 
dmgn nnd iMHiHfrurlion *rf niaaonsy' dnno^- Ffnindnliori sifrsstiiTt* mny be hijcln-r *in 
nmFonrj’ ikinF Ihikn m nthi-r lyjw* ainJ will re*iiiir!^ ^^ja-eial rare fn tbfdr rtud^ r The 
r^Eiiiiy may la* nuiili- by iHiriiigji on the Ato, hy examining rerortlfl «f borehoh^N in ihe 
IrxTility, and IkV merLidnic tin' opinioct of a *‘OiTip*Ment gfohvgiFl. |1 is more dllFeult 
1*1 Tie tin- ilinn N-iTtn-h' tep the fonmlation itjnn it is to di'sigi] o Rafe suppmtrucdnrr. 
Vbiarifiry'Hiflm foilun^ trsnlt pirinii|)n]ly fr*im itkade<piate- fmindoiinn^. Thla k parlie- 
iihiriy inie irf *liktiw i>vi'r alsjiit 2^ ft iii Ikfjgikt, It mat lie desimble to ni>nfK~el n 
fiiojiOEU'y dam bk an imix-rvimiR roek s:trattiiii fx'nenlii It by means of ?iii inijvrvlouii rut- 
I iff wall or other integnil p.nrt of I hr- atnieture. This is not Eilwikys ini^lhle, however^ 
Ik m i rLUiForir>' dams are sriinel inn's kiili on fskrous rnniulitiomi. 

eWArr fMirtii. Rekek hi Ik tinih*TK stii’I, and other tyijes of ilaUks are M>n3etina*s iisiMi for 
w dt^-r-i-upply purpcKH'i! f*>r varioiiJ* remmna sueh wr their te-inijoniry naluir-. eir t|ii‘ eem- 
%'^ejiiefie'e of their roru'trtJrlion in a remote loi^at.inn. \ rnrk-lill <lam <’ 0 iLHi=Ft.^ of sn 
entljaiklcmenl of 1rsw fork i>r oEh*T Ifnise m4iaonr\-, with a llow-ietorrling nn'intimiie ht 
the uia-fniim rm»r nf^ nr within tht emlmnkmimt, Materinln ll-hhI far I hi- meoihrmie 
inelude i:'otti^ref.o, timls-r, steiel, or |aidil'le4| elni' nm\ snnd. til her jiavr-il or unprotiH-lisI, 
SpiUwaya, Thi‘ pijrfa*ee erf a spillw'rty h t*p mrkituet ejcrtew water away from n i-fwrvnir 
without efnlangerins the safely *af thi* rhkiii. Iboiee, th*^ eaigurity erf ihe sfJillwfti- nmjit 
in- sniriidi'nl t<k pas?i ihi- Jin-ab-st Hood extMMrteiQ so UiAl the sialll will not hr ovirliopix'ii, 
aifd tk-sha|H' of the spillway must Ik' syrh ituit the fulling water will nut uiHh^muiie the 
ehins ar spill way r To avrnd w ide vartal ioas of the i-levatfon of water in a n'^^erx^riii- due 
lo variation# in stream Hexw' the ireal nf nvcrfluw npillwayH should made 3 oip|Ck siphon 
*kr shaft spillwftVF are UMtl, nr gates cotttnjlk^leiiheriuAnually or aiitomailrally may Is- 
ilfij)ei]4i<tj on. To nVoUl dalijier lo the dam or spillway Un^ spillwjiy mny lie on 

the rim irf die reservoir wdien* Ihp dbtanei- of fall of whaler ia low, 
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WATER i^irpPLY TREATMENT 


Ral4^ of floiv ovMT overriow npjUwnyi htp iJbcuwri in ^kr-Lbii 4, '"Hvciimulif*/' 
lhi‘ rJij4chjirgr ovu^f r BpillwAy ia a function of the depth of wntt^r cm ii, Uit* cn^t fil the 
jfpdlwAV U iiiiide BM IcKiK EU9 iri eroflumica^ in order to keep the depth of wtkivT Ikjw during 
Hood And thiu prevetii the flf^Mling of a« litUe laud as ixMa^lhk* xip^treHm from the du ffi . 
Other methods odapicd i*» nvmd flooding of faud almve a dain nre to select & type of 
iipiJIttay with a high cfiAcliiurgF coefficient, or to movable gnt^s tm the ipiUwav, which 
may be opetictl maio44illy or nulormitieolly^ nueh aa diuldioAnk, or they may operate 
autozikntically withoiil iiioving pikrta, Fuch ai a fliphoJaie or A shftf t Ttw effcotlve 

length of 0 jtpitlwAV mn lie iie^rwed by curving it, aa in Arch dam. Tlik os^pedieut 
may W im^ful in the cUvign of a dam located \n a rmnxiii gorge. 

A ehutc iiplllway, In ipmeral, tead* wnN r dow n Llif hillside at one ^ide of tlie dam. It 
limy lie coOiHtrttE’teil pArtiaily or entirely o« u flmry^ or a* ii lUEimd. iTie tmtiDui uf Um 
ehaiimd uia^' he totigtiemd lo aid in the Al)turptiDn of eiierg;>'. Cliute Kpillwa.v» miuimiie 
I he Insight ill the Vertical foil of wnlCT. They ani known a& -‘itide-flow' ehanimld'' where 
the of the ripilEw-ay eliamod iw fvimlhd to mid ininieriiatefy below the crcal uf the 
?<pillwAy. The liydraulirff of miliMkivr efiAntieW have Wn aiioly^e-^ by Camp^* wdio Imn 
formulnterl tlie flow b a ni-ronKuKAr^ Hnt-fiottom cfiAniiel with coimtant rlope a* 


Fh 



— Sr^ 


+ 




where //* 
d 

h 

S 

I 

/ 


depth of water at up|ier end of iplllway 

ilc^th at any point 

rate of flow 

width of elmniiel 

iKittnin ilopc! 

dMitnnce from upper end of fbanikel la (joint wirwie depth h d 
average di.-pth tlirough dmtance j: 

Wclutiaeh-lJArey frielion faeUir 

nvemgi^ hydraulic radimf ihrougli ibitatice f 


im 



A Kudi AH I# illui^irHlfO m Fip;. 13, U « tU-vus- pWl on ihe /.pllkjiv of a 

d/im lo TMAin iiiTilpr ui lhc< ivocrvoir utilil a prcdi li niutR'd ili>|>tli ut Tra(w iwaiwil 
fliwhlKmnl eau»eH it to Wl, Tho bo»fd Jiuiy In* manuttHy o, ,uioointi«Hy, 

» Tm*. XSeX. 105, ik flOft, IP40, 





















COLLECTION Of WATER 
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The nu^liboard illojiLnilUHl in Fi«. J3d will lull wbpn ihf. de^nh of wnter behmd it ip 
eqiukJ to thiw limto the lird^hit o. In !■% 13^ the valuo of » imiAt be gnwter than 1 nml 
lew than 2. llw VTolue of c tim be fmtnd by aolvin^; the espre^on e + iwi — /p/>ir„ 
In which ip ifl iho nrnment of bicrtiii of thp Hubmergi^ ocvtioo about ibe aiia forniked by 
th* intoraii^clion uf ito jirojeoted plaoe and tlia aurfact^ of tlin water, ip the at^ of the 
Hubtnri^ etirfaoe, and Zj U the dulanirT, iwyifljred in tlio plaiH? of the mr- 

facq^ from the renter of Rmvky of the fluhmer^ iiiifa» to the nxii about which tlie 
mnmeiii of inertia ia taken. 

Siphonir J?pillwayi nre iliaLniaied in Hretion A, ''HydfatiUra." A flhait ffpillwav% aa 
phown in Fig, I-I, fiinclioua in a manrter aimilnr to a ai phonic ppillu'ay. I^ngcra in¬ 
herent in iiphan and ahnit ^pillwavii are: rlogging^ rupture of the atnicture due to vibre- 



FlO. H, ^bn ihroogh a ihaft 4 nLllwbj,^ CLov Danu/^ A’alumf R^mtir^4 CmmUi^, IfW,] 


tioiw when vneutun ia quickly and repeatedly made imd broken in the Mphon nr shaft 
tube^ and cavitotiun and hiRh velontica which may eroswo. 

Time y required for Hood water* to riae above n djun bmiiue ^ the atorA^ capacity 
to be filjiid in the nsiorvoir. An approximnte cjtpn^idon for tha linw h i 


/i{f/a - f/j) 
^ Qii-Qt 
2 


tm 


whure T = time fnr water to riap from l/i to Hs, where 7^ i* in ere and #/i and ffj are 
in ft 

Q « conatont mte nf flow into rreervnir, aec-ft 

Qi&ndQj ^ ralea of discJoir^re. respretively, wc-ftp umlef the headf I/s and JVj, ft. 
on tlio itpillwnLy 

Fn>^'i>qona nre made below overiJow apillwaya to aheorb the energy- or to ciiehion the 
effect of the falling water. Ihta can Iw done by nalentling the down#treniu apron to a 
puiot where tiie velocity of tlow is auaieieiitly diininiahtxl to prevent eroednn; or the 
w ater may Fall into a gdllinR basio, a Jiydniulie j ump tmy be ereatet], or other CTpediinta 
Buay be inloptotl. 

^pUiway GtiU*. Spillway dnichajgi'a may \w eonlrolled cither by movnble erestji or by 
fcnti^- Such devioea are uatiJ to control the elevation of the wuier in the reaervoir or the 
rate of clmtiarge over the upLllway. Araoof the type? of controllable spillwav are in- 
eludmir (1) ptoney gate, jftmUnr to a nloice pte; it U supp^rteti in vertical jdides b which 
it k KUidial aa it ii rnJjtctl and lowi™l: (2> tainlor pnite, a rmlkl pfate which revqlvep 
nljout a horizontal nxin that ia i$up|)Oried liown^trcum from the erret of the fpillwav; 
when eluwtl the lower edge of the gale rwJs on the fipiHway; (3) drum swto. renurwtott 
similar to the tain tor Jtate ezropi lliat Ihe gote lionu on the water in n eJmmber in the 
dam. ThHf horizonliLl axu about which the gate revulvre may be either upstream or 

^ UriL W^Ut Suppiif Pu fMT lau. 1900, 
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WAma I^UFPLV ASh TRKATMfi^rr 


dowTiHln-nriL frwii (be* hm'^r ^.niirp' uf tbn iHbtT rornu n\ movAbJe jcnie^ iiielutki^ 

U‘ar-lni|>^ butli^rHy, rinn, kitf, tirwl rollerH^wl: 

Ijitake^ Tyiieri flf iiiliik<^ miyiuil uf tnwurFi isyhnwTj^^^i iiitnkMi., inmke iiipt** or cdii- 
duiK movubk^ intitkif^»p and T^bniT iiitAkt?^. hktftkr Ftnititviiw DVE?r klir inltst cuiIa u( 
tondiiib! MV to j^rotwt imve ei^lian, fltKniK^ rito|ipfii^L% imv^linii. 

pollulionf and otlivr inlvrfetvncv witth thv proper funcitkoniihg; ci^ llie inlakv^ 

Lrtfakv toivent are ujwl for lariev wiilenrork»< dnifrinit wnter froin Inkt^ rwrvoii>, 
MLtl rivvtf in whii?b ihrw either, or n wide flurtnation iii water level or Um" diwire 
lo dniw wnti:T al ti depktfk Iheit will icivr water of I ho bt^t quiility^ to nvnM elci^nH, inp 
fur other reuKkn^. A wel irkinke tower h fillwl willi water ti> ihe levid erf I he water in iIk’ 
reeervuLr, lakv^ ^ir riv^er. A flr>' itilake Tfrtvt'^r \mr* no water innrle of it other than in the 
inlake pipc^r WaEer ie ndmilt^xl ih^Mii^h the irotitiE.^eli'd Eii t he intake pi|]n^ wldeh 
eonvey ft from Ihe tower uinJer jjn-situn“. Tiu* interior of the tower I hint niade areeis^u- 
hh for itiEipcelion mid oix-mtioiL V^'el Towei^ are h'^ cqwtly to roiiiitnjet. They ate mil 
Mjbject to flotation tind et-rlaiii oilker inay not require ronmileirktion. Tuwerv in 

lake# and m inime riwr?' nn' UHindly loeatetl pome {Lbtanee from the pbon- Itiir. 

Inlet |iorii are provhk^ nt different elevationsi in hiKh inlAke KlruelLin?» to provide 
farilitie? for taking the Wt r|uality of water avallalibp beoLkn^- thf: rjualily of water in 
deep nfluneefi nwty Tkcit b- the «ame at all depth#. Tin- sijto of the port openbi^ w nunh^ 
larip‘ Uj mlfdmiie the enteanre vekooily anil to ftv<iiJ puekinK of objeet* aitalju^l the* giort. 
An entrance' veindly irf hw than D.5 ft per sec i# rk-tiimble. fJifHcuUy w ith entraimai 
air avoidc'd nt ^och lew velocities. 

Hybnw'rnwi ininkes are ronstmi'+H l•ntire|y yjitlirr water and have taieh ikjJvantaj|C^i= 
eivi.T esejicKHsi i^InteLuree jts lower eryt, no OIK'S nil'tfcrti to navijpitioii and little uLietmctiDn 
lo thf? flnw jjf the river, Utile iianKi.‘r from fliakting inateriul, anri a ramimtim of irnLihh: 
fnirn il'e, 

tnliLkep pLiefii aluiap' Ihe phore, kuawnai^ m|iiw intakep^ may be suitiible for industrial 
plalit0 W la-tv win ter qliuUty and other eonditiofiii jiermil. t^huie inlakr-a nrv proiiably lea^ 
ctMlIy ilum tower# nr rrifjei wilh lonR ititake pi^^ps. 

Loailim o/ fniah:*. CofiriitirMut to Ihi miuiidrrH in llie lotiilioii of an intake include: 
dy iiK'ation of the In*#! quahly of water aviiilablOp eiiirwils that might ihmateii (he 
imfcty of the atrueture, navigation channel#, lee iSoraiand other ice difhcultii'p^ the fqmia^ 
lion of burs and fbnals, nnri the feleh of the wind affecting ifkr in-iuhi of waves. Condi- 
lion# nifeetjng the quality of winter include curnuittf dui^ to wind^ teinperatiirv, #eiafoiuil 
In mover, and olhc-r tlmt will bring water of 011^0111^111+^ r|tialit^v lo the int+rke. 

C'hannela with high-VeSoeity eiim-nt# parryUflg tliJiating dk'hri-< am| iw' fljv fyuarrlcHi# 
[0 till? j<nrrty of the utrtietiin-. Xavigatinn ehanneils ndil the danger nf pollution from 
partying phi[ie. 

Ire floes and wft%w are hiLRaithms to the fluperni rue torn of nn intake f»eeaujM- of the 
pn^fttutt' tli^y ma.v +'>:ert on it. Tfic ice may piLsh down nnd ebg tKirla Sf> tn 30 ft Im-Iow’ 
The water irurfnii? uiid wavi-fi nuiy stir up fH+Ltotn #cdiaieuta ut sueh depth#. 

In bo<liep Ilf water snhject 10 wide ehnngew in the fiU valion of tlie flOrfaee Erve] tin- 
intake slmnld located m that, at the low'i-?it water stagi?, one inlet tjt nlwaya ^bniergeth 
An inlikke in an itnpoiULdjEkg nwuvoir is tiiRJnlly phire^i in tEie dwpi>«t nf the ri^ervoir. 
TIiLh w ill runder ihn full capueity of tlie j'm'rvoir avaJlahle and will usimlly protect the in¬ 
take fmm er^hnn-iil in the rt'ei rvoir. {ntnkt^ in atreAma with a atia?p ^Nllittom gmilicfit 
hhuuidp w hm pn^wilde, plon-d at u »||(ficienl distimee ujinlivaJii tjo supjdy Waler to the 
dty by grovtiy. 

/k#i>n 0/ btiakf* I nternal force# t« Ih± I’t'stHtnl to- in lakes uieludi^ llutation, wavi-* 
ami rumnulap k-e ptranumfl, blnwi frtitn (Wting and flUbxncTgiHl objeets, and shifting 
shool?. The magnitude df rwji h force# iu known only appmsinmtely. linnet*, a generrwi* 
faetdr erf safety must tw allowed in 4;lesigrL. 


COLLEtrnON OP’ 8UIiP’AC£ WATKR 
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Serial. Cftann' rt'Trt-tiB tiuiy \w m^ar tlip pariP ta prevent the enlranep qf liirisi' 
oUjpqt*; nmU in *omt fnni cif tlie iiiEake^ fine m-et^hh niny Iv pnjvidid ttt ■■Kcliicie muhII 
Tush and otiwr ftnaW nkLiterinlj wIlicL tniHht raiiw iRflieiilTien elMfU'fiere jn tlip wntf^rworkje. 
( Wninjc rpiiuircH FOTL'iEjini alti'nUon- In dirty watem it nmy Im* nive-AMn- 

trt inptfill piDVin]( snTTtiF whirh tmy or may not be peif-etraniTiK. 

ke- ^^urfare jev^ anrhor iCTt ftBEsl hf', and Amh ioe are forritu in rliirh iee nmy he 
troijblwKina' lit an ininke. Anchor ion ia farmed beneath thu tJUrfiure Qn Db;fM!>ta I hat 
niiiiate heal mpidly. Fnrwil ir^r wnietinie^ called needle ice^ coiiHLHtjt qf aubnierpi?d 
er>’FtaW that have been formeii m anchor ice and have hrokea Imwv nr are ire eryjftai# 
that have iieen Jormefl ahmit fliimSI pardeh's enNpeiiilMi in ^^‘nU^r whkh r-erve an tnielH. 
[Slush iee u Tormed d a mtt, mu-^hy ijf ice ei^'^^tBll! i^round from oilier loimp of iee. 

ExpetlienU uftRil for the n^nioval 1/ ir-e fmm intake iKirtj ineltide a vif^rouri j^-veraal 
of the flow of water thmujEh the port, H>teani or eleelrieul inatniK davieej*^ eoinprir^ed 
uir+ pike chuiru'^p unii eKph>Hi%'ej^, Tlie nmEnlenanc^ iif violent afplatiori at eritifid 
pcmtflp as by bigh'veloeity jeWn Utis lieen found elTejlivep especially ahasjB: rm:rvok walU, 
Diveia Ikave been employei under urgent eoDditiofuip but the HTiice b haEardcntn tmd 
s^holdd be avoideiJ. Provbion for vigoroue revenial of How iflieuki fcie made when I he 
intake b uiBtallcd. 

Intake Conduit and Suetiao Well- A eanduit shmild lead from the intake lo a rfuetioEi 
well for the pumps Iei the puEnping i^tution. A vefoelty of 2 to 3 ft jnt ^see k jiaktisfaclory 
ill this eoiiduil. U sliould he laid on a rontinuoue riHing or faLling kiopi^ lo avoid ihe 
i'Ektmpiiier]l of air. iSurge^ or iruter lianiinerp is to be avoldiMi ur providiNJ far iJ iinavoid¬ 
able (Heo page lO*-!?!. 

Aqueducts and Pipelmes. An aque^iuet is a roiiduil deiHj^iird to qcinvey water froEn a 
?Hiurt-e of supply to u point from which the water may tie distributed- An squedom may 
hiL-lLide i-iiiiub^ liuiiieBp idphons, tunmihip or oilier ehimnctlH, 

xMaleriulB Used in aquedueU indudi? concrete! irotip utwl, womh and 2uil>efitoa 
et'ioeEit. The niuterial nekrted ili-pends on j^ueh conflltiotiti mu a.^urancc that o|H^nitioti 
will not \mi iEiternipleii; ea*t; suitability for condilioEW which ineiudi' ioadsp prxwireSp 
and tim eomisivcneA-^ of the wwter and irf Uie soil Iei tNintaet wilh the aqunliict; ao 
ci'ssibility of the site and oF i.mii.qNkrtaiion oF niaterinls! utid avttiLaidEity of lulHir 
for rmistitirlioEk. 

To aseuri' safety, to permit iru^jei ticin, and to facUifale nfs^mtluu luitl inairiteojmctv 
tp[pi4ineB rhuukl la- [^nividwi with pidu valvesn ebi'rt valv^^, dmitLage Vutvi*?!, air Valves, 
and lluiElholes. iSui jii- tanks or oElier rUrgi^oEitnd ^‘ip|^pT[kerL| may W ui‘et*s«iry Oil soEin- 
liueik fbkte valvi** imty lie pEaet'd 1 lo l^nlMt ft a|mrt, ru'ar ahanholi'S, with a draioagi^ 
valve «1 a low point EjetwT’cri the gale Vrilves to pc'rnul c-mptyirig the pipe k-tWia-Ei 
valvi^ for inspeetimi and rolaiir. A . fkeck VJklve *<htiljlf| lit! pbek^d nE the tijiifIreftm niik’ 
of the iit.idnniEkic nf each riw in I he idpelllie to pnw^eUf reVi^rsal nf ||ow. A ipite valve 
tnay lie placed mvir to suid on n 11.14 ivenient Hide nf live rheck valve to ts^rnut iiiBthinqiuJi 
and repairs. The chivk valve alnuihl la- ilej^ittie^l to rl»w‘ slowly nnough b> avoal dangler- 
<iUB wafer hammer. Dmiringe valvi*? shiaild Im^ plai'eil at alt low jHuntu to fSTinit /!>- 
moval of El'll silt and the emiiiying; nf lie' |>jpt^ An atr valve ^ould be loealeil 

at erteh high ixiint to allow tiie of tdr and aEiil 10 ndmit air ^-ufficieully 

rapidly to prevent ihft creation nf a iiartitd vai^num hi thi." pipeline. 

I'kpatisioii joinEs may lie retpilred on long plpeliikes, parlieulnrly ou ntoel pipe exjHaipd 
to markoil eliangra in tempera Eure. Wln.'ii srvpnii e?c|MitLdon iointik aru UjiRii III a long 
liiw^, it b neceMary to eoiwtruct anrhurs lie tween them lo fone the movetneni into tEie* 
pipl‘ dl^ignt~El tfji lake \ l Where LkJiehors art* Used lo ^tippmii ihe full weight of piije utui 
wiittfr they should lx- sfxiced 2d to 4t> ft apart nfjd thsiv sboL|h| he mnntiruebxl eki eImie 
omMiixth to nne-Fourth, or uiorTn of the cireuiuienaae will Ixiir upon tin^ni. Th^^y 
should bi.^ conMtrueted to rCsisI thk^ overt umiivg fiini*s n-'sulEiiig fmm friiiion vlui- to 
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WATER SUFPLT AND TREATMENT 


Itin^tTjclinAl mayRmriitfi uF the pipe. In a frtc^tiOD v*oefriirbiit nf iidt IrfM tluJi OA 

bi?|w(?f n pipe and pier should be In d-HdRn. 

AppurfrwnirM m PiptimtM. Ttie appurfct^namvtfi on lonn pipoli^m indudo 
nmnhok#, fpate vnlve^^ chock vaIvc^^ aJi^rolicf vntvu*^ blow'a5 vnlven, nniJ expAniiiDn 
joints. ManhQloii nre in l&n^ conduits to pertniL ini<p«K'tinn, doaninp, nnri far olhor 
purposes. They may be kpcaled anywhere between 500 ninl 2,000 ft apturt. Gate valvf*ts 
arc iocaied at comvcELbent poinlA, no jji'iirfiil pmntjrn K^ivlni^ bei'n adopted. Their om* 
LQCTcaaca both the mfcty and the eoat nf iho eumluitr Wfu'ro rrheek valve# are uihkI they 
may be located at tlse lawtir end of a rise hi ihi" eonddt m that, in the evrat of a liTVftk 
in the pdpe^tioe betwe^^n ike cheek valve ami the of w'Jiter supply to the eonthiit, 

water will be held in the ttein# portion of tlie pifM-line to ween the eheck valve and the 
cAJtlel. Air-relief an? used at auoimlEa in thi* line lo prevent iht arciniialAtiofi of 

gaM* within the jiipi^ nr in admit air to tln^ pija* In the tluit thm la a tendency to 
produce a vacuum m it To reJieve prezviinv &n air valve fihoulil have an o|M?niii|t af 
about cnc-twrifth, and to nditve vncimm, alxitit oikP-ciKhth^ of the dianieti^r of the pipe. 
Trouble ioiDctimcfi rcmLila fram th^e freeaini; nf air vnb^e# in cold elimntca. IMo^'olT 
valvM arc pinced at the kiweet poiiita of depwfiioni) in the pipeline eci that water can Ik? 
drained from, the Hue into mitural draimup^ elnmneb. 

Fronoinimf Dmmtter* ond Te/ocif^ in The ecutioniii::^j diameter uf a 

standard cajit-ijan pipi> throng which water b being pnrapod ctip bo expree^ na 


ri - 7 .M - 1 *’* 

V/f + 3^)/ ^ 

and the aeoJiotuical veka^ity b 

r - ** 




( 10 ) 

(2a) 


( 20 . 4 ) 


where a — <J 0 #l of iroUp cent* per pmind 

B - 0.00150/. 4- u ocifltfK + ^O.W>5 + 0BmD)W 

{J — erwfilelont in Jijwcn a m l VVlIUanui rnrmuln, taken here aa 100 

fi ■ dhi.ntider of pipe, in. 

f> w depth of tienrhp ft 

h cost of lead, relita piT |>raJlld 

p ^ ccMt of pmuplpft 1,000,000 gn] cf water t ft high 

Q = rate of How thnaigh pi|a^ <ru ft per lee 

T = annual rate i>f inti-rtvri plun drpTc^uatiacL^ plus rates for all oUicr anrmal 
ciiartn-^ 

I » slopi^ nf hydraulic grade line 
V ^ velocity of of water in |^p4dinl^ ft per 
K'' • wftjp- rate for common labur^ ivnli? |mt hour 
y • cOflL hf yarn (! 0 Hkiim)p cenu jar iMaimi 

The iwhomiral diameter of a riveted stetl pipe through wh'seh water in liein* raimiied 
w 

O') 


wlinr#- k - ratifl f*f prwpnl ctwt <rf »tcel jsipc in plaw, iq the cwl oa whinh the formula ht 
hoiw^i 

F w wnrkjbR intemiil prowrCp pai 

and alher nomrnclatuie is aa in e^rduioiw (20) and The forrauta b baaed on 




FLOW OF WATEM IN 10-25 

thv wl af pipe* in Xqrth«ii»tern Uiiit4!fd m to 1U27> The fortnub b 

liTnltrd to douh^rivDt^Ji pipe in ilinmeLeiFij 30 und T2 in., and to 

pvefvuK^ brtwFt^n 50 tind 150 \w\. 

Thr' et^otkinniral dbini€t(<r isf a pi|jr tSroujth which waU^r Howr by ^vity U that 
iJLLiiirirr vkhirlk wilt itkuw PulTii^biit frii^tion En all thi; nvalLibh^, 

Flaw of Wit^r in Pipes, Ttic iliow cd waE.cr in pi|it‘Hp and xitrioiiiH rommlii^ tlu*refaf, 
an* ditfcusptil ill ^lion 4 of t hw book. Ttic^ furmtiki aiiHt romnionly ujMnl iq watrrworks 
pnifticc in ibc Unitf^l Stntcti ia tJia Hn^cti and Ulltijiqi.s which ean bo a^KpnjHHod m 

V * 

whcfif! I' * wlodty of fl0Wj ft piir nee 
R - hydranUa nwJiu-^p ft 
S — Rhspe of hydniylic gmdi* line 
f' aJid Cx a^T> «nwflii-iqpt*, dcpt^ridluR on c|mnM?U.T of pif» niateniiL Soiq^ valui^ of C are 
ipvt^h in Tftblo fh 


( 22 ) 

(23) 


TaHLK 9. Ha1£V A^U \\'|I.UAM:b C?OliFrtCtKN"l>i Ftm V'AKJOl'ei .\lATtMAMt 


xMatvrial CotfTiL-ioqt 

Xi*w I'atit-iron pipe, pit-iMuit., ..*++*> k . 120-130 

New rftflt-irofi pifw?, contriftncs^lly ra^t^ .. 12^5-135 

CtiEueiil lining, applie^i by hand,,,.,, ____ 125 135 

Coniriit iiniug, Gentrifngally appUcil.. .,,. 140-I,'>|] 

IlitunutHlh' liiihigp biiiiit ......... _ l^-N5 

Itbiqniantir liidngp ct-iitrifiif[altv apfilicd. ,, 145-155 

OnitrtHep IwtPt wui-knuin-ship; lati^UanndiT pipii,... 145-155 

Coiirn-h?, iiwHiium-fimdiiy warkiiwn.H,hin.. 130 145 

OrdinaO'n tar-<lippeif cosi-iron iHpri 20 years servico; 

Iqinl, inaclive wator...._^, 110-125 

Onliiiiuy, tnr-dJppial, ciuit-imn pipe; avemge 
of ttiberpulaticiiij 

Nijw. .... ..... - 135 

5 y uults ^p ...... 120 

idycar^.-. . no 

15 yeam ► +^ ^ ^ ^ , lO.'i 

20 yeans........... -. ^ h «. ^. .i. ^^...«. 05 

30 y iMTS, T ^ - r------- 85 


Orrliiintv^ lar-dipTMHi, ea'^t-lmq ptpf^ after h*m jwmee: 

w ith BcvtTre tubr rnibiiinn. .. ....... , 30- 40 


A qiHiMsjniiph for u*r» in ihnaoliUicrti uf thr Haxeri ami Willkinji fommlN is fjivrn in Fig, 
15h 

Minor Sosszj! of head in a pipsdinc an' muine^l by vtttvrs, cilhcr appurtenanees^ and hy 
sudden changes iu pl|if! diameter. Among the minor are: 

1. Ujew at entranen inlo a liilie 


U ~M\V^} (34) 

where/| III» roelGcient depiMiiiing nn tho chiuwnter uf t he entmnre. Per pipe pmlnlding 

thrtee diameters or more into a riwrvoif, /i * 1.0; w^hen ihe enil of the pipe is titmli witji 
(he wnll of the iTWjrvoir,/i ■ 0.«5: and w hen the enti of ihe pipe Ip flnreii, tlir value of/i 

1 ;^ ^iKpmWiiJT, Fiiril KniitHWTfp I IjMElbHac/' Jritiii Wiliry A Hoii*, Ihr,. N'*r* \uwk, 

]u:hi 


















Quant-ity,gallons per mlnufft 
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2000 - 


to 

9 

-8 

-7 

6 
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.=-3 


1000z = 
30C 
800-: 
700- 
600^: 
500- 


400- 


300^ r 


200H: 


lOi 
9 

80^ 

70^ 

60- 

50-^ 


u 


10 • 
0.9 „ 

”■"0,8 ^ 
— 3 

-07 
0.5 " 


A 

o 


1 - 0.4 


E-0.3 


1.2 


• 0 .» 


fc-4e 

-44 

-40 

^36 

^32 

-29 

-24 

-20 

-f6 


I m. »" 
—12 ® 

U 

- 10 - 
-9 £ 
-8 “* 

-7 ! 

e 

— 6 • 
£ 
o 

-5 5 

-4 


-3 


-2 


t008 

- 0.10 

-0.15 


- 0.12 

-0.25 

-0,3 


-04 


=-0.5 


-0.6 

O 

ro.7 

2 

-1.0 

ei 

O 

-1.5 

1U 

O 

-2.0 

V 

-2.5 


-3.0 

o 

-4.0 

o 

o 

-5,0 

h. 

=-6.0 

o 

-8.0 

■1- 

-10.0 


-15 

■O 

© 

-20 


-25 

"o 

-30 

44 

ut 

-40 

O 

rSO 


r60 


-eo 


-100 


-150 


-200 


-250 


-300 



- 0.8 

-0.9 

- 1.0 


-1.5 


- 2.0 

-2.5 

j-3.0 

-3.5 

^4.0 

^4.5 

-5.0 

^5.5 

|“6.0 

^7.0 

- 8.0 


^'lu. 16 , Diii^riMi, lur ihe itolution uf Hueu uid Willimw (wittuk. 


Velocity, feet (ler second 
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m&y be ^ low hi* O.l. H — I" » wlrjriiy of flow in tivr p}pe, wk! q “ juv^elfm- 

%\im flu4f to 

2- lifH^ nt Iwinlf 

M (25) 

V^lnrit of /j Hrt* jcivi'n "m Tnlil<‘ 10. rH^irnrlntun^ ifl j«# in Kq. (24). 


Tabi>: 10. {^jKmoKrstK rr.iK }Ieao jyv^ tft Fmw aropi^d yO^ 


Vfiti| 4 <? uf In eifir^on // 



Velorily of 

riri iMi' 

l^nicth *if liend. ft 

IllPfl 1 

ft p^r Apr 

1 

2 

4 

0 


10 

2(1 

30 

2 

0.24 

OJfl 

o.m 

0.18 

0.18 

0J8 

U.32 

0,45 

5 

0.33 

0,25 

lh23 

0.23 

0.23 

0.24 

0.39 

0.55 

10 

OJO 

0,3d 

0.2? 

0.2U 

0,2ti 

0.2? 

0.49 

O.Ofi 


3;. ftt ffudilon r-nlHft|r<nM!nt. 

li - 

wiicni Vi jinii Vf Hre the Vf‘!EM4th'?< in tht* ^ouilli^r HOil brgi-r And ntln^r 

iiinni'iiL'lAture w a# in Kq, (21). 

■I. Ijckh al ^uddi^ii <?nntrai'tion 

- rt.ftlS ( ( J J f 27 ) 

whi.m r ut ratio of ih*- rdllallcr iJifB.' ilimm'tttr |o [lu- Inj-p-r pipe- iJinnM't^'r, and Tj in lhi> 
vr'Itwity in Uw ^nialli^r pipe. Other nomaetu'lAlure U hj^ In Bq. ( 24 }. 

5. JxMAeA in valves and afipuflenpuintu 

(28) 

Thi- fAetur/i VHriiw writh Uiim tv;>e ami i^oticlitian of the appurtiokAiici^ and tlie [KwiliiMi 
fif it(t uw Mf ihni etiiM-lAiiLi* I'nniiol tie preM-nlH I hat arp of wide applu^tion. The vidm- 
rif/i^ mrely, if uver^ esr+Anb Miiity. (Jllier iionmnL-lHLun^ w m ifiven in Ktp (24). 

GROUND WATER 

Occurrence. Ground water icmy !«? lo tjerqr m Aurh Kf^iloKtenl formatlnint -lh 

in hurini river valh»>a nr tin* iMdn nf aneienl Iftket*; in Hniimt^iAry iLqiiMit#^ whi»n‘ ihr 
wftter may Iw held in porotL'i rw'k or hntfl niuier pn^min^ in pervkitiM Htmtn; and in 
ariuifern wdkrfe the rfnHuLiitkL-e Ui flow tuKi-tlhi^r with the mte nf pprL^)blioTk fronj tlie sfur- 
raiit* nrr nuliektil to Diniiilaln a n'servoir of Kruutul water aikove the elevatiim at the 
luiiuml oulleL 

A portion of the niin that fall^ cm tlie^i^nind jn^rroliifta through it Jiud fifla the tnleiv 
Hticpji nf the MitwtniU until the water fluwn t^iher on or below the ^umJ amfmv into a 
riVRT, A lake^ or the «?u. L'nderKround water ikOEnuiliy enilects in nr mnvff di>wdy i hnniRh 
jierviouH atraui whieh are called a^ifrr^. Tlkr frin* fk.kw of walet ua un open st'rmn in a 
PTuhtorrAneAn cavern ie not coinmon uml Aurh miderfcrouiiiJ stnaniH afv jwddoin availaMe 
luk puhlii^ wAler Mipplien. The surfoiH? nf I he oikdiTjrrmnid water eApurted to at nonepht^rie 
ph^uri' ilk known m the urriMM-imP'r iMe and tike /iw enr/or^. 

Chiracteristica irf Aqnifera. Tht'H- Inelude purEiri ty^ |M^rv tikiiitEkewHk periiMatkiUiy, and 
ininfmiiKiihiHty+ An aiTM^Yrr b an uiiiienci^i>iUMl ^triktiim iiknlajiiiriit wniet within 
















10-28 


WATER SUFTLY AND 'JHEA1MENT 


int^r&tic^. h the voJyme of the porw) of ft ffubertance. w the 

rapiw:lty tiF a to allow watiT to powfi throy^h it. H b iHiuivalf nl to ibi' amoiirM 

of wftttT that b avftibhlr for n valor Kiip|il>% Pr.rm^hiiii^ and Iraninnait'^'fi'if^ 
tlrt wlutivp ftiuM» with whitf!h walor flnwa tlinau;^ a pumais nii>diiiiQ. P^^rowsHtity b 
flrqucblfy oxprmvd aa Iho VnWity of How of walor tn a pcrtarabb innilMin irboo tbr 
liydraiilhi iilopc- \a uiiUy, TIlp fiHrJSri€ot 4^/ nf an arloaian aquifuf b tli*^ ntliTitH*r 

uf eubii: fei:! of wntor rrli'tiA.'^ from in ooEuniJi nf the uqulfcr havinii n Iium* 

area of 1 f>q ft imJ a htMi^lit c^iual to tho ibickneiiP of the Miuller^ whin the arEoahiti hrail 
b Inwereii 1 ft. 

Tf^s of WeUsv A uvW b h verfiolp fM- apiwossnuitnly vmiealp liolo fn>iii thr 

grcHirui jiyffarti, ponf^tmtiiiK an luniifer in l^lh^l^h lha aiirfaiT of water in the aquifer b at 
atinOaphrnr pre^imin^ A prrtsiarr tpeil^ (coniiqiiiii^^ riklkn^ ao arifi^ian uWfp b a hole 
■k-Mt'Otliiifi f rulti I lie mirfueo uf thb^ 401111] ^ tl!troUK.h aO liopi'-rvinuii atmlUII] 1o 

ta'ijetfate un aquifer hcildiJiit waler mider pn-wsure i^rvaler than otiooiipiLone 
A ^nllfry or avWp may ije a Tuiinel or op^it ditch dorjjtitictecl llimiigh an aquifer 

in a dirwtkin approximately normal to the ftow of ui^der^Duml w'aton 

Flow into W^a. The mte of jlow into a Bjavity well ran he formulat4NJ aa 


Q 


loitm {fi/rir) 


m 


where K b a eonsqiTLl for the well and other nomeni'latLiie b a*town in ID. Ttib 
rxprr«4i(ion b know'ii aa the Dupiiit formula for flcsw' into & wclL Tlie Kruph rPWjItinK 
froni Lhe plaiting of the ]>LjpLiit lomicplji prcnliin^ the *'kjteiae'pre^iiUrtf eUrVe" Rhown a^ 

line AFf 'D in Kin. 1 ( 5 . ft ha* becui fcHun 4 J In prnriii^ ihat the ftppmxinmtiun iovqlviHl 



Fio. Ifi. l~Ek1erafiJiinit CMLKn4hionj iPi a aranty wril. 


by the Upe of th»^ DupULl h^rmtiLa n^ult# <if ptiti liral valin^, the n^uilj^ Mng tiiwl 

Jiewrly rorrert whm the ratio of the draw clown wiu-n I in' we«I] UitiR puoipt^l t 4 i ila? 
4frpth of Water in the WrII when ool la'init tiuoiia'^l. b low. 

The rale of flow into a pt^iirr weflp Rtniilar noirtenE-hittire b 


Q 



(30) 
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mid ihu fnlp of flow into OO0 iid« of ft nr tfuncli in 




2r* 


m 


Drawdown ud Recovojy Cuires. A iboicduum cur« b ft curve whocc roordiimliiM 
arp dmwdowB in the wl> 1I mill timif cf pumping, m shown m Jr%. 17. A iMovcify ourv* 





$5rfi 


Pumfimif- 

Stopfi^if 


Jyly 6 Job 7 July 8 Juiy ^ July 10 


a 

m 29 
a 

h' 

£33 


35 


Pcfmpffhp 

500 fp m 


WCOKfflTf 


€.5rff 


sk^wdawn 

a/rvw 


TirM. dayt 


Vin. 17n DrftwdowMTOvery fnirv'v. (R. //. l/mm. A A* ir. H - ,4„ Avrii^ p. 


»howi Lhp mUs of feoflVerTii" oF thf fffttpr level in 4 well aJii'f punapmj; hojf stopped. A 
■yptcnJ ilrnwdown-rRMivi'ry rurvn, Ahwii iti Fir. 17 , ii» lisswd on i<x|tfniKkmN C 32 ) rifwl 
133) 


T 




{32) 


where T ™ time to develop rftdiii.s rf 

/ ^ upertlie yirld of the muUiml. i.e., the mlio of the Amount of fluid thftt wdl 
drain, fmm a. sfttumled luatedol to tln^ vnluine of the meiterifti 
tlthrf namenclainrr Uai^ in B(|. {2&). 



when? ™ drawdowti m the well, ft 

f* » mdins of the cirrb of infltiittLoe^ ft, eiirreaponilinK In the vnlue of 
'Die ilmwdown of the l>A«e-pnw«ure nirve at any other point, e^pmwJ as nuty Iw 
ilelermimHl by replaeinR r^. by Tk, wln^re r^ ia ihc dialAiiee fmm the center of the well bn 
tfi^' point in «.|uei$Eion. 

1 he mle of drawdown luid of recoven- ip a prt^i^iira well is nwn? rapid than in b, pavily 
well. An ftpprcndnuite rate of nKoveiy * litu^ on a cofUFtafit vaJue of has boon ox- 
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prc>riM>cl bv Slighter ^ nx 

T ~ K tug ( 14 J 


wlwffl 7* ■ tinw far wnier Ipvf^) lo riw fratii tr» ^ri 
K • ti>[iFtarit far w^*ll and for ifip unit* 

j?i « dmwdnwn iu weM ftl any timp 7^ afi^r nlwrvalloEi tif dp|ilh Vn 
]pterf«rc3ucp ainan^ Wells, InlprfffTtirp turn gravity wrlk ha* fjt^n i»xprT'*4>eiJ 

liv Mii*bat^ifc* 

,. A'CA,* - 

</i « Oi “--^- - (3^0 


If IK 


r,H' 


whpn^ H' i>i tlin rli5taliiT> hr>t.n-{><«n I lip f.ttni wpIIp bjjJ y, arp llw ralp ipf FIipw intrt 

vjwh Wrii. Otlirf notnpnrlq LiiTP b a* ahn^'U iti Pai mi>, 

Intnrfpfrticp br’twppii two wells has twvji hy SlkhlLpr ^ as 


(^1 - 


2KiK - 

kig - ]oK!2irn^ + 


m) 


WftU Teats, tlw flow frara a well, or j^lleryi far any lirawJawii ean Iw pmiiclr^l 
apprrjiinuhtely by ibf apphratjnn of fhe pretT^linjE formulae. ]n nuking ohnervatlane 
fof any of the iHiramelPOi il k iwutial that the rafa of ttow nad tlie 
drawdown In tln^ well err POfu^taiiL f^onililiiHui in a writ field ean la- 
ponJirled by thr camrtnirt bn <tt one or inore t<M hofe« itum whbh tin- 
Tirt?ta!w«i.r> runMlaEptn for the fiidrl can bi^ delerilliiiiMf, 

Wed Constmetian. iijinpifif^etttune for rhf PUiislriiotiOEi of iJih'|i wolk 
are |iulilisliud in tbi* Journal o/ fh Amfrimtf HWpr EfWI-j 
for SfHpiejulpor, IIMS. Dug wcltB an? mmmonly o]|{?aiii-aii^| by hand 
tootn. tl^w rsc-avntor dt^-endlng into tiie woH as oxrHVntiotl phiKri>^it4^. 
Tht^ w'E^lb may la^ lim'd, or r-urlued* usually with u walertighE lining near 
ihii ground wirfarf, to exclude pallutkm, and n i>prvitrtii lining near the 
bottom to admit gri:>iind wnler. Welle nn? eoTij*iructod aim by driv¬ 
ing a well pniEil, ench ne ie jdmwn in Fig 18, or by Eiriving or 'pulling 
an ope^^^'nll eaniug into tlir grmiiul and Eyrno^'ing the nmtorial within 
the cajEsng by iKirLng, bailings jcLting, or nthef miuntSf 

Drilled welk are mnsiruelod hy the .'^tEmtlao! ini^Lho^J, and hy fpthrr 
tnethodit HUch as jetting, eoi^ <lrillli]g^ aruj tlve hydraulic lllethori Thi- 
stundard nuethnd invotveA psrciiiEskin driying in whieh a drill k alt^^r- 
fmUdy mhicd and drop^Wfl in fheiJeEK^Eidinghole. f t k sinter I to iheilrilk 
ing of weds in aEiy nmlcrinl from wsfl clay to the hnKh-*t nHrk. Diher 
TOfthmiN, Rich nM ih^r hydrau!LLi:!-roitar>- nnd I'ortMJriy tnethode, may ud- 
vam^ more mpidly thopugb hard rtnili. fn the etnudord method n 
pereniHijon drill k altiTlialeb raiei'rl auJ drup^kcd m I he hole, t|ie cut- 
liEPjlpi br ing rithm Imili'd iiqt wliih* the drill k omiuvi^l froEii (be hole, or waaheri imt 
hydraulically by a cUlTenl of rising water puintN'rl into the boh? during drilling. 

In the jet nictbod of drilling ihu tools consist of a holinu drilh drill pipe, atid water 
swiveL Tire CKtuipnient includes a derrick from which thi^ pipe w sniiporteih a fqrei* 
|jump, and the necemry water and power, i'asing and a drive weighs must be pop- 
vid*sl alw. The hoh^ k wJvaacisl by jHjtnplng water under pressure ifirimgh thn- drill 



Fiq. IN. VV^ftll 
podnt. 


i ifviww H'alfr Swm^M i^ptr ]0. (Qua, 
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ImL whjlp il lA t-humnl up and tJuwii. *V\\r cuaIhk follfjwn fJit* Hi tliwly and iUf ft ith^r* 

ripinp throHj^h thi* ^judn+t, IlftP ilw flntfl.V di^'klnl i-qltilijp' tJUl fflf thit Widl+ 

Cnrv drillfl mfkPijit nf ft hiilluvf hit iirtiii>d with iibrTifiivi^ twill or ImlLLnlriftl 
Thr Ni IP ftdvftsii''f'd hy n:>t4il]n]£ il tci Miniugli the nx*b. Ai? llie hit Aclvnnwa & poni 
ill Imiih lip in On- wntrr nf tlie hi I, Tlie \s hmlfeu nff nl IfttervntK a* the bit 

I ii>«i:P-liiiPp dlliJ djr tt*rr in tJUCli lalBi^ lo I he nurfflt^- 
Afiotht-r ToUiry tthraMive nielliEffi Hvnlvpri the uap rt( 

>Htw1 ^Yiax held H rvpflth a (rv^^ihin^, mmLiluri «tjp<d phrll^ 

I'hr rolnliuti Ilf the Ahot' pfknt li3< Krind ftft'ny 

ihv wtk. 

ia the hydraulie ratuury met hud the nre 

hjnM'iied by the Ti^vcitviliK drill bit. Tine euttinfCi^ life 
reiiHiVid i^ktiLiuiHi.dy, EUf thi^ hit ftitvann^ by ft niill^J- 
Jjl^lea lluid i^’liiuh i» puiiiped Llitu the ft el] thrnugh t|ui^ 
hnhew driill ^tem niiJ U huk' in the ruttij|}£ hit. Tlie 
fluid Fi'turflA up the well rurryiiki; the eutliitpi with fir 
Ei^uipinellt^ Typieid tik^'ge-H'idl i‘quipviliUlE in 
iUufttniled in Fii;. lu. Ciu«itk|; m L|fM.*d prevent ivkl- 
Iftpwr of tlw hHe, enlnuknrof undeidnible wftter, epcape 
of good ft'ttter, Jiiul the railing of iiuklerittl into the well, 

MftterijilH nicwi i‘f>;iuTkniily for ftell i-npingp «rp 

ftTi^lght imil, tvfloyEHl ar uiukiluyed aIwI, mid ingrU 
iroiL Tlie of eUAt iron tr iriereji.dng. 'C'timeilt- 
linfd fliid onnnjeHintMj pipt^ af ihi^ uiMJvu niateriftb 
nre nVAilftble and an* fluituhle in welEa:. Hi her 

rimteriuU thnt have Uagi luW iJjclude I'upper, aAbesitk-m 
uenu-ntp ptoAtii^, ivmi litrifii^ day. 

A itorten IS nt the iKjtloiu of a well ta 

Vent I he ttral1» njf lbt‘ fl^uifirr rmtii 4!iivijiK inEo the hnle^ 
lu exeliidi" line Ajir^dp and lo pefniit the eatriian;k of 
Water. Materisl^ uwd for ineluJi^ eOrriHiinn- 

n-^bilant alloyHp iron nr whirh is eithi-r blui-k cir 

gnlvanisb?fJp rt>lkeretep wricMh iflikelktpiniil ipiiVel. 

SifiiY I lie m^dld life ul the well !s d^^'peudelit pHtiiiinly 
f 7 ii tlie dunkbility of the I'nijihjiHis idioulii Ijt 

pliieril on its i>nr^ruli M'leetion. 'rfe:- niin^ of thi*^ 
in a tnay iletertnillHl, ftfler it Sturly gf a lin^ 

rilatLlrAl aluklysLs of the aquifiT, lO |lert1lil ll'ii' iJaNHiiiEe 
uf nil fine pnrtiL'h'S n^^preseiitiuit rt <H«rUiin |4ereerit4t|&% 
hy of ihe waliT-l wa ring maleruil- 11 is eoini- 

TliOtk pnietlre tfk ujM- otkenlllgS lluiE wid para ftlrfklll Tiy 

pi-fL’eril, or Eiiore, o/ I he sanij gminn in thi^ ar|iiifer, wlkefe the gniioimily Hy>eifLeieii L is 
liigll. The tCklJil art-ill |>( the cipemoga in screen should the Hlldi luf U) limilktitin an 
i^ntmnee vi-hn-ity leas than nerefwftTy to cany- the* flnrsl Eairtirle uf wand thni is to \m' 
eitfiluEhd by Ihe F'eret-n. In gi^nerah U Ahogld J™ thftU ftbout 0.125 to 0_2 ft \m~ 

J iiftiELg veSiseitirfl of sand grams wiEli a spi'rihr [travity of abogt 2.05 aps Fhoft h 



Flo. JU. tjr-aeri-iJiirluKl well 
with iwrtkair pkingk. rTA#- 
iSna^ar^ fruiu^rf^/* ir^ psr- 
SiiiMibn jj/ t/dWriifliP, 

I rtduMirtiti i^rndiiflm Dt>l- 


T.IHLK I L Vi:ukriTD> ar Watjjii RagLrini!:D tu birr with a SeKclnc 

(■iLi\^TT or 2.05 


Diameler of KrahiA, Ulffl . . 

L'liiutm 

11.2.^50 1 0.50-1.00 

' 1.00-2-00 h.0t>-4.00 

Velocity of woter, ft |:irr iee . 


0 l2-^).22 1 0.2.=i-0.33 

D.37'0.aO| 0.l'.0-2.00 
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flu PPLV mEATMEN'T 


id Tabli; 1L ll w gt*m*rBJJy Umrolsli', but oot i^i^ntlAJ, thnt ibp of the wiTfii 
iK^unl to thkknr^^ ol the qquifrr prnelni<i.N;L 

Gmvol-vdtl wcHf, thnt 15 , uith d wnIK nf otit^tiitip ol aihI sumnmdinis thd 

Bfl Bhown La Fk^- btc uml to increwM^ tho nrvn of caiilircrf belwwn the Aquir-er 
mt\ Uki? Atill* ibuj ilinimuhinj; thit veWUy ol ibi^ -t^nrerind mnd ineit»i<LQd the 

tTpecific riipdeity of tlie well. 

Tht? nxe of lynvel tflicrtild ktt. inoleeted to prevent the eiitrAnee into Lhe well of 
of f^nd gTVAtcr t hnti ba dmml. The bprniiid^ iu the iiiner mettillir lEtoen ahaiild be ss 
letr^e ae pcia^bha withdrut p^rtnillinjt rtdf ratrnnee of dfnvel lato the nrell^ 

Well Puuiipa. Centrifudnl pLiiiipe domkiiale tine Hrlil iti ihe |3ittnpind of weter from 
Other typrw oee tinly uotler ttpei'ial rkreutiiritiioefai, ItiviproeAliniE puni],w 
tut obaokte eseepl for doraf^iic nnd Btn&fl wmIi'T efU|>plieif. Jet putopf! nm widely iwpd 
for w aia ll auppliea up to alKJUt 75 Kpm. Ctkitrtfiijfiil well pnmjui an* nyailalile in diit* 
ni jujd bbove about iitiiipc'lleri!, with cnporllipH tip to 4,00Q to o^ODH dprtk ASmoNi 

juiy reAt43TiAble lift tlmt Is required can be ol^tjuni.-d by incrcjudoir the ntimiwr of 
ko the pump. Kffifirncira up to liQ pctTctit and belter me reported, hut ocily 75 to 
pereent or lower flhoukl be anlidjifllefl In capadliw^ lower Umn alniut 200 gpiu. 

The Bpecthc *peeil pV, uf u rentiifkiipiL putnp ian koiportant in its selection. jV, for a 
centrifugal pump if the apeed at wdikh the icnp^dler would nm diflchAridug I |f|>m 
under a l-ft lift at the bkEbwt t*llieteiicy% It cm be c^pronned a* 






(37) 


wdkere fpm « speed of revolution of pump iiu^kfller 
gpm * mtc of dtHcbjirio' from the pump 
If M dwhiirge hcadt ft 

Falirin * has Bhowti tlmt for dct^w'ell puiupH the modt fnvomblr de^lgtis will be fnuikd 
ftt H spedfio ipecd of ubout 2,500, with a fnvomble ninge between 1,500 And 4JOO. 
£!^pecif>e spef-dj lA reLited to the mlio of wheel duunetm D and to inlet diameter B mi 

^ - JO.ISOO (38) 

when ¥ 4 . is Inei than 4,100 nnd B/S Is inure ihaii L25, and 

iD/Bh\\ - KKJ,0CK) (30) 

when iV,| Iw iikun? tlunt 4,100 and D/If In Im than L25. Whcie jV, is between 4,100 
and 5,800 tt nnxethllow pump, eoinbiiiiiiit eeiitrifugnl and Bcrew^pump ehAitkCteHaticiiH 
nhniild he ueed^ In thU enw 


{DN,}/H - 530,000 


£40> 


whi^Ht B/B Is lees than 1 -25, Wlvere iV* i@ j(nmtiT Ilian 7,500 the [impeller or svtvm 
pump should In’ used. 

It is to be nuted that, when A'^ La hinh, D/B In tow nnd the Colidktinii iw unfavorAblv 
to high auctian Ilf LHl 

An empirical fonuuln, \TAmii un rveommenclatkorisi of KnliriUp show iniE tlici mlnlinn 
hetwean some eqntmllinK i*ciodiliorbti In pump 4ii*li-c<tknn ean he e:^presfipd as 


D 




(41) 


*‘Fa»WX. a. it'afivr nd Aiinl, ISHfl. liVT. 



CIROUXD WATEB 


10 - 3:1 


J> » cnitRik ciui-nu^ti-T ill pump ruAiu^^ m. 

If * toictl hendn ft ol watcir^ Tdr or wtitwl 

?t “ Epecd of wbeel^ rpm 
Q » rfitf of dbr 1 lILflp^, Rpni 

Tlif! fomiuln in liniiu^l to piknipc of thp irlfidi-ut-Vi wiLh ppwifiic sprak hc'tween 

4,]00jikid 1,500. 

Air-Lift Pumps. An mr lift i* sliomi dLagtuiumaliirally in Fjk- 20. Tlic rrquiidto 
ile^th of dip wpli to ppavidp fideqiuiLe ^ubfui-^ptn-v is on iliei tfubitKTj^yncc mtio 

D/tD -h k), Sonv jRipyEfwifMi vnlu-i^ (d ihtM rmtin am Riven tii Tallin 12. Thp volume- uf 


Tahlk 12. t'>FKtfr or Sriii4>;Hi^nsc»^ on EmnKNriich cir Aik fdrrT at 

\\i^. 


Hat jo U/h.^ ,, 

S. 7 O 

5.40 

1 

±m 

2.25 

I.Kli 

1.45 

l-lo 1 

O.tMi 

SithnqprRpnpp 

'''^'"' (yj + a; 

O.S^Mi - 

a.;^5 

0.705 

0745 

a.Lji^a 

0.050 

a5iL2 

0.5^44 1 

(J.JSPO 

pL'hWfitaRv^ 
pfEHiRjiry. .. 

25ii I 

:$i.o 

35.0 

30.ti 

57.7 

30,8 

54.5 

,51.0 ! 

20.5 
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10 m WATBK islipPLV AN1> TRKATMfcNT 

Air iruu Iw ^jcpnwt^ii tiif 


+ hd 

7hE lc«r 


(42) 


wli(rri-<^ “ ml** Hi whisrh WHU^r h lo bp ni fl per m.v. 

A| vc!liJi^ty )±fftcl nl uiftmlly tjikm mi 6 fl Uir iJw-p wrlK down i* j fi 

fur Hbitllow aplln 

^ - ii-ffieiniiry, uftutUy tiinmt ^5 lo mUi lailin^rspiipo ratio of m to 

lieri'tMil and mjhiia''rxrnrp hf'lwfVTt Bnl) luui ft 
Tliu datpii^Lpf of I hi' air pip<^ irun he rtinniajh^l fruiii 


wla^O 'd = [|jjiJiM''liT Ilf 

^ *= mlr of tif iiir in 

V - reloi ity (d fltitt Ilf air in pijw 

Tlip of hp^d or prwwurr duo to frirtuiii \n fhr jiir i-sin Im^ i‘rttiipxjb^l fmm 

Pi= ^ /V « (j 

whiTCi Pi ^ lEhitiiil ikn^iin*, p»*i 

Pz - abeoStik^ UfnniiiHl pirwunv \m 

Qa - frtf«Kttir i^idvniiMU ihnoiiKlk «hp iA[m, cu ft pi^r mio 

I — Itiigth of pipp, ft 
d « dLaim^lpr uf |iip(i\ jn. 

Tht' iiu« of the Mliu-toir |qpi> i* rtmiputed from the exprewiitiu <J - .4/1' nbfro A » tly- 
mwe^tioaol Aim of the r&wnR rdumu tjf Air nnd WAler. Some velocitiw ore; 



Riwj of ftif pipop in.., -...... . . 

V'ulodity at t^ntnuicv to wimHor pitK, ft jior wc 


&Al 


a 

7-3 


4 

tl.8 


o 

I2t7 


Tilt vdotity at iho illvharKi' i* iiHauniwl to bo aboyl Ui 2^ fi jior mv. 

Jet Ptunpi. A jet pump roTwwt# iif q reiiiririi«ii,] pump muJ moti.r At iIh- jmHUul mr- 
fAdsis ttttd A jet ilawti in Lim *-ri| heltiw the wfttrr level, flbM-lmrpndot hiKh velneitv thrugifii 
n nuititicled eectiob into the lift pipe. The wiilrifuKhl pump lum two fJi«ehi.^ pip.^, 
One kuda down to the jeL Thi- ollker rArrin the wAtrr into the dlKlributinn hyKtem or 
into A storage tonk. 

t^UMPS AND MOTORS 

TyimA Of Pnmpc. Cenlhfugiil [nmiiJB nre iwed alnuwt eacltuiveiv in wnterworke 
pumpinK- A dioiEFnininAtic eectbn Lhmu((h mirfi n pump ia jihown in Fins. 2 t and 23 
Siinh ptunpe Ato AVAibhle eommendiiJlr for nhnost inv capoeity tiiAl irdalit nortnallv be 
lequired amI for lifto .ip to 700 ft in one itiuSP. Tbrre i* Iw thwsraticni limit to the number 
of atJigeii IhAt HU. be plnoe.! in »rito to inertmm the Uft. Mnriraum lifto per alAjm st^ 
eriiiimotily nmr to 2 M ft. KffiHe„rh« up to IW prreent have been AttAiiied by larRP 
lAimpa but, in nenrnil, the eRkdeiii’y tif -iiniU immpK i» Inii'er. K|iHAle nf 5 KKJ to I SOO 
nmu nEid rvtn Idicbtr, hit' 









PI MI'S ASi> Mtmnis 







CfrnPiiugal pump 
wUh turbiine di If user iratiES 

w 



Fjh, LTL Uf'iiLrifitipU 


Relation ships af ChAneteFisticK. ItcL^tjaiu^hii^ e|^ijinieUTtatiia< «f i^-iitrir- 

ii^\ pintip:^, jw Ui'v^^iopeti from lhc«n*licsil wnFidenilitifLi^ iiitiy be 0UiLktua.riEPr| fol¬ 
lows :: 

I- y vjifit^ ctim’lly itf the tiiiiuber uf in pamllel for any ^vv.n iEpc>ied. 

2. ff varit^ ill reel ly ike file iitjjxkljcr of ini|K‘th*rK lit iwiiefl, itie ttiimber of 
for Miy p^ivi''i| 

3. VVhi^n i\ Turieii, Q viiriiitt liinvdy m S; If viiries Uimjlly as N‘; Q VTkrii>« // - a mi 
f* vjirtM ;ia /f' K 

thmn<iirti,l h-laliotiHlki(id itu iiol |iohl e3t:kel]y <kf emire in the hyiwS 

itT t fu^ mnilinoEi.^ Ilf fluw of wjiUt, btit I hey ntv ^ulTidtmily oi^urikto fur npproJcLrnii U^ 
Nflhllioflrt. 

Thv eIinrtti-leniiliE‘ film's nr, TTiEin- r-oTiims>nly, Ihq rtinrar-teristioH of ik (^C!rkt^^u^lt 
pkiiiip, arv the n^latioits betHtH-u ibe vnritpin! tonditionA ufTeelirkp; the |ierfnmijiJii?e. They 
lire qsimlly expm*etHJ unipHiroSl v w\th I hi* rale of liinehar^eQ ts lhoahseii«iu and mher 
fjtflm hit fuiuflujit |LI« ortlitkiiii?ri, ekirh a* the heaid //^ the pum-r and 

thp efbrieiie.v E. Thr fhmai'irrfMti' iHe Kitipli ^^howiog the rekUoiishtp ^tetween Fi and 
<J, for nny giveii wpoed, wlib }f pliTtlHl aa onltmiles. [ni-LfKklA of plutling rhnmo 

Terieijoa nrf a\m lisi'ii. riuuTkideriAtii'' eun^t'S for n win git* pump aT differenl npevniri nro 
Hhoft-n in 23 ai]d 24. Pi|,p 4 it? 23 ?hriwH ihrit ihi« pnntp eh^iqfii Iw iipiortilt}!] nt i jr?0 
rrnii, M-ill!i it iliN-luitiie of silkOLii 72 fj gpm, ninl at n head rtf 244 ft, A pump with tUa 
ehnnirl4Tklh*4Qr al l iukI a witje pJaU-all iit I he highitd efliriiMiiy k moet ffnnml ih-. 

SmctiDii Lift ud Cavitadod. The height lo nliic-h water coji Iw nii?*eii tiy mietirpu 

£':iJl lio exprt‘t«aainl his 

// - A — (Tp + P* -h fij) 

w k're A « prwfejuti,* of |hi^ ntiinjHphere 
Vp * Vupor prewon- of water 
\\ » vi-lth-ity liiaid in j^ucitiou lia*^ 
if// = frieliiMi louptrs in sueiion line 

Ulktin* the piinip ofKn^iti's at li>f> high a H|»ced envitjilioEi noiy p^ult, eunding ertwiion and 
dithnilty in opemlioii. I'lumtiHfaciory optifaiion tiwy be expected nl n ttpeeilie ApiTM;! 
nlwivi! about whiTr // in Ihe lotnl rlyEinniir sntrtion he^d ami k ami n an* mn- 

rtinnu. 

Ttki' jM^mimiibk liriglkt nf FUelkoii lift In nvuid eAvitiitioiL u relalfHl to tlie fipr^'ilia 
T‘\wi'i\ £is indirateif in TEiide elm I'ompuitMi frimi jEifurnnilii^ri by tike llydntulie ItiMli- 
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WATER Sirpt’LV AM> TREATMENT 


ttltc.' TIh' <^vitntioFi rnrtur, liKiuitb' txpnneinj M nr », J* tn 

wIm^h' //.wttliwwplicrw pirwiirc, Viijinr pniwin*. fl, irrtIcliWF lift, nii.i ltl\* 
rlyiutmir lim<} cif tllr tMJmp. rriliml r wthf* wtlub CAVtItttinh lirjeifH . 

.ohotiM he A mte mArtpit mIjovi' il, an ifi'tiTtlltnH {i,v tn«t. 


Taai.k 19 I'»;aiii^-<ihle Si'fTios Ijirr n') Avatti CA«T*tlfts i.v Ciisntin. iiai. I'rni'^ 

Tifi ill fi.Hi-t 


^e|nti^Kihle 
fiuetiiui lifi, 
ft 

iSingtti-hyrliHilU nikcii 
fll.lH^- 

K « » 

fe'dinkMcurtifin, idiaft 
th roy^h i tiyM-lliT e>'e 

rjcnible-aucticn uuiiit} 

K - 

DyiiiuiiJe 
head, ft 

A' 

1 imllioEiii 

DyTihmie 
head, ft 

K 

tiiilllcins 

L:*>'iiamip 
heatl, f 1 

K 

millioriM 

.V- 

15.000 

.V. 

s.ooo 

.V, 

9,320 

A, 

1.7iW 

A'. 

3,COO 

-V." 

2,900 
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TO 
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5J 
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15 

7.S 

IM 
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44 
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1 41> 

44 

I5L 

80 

to 

iOA 

4Z 

3-ti 


|{>2 

il4 

51* 

11*2 

nif 

y 

12 1 

33 

44 

71 

214 

75 

71 

214 

135 

0 

14„4 

32 

5.2 

85 

283 

1H 

S5 

283 

170 

-3» 

lO.ii 

T2 

0.0 

1*3 

3fti 

IU2 

n 

305 

184 

-10 

IS.O 

8J 

0.8 

100 

310 

MO 

JOtj 

340 

203 

^15 

20.5 

HI 

7.5 

115 

3T0 

120 

115 

370 

225 


I heti iu4jr4|j^ 4if%¥th itf WEW iu Mlf liOiL |ril rjVET Uip ot j/ump -inihni 


ELECTRIC MOTORS 

Selection, tn ihn irf tm cltnirtrie HKiEor rnhdltjdqj! to in odtli- 

tinii to Ukt typi- rjf i-iinvnl anil nf lirrmi iivnilKlile., inelinic; fin^ eosl ntHl miiuLl 4 -fLiii]i‘i^ 
coulj mitiibility for the elmJtidter of wfork lu hm ilqne- t^pcvdt, rtppeti jhhI npmi 

eontrai; m mniiijc; liUtrl ing durrenl in temi^ of fuU^luiiil riirrqin; PtarluiK tocrqui- 
ill nf fiilf kvid l<»Tque; pf>Mii^r fwi’lur; ntUni jiowerj fwiitiiil Irani rlmmcttoruEiii^; nr^tj 

whi-lht-r M]ji:tfjwnl, N-mk«iif'|ni>4Ni, or ijjn-rL Siiiiie of Ihv more 

ly|jeri of electrir mtilora an* Urtted in Toblo 1J. Motoin witli oUii'r rlknmalrniclJni mnv 
Ih^ maiiufjirtiiriHl wUh itpi'itnl wimlinp^ u^ujilly at n hiieher ecwt Ihaii for MtaikLirtia> pi« 
njotOhi^. 

l-ilwitiir iivfiKir^ ait- availsItlr for aliuiMt any bfn-w^powrrr and for a|)«>nit]<}n 

nf various ¥pmli9 or vr'tih diffi miL kiinls of elmtHd curreni. HtjimlanlijtiHtaon of pnn-lii i- 
b pueh llml thri*e-jihjiee fiO-eyctt? rum nl in moHt I'oriimmily UMii in IhiilH 

SlAleft, lire wjt mi Ki^nprady i^tniidELrTjized. Voltaiin^ of -250 and 440 an? fjorn- 

nKmly used, niid hi«htT Vultjq{e# an^! fo Ik- foUJnL nidi llm Imdriiey, in pnietic^, to uk- 
ihe y^heit (KifQiible vollagi'a tuolatnin the Lip^hifil elliiddnev dommeruiumte ^ith mfety* 
Migh-f^pecd motors ftre fhpftper lliiui low~4ipi^ mnehineji, lavauM- tJm iJnrtai ani lijthtnr 
for the aiwiH^ power. If a rerdrifui^l puinp b to tw driven by nn eWtrie iiioyr, it may 
be ehraper lo ime a >i.kjv-^pmi motor dirvclly domna'led io the trtJrnp on die aaJne ahidt 
mther dian to Use a apr^l^redurtinn deviee driven by n hiKli^jip«s?<J uiol^r, ^ti^^tary 
eleetfir nmotn have etiirciriiLiiw ahow OtS pen-eiit ^ Uo |ien?tirLL ia not yiieotnniof l 
lane iridyiitkiEi motom urt- dm hiemI widely lena! in wnliTWarb^ twnuiie nf thi-ir niKp^ed 

iTaEfraiKl Wmi(s, Anril. iO+ft, p, lUjTj. 

























elkCTEJi: Morafifl 




14^ CnAa.iCTEniymtift ot ICi-E4.™:c Motors* 

Ty|Mi of Muiot Chuiucteriiilicfi, Advants^^.^ and Applications 

Shunt-wound, d-c. .rumpni: * uorubuliy aboul I limes full load, 

normidJy about 1.5 full loadr Altaimttm 

for^Ue: twinv full load- reffulAtiun: alxiut 10 pe^fml 

vaHiition between no lond and full kmd. >^p€€d ronfnqf: 
adjiutlAbh! by ineaciH of rheotslAt, vnries not mone ituin 10 
fH.'iTFnl far nay Aiytialaii^nt. iS’i'^fs u|i tci 200 hp. 

/w; fmjuiMit sianitipe nnd •rtappin^ with liKhl or 
niHliiuii j^tartiTin hJiifU, f*hoji machinery, coQVu'yors, fanSp 
ta-titrifu^l pumps 

wound, d-eeoirrenj: Btuiic US for shunl-woun^l motor. aSrorffiu^ 
lafi^nr: 1.5 timm full li^ hut iioniuilly 2.25 to ^.0 tiruEai full- 
loafl torf^ue- ityt/^Ur: 4 iLmiRt full-lcmd lorrpir, 

Stxrd frffufofj'aiq: puufp ini-rpiisea danjivmii^ly with tlreruaw^ 
of hmd, may '‘run nwny/' Sptfdf mntrd: i«Hme lis shunt- 
niii>ti»r. umilabk: I) to 200 hp. J^nifft££r /nr: 

lmt\ ibjtl i.^nul. bt^ rt-moVi-d from luchUir such lu crmne^ 
fans, and rtulwaya, imd far fmiupiit ^rtinis and stopping. 
Not suilnblr fnr e^Tttrifuieal piimpH 

iJiiniFKiund-wiiuiJil, d-<%., ClhwnirlemtiMi lie between shunt-wound and series-wound and 
deptMiil iHi the clmiarter uf ihe winJmpj 

tikilurlinn n-r^ polyphnae ra^nf.' 5 to 1t> llnu-s fuH-lmd Ciinuut- _ For «1CHS 

-‘^pI^cTrlH5u^e 


JCeiiuLiHnk-imluiiion, 
>in|Lle-pJuu4^ a-c 


SynehnkiiuUs. a-t...... . ..-ir . u... ...«u.. , ur.,%* 

must Ijc excited with direnl rurrvEit. iSi^rfing -vv-ry 

Inw. MiOimurn f4>rfli*r: 1.5 to t.75 runninE luniue. .Spf^ 
- pi'rfrcl, no varbilinm* in Npty^l undor vikrydug 
Ifittds- ■Spfk'rf canfrai: nnn4^. nmmtdt: 20 to 5,0^ hp. 
p^HT ffj^itr: Up t« 1.0, SttUiihirffrt^ atcjifly bad nmi I'on- 
s^tant opj'nilion. Kseehenl for puiii{M Improves piiwcr 
biel or 


nbovT n hp n'c^uin>ri rtfiimai 34infUti(c drviw- Vk liere fre¬ 
quent ^tartinjE is KiHi-s below 5 hp mny mmltr! 

NiaHi-inl Rlarling windings^ rondenfere, or other sLurtJug aids. 
tS^artin^ tiiw hi termti uf full luid. Jfun'muai tftrquir: 

2 to 2.5 tinice ruiiiitng ti>rij^uc. Nprvd rt^ulitiion* mxwiH, uiay 
dtminhih 5 lietivi.^^n 4f>lArt uni| full lotnl, &3n^ 

itvl: none, runs only at desiipipil sjmJ. UPrtihhle: 0. | 

to 4ht3 hp, PflifVT /fKfar: for Kfdit phim', illduelion; fno'- 
ikmtjA hp * l>.55 to 0-75; I In 10 hp - 0.75 lo 0.85; and 
eoEideiir^i^r lypi^ * 0-75 lo 1.0. Squiirrl-nafti^ |x^iyphase 
« 0.75 to 0.110. NuffoWi'/^w: fi>fi4itant load and o(nitii]U4Hni 
upemtiuji. I’^ei^llent fur fana and cunltifiigal piimtJA 
^Sfqrfia^ atirrmi: 1.75 lo 2.5 timiw fidl hiod. Npffti rr^ufnfvjn 
and ^oiifrofr abovo hyni hrunism al no At full lotn.1 U 

(Similar lo lliai fjf nn ttfcductbn mniur. Sisra ttrailnh^: 4s la 
1S hp. -SiiifaWr/nr.’ Iwm’j start ing Icmdii i>r fttquent starting 
and stojjping 

-■ -i lit iit tivni->d ^1 + 11 liw^-l t-tnivl i.^..lji 


^VlTtflll liAliBrrtr IL E.. wnt J- 1. l>(rt-*ai>. alfif EoffUMseirnff. .'il^ «i, .Mi-Gn^-llill l^ik. 

(‘utnj.vliVi Lir.. Sff’K V«Hk. 11(35- 

s StvtiriM iTuiTHtl^ in tlw* li«t staled iw^ 7J U> ItM <it Uiit -rmJiiA. Th« Frcw-niUir 

vilibf auiy Ni t*kn\ m 73 s*fei*nt of ihs hUickcil-raUtr ^hm. 


etjiiritruLlinii, their fiailpriKif ulairactiFriBlit^ai if not overtoudwh and ihuJr HAiarly eim^taiU 
upeed, 

OperatlniE Haiards for Polyphase inductipu Motors, Alti.^nu^ting i.’urrent may vary 
in pbflse, vxi!tajp% or freuueney. If oni- or inun* pha-H^ tin? lnU*miptwl while iht^ niotor 
i^ iiibp l-b* nintor will nut *lart- If it runriing nl tln^ time of llir inti^rnipttEm qr If it 
lUtirl tHl by eatertLally n pplHd jwiwef^ ns by puKIIng oa i hi' InAl^ I hi- motor wilt run aL 
normal iipt^d an n sniRb-jdntm^ nuilnr ntid will rieliver jiliout +10 of nurnntl-kHd 

torque, wilh a pulNiut lohiur nlNml twii-ilnrilf< to oui^half uf iiti^rmnL Tlw elTeet uf 
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WATER SUFl^LV AND THE ATM ENT 


* poSypiiw»e maim uniit-f ftill load and «ijng]/>^phiU4«^ coiiilitiorLn will br to ovt^r- 
tcjrnl iIm; motor and k-nd to ]l» ptoLiablr df^injir^EKiin, 

A drop til voltngr niny caatt^ a itiator lo to starl or to |puII out in ojrihriktioii, 

hmiiw lorque variw rl«*^ly oa thi^ f>quan' of the vniltiiKO. A mcnor thuu fttop|MS{ witli 
(‘urreiit in ili* wiudlngK w ufion to df^rnetlon. An ('.triw^ivH inrraiw in voliajci^ caiuc4 
dort^ kism Jipprtp>£iniatp1y jui tin* M:|uari^ of tlio volta^% and riwp in ti’iiiijemlijTO rndnnge^r- 
itig tlifr inetuLullon of iht» iA-indin|ip^. Changi^ In eiim^nL friHiijorny cattHua variational irf 
iiiotor upLHHl and appro?(iiiuitply dlreclly ha thf i*ppi?d. Al oormnl o|H^ratiiig 

load and with itiprpajual fn^uen^y core losne# ilck liiL-rvnHt^ti In incrnajieil hinting, 

iiinw tlici \wwi.t rfi{nan>d by a ronKrifu^ punip vaiipn appmxkiiuittdy cw ihf culv> nf thu 
wp^i an iticmuw! in rsp^tni mljicljl rc^uit iu OVfrrLoadini; tiir IllOlnr, 

rndurtiaii motons T?n]l, in gctieral, not bo tiedmiJ^ly affct'ted by ^Mirifttion of 10 pt^n-ni. 
mno' or Iran, in fitbor voltage or frof^uency. Interruption of pliaw i^, however, a 
lia^ani. The !iu4iikMi interruption of ^jowcr will Imvt- no rtt-riria« ofrect on an induedoFt 
motor unSi'iM it ifl connected to a revniTibk- Inadp Rich ru* a (‘entrifugnl )miiip. Lrndrr 
HT.ii‘h riroiimditaneefi botli the motor and i\w pump must ho protected ugairy^t rr-venoil. 
irnlras a motor in equipped for nutomalie nelf-^tartiug ninkr the kjad, it mtn-t be pn> 
aeninat a nvumption of imwrf m the event of ita inlorruplion. 

Protetrtiod dr Operators and of Motors. Motor Trimnia abEMitil h- Knnitkde<l and the 
grounding ebouhl beinspeeleti froquenlJy ami C4irt‘fylly tnjiintamed, to avoid elect ricnSlv 
charging tXw fmme by current leakogi', kUray ciirretiLP, or inilueed eUJTcnt, Grounding 
prnterUi Mh the o;>prftlor bod ibt- moion Gonikectipn to a water pijie niiikt^ a Ktil-f- 
faetor>' ground and, where properly done, is not objoctinnable. 

ntectric mnton* may lie protected nRainst overloail by fiuie# and by eircuit thrE^akerr^- 
Kii.4ra are limited to rurrent under about dOO amp. Tnnr^lag are un^ partiruhirly 
on immll motoiWi to permit the motnentar^' jfurge of rtiment up to 500 percent of rating, 
in hlnrling the nintor, but to Ukternipt the eirciiit if tlw teniiH ratun^ of the motor 
c jin^vely. Thi- thrmuii eulmut is dej^ijtneti nud functions sinulurEy to n plug fuM- emd 
in tr-Hd to protect rqnall motors nguiiutt. overloaxis. It protects the motor agniEMt. over* 
liKide wheiejM thi^ tirnE-lag fu.-4- prutei b^ the motor jigninst teKi liiEb a tempemture from 
jiny okuiw'. Fun^ ami thermal cutouts do not pmtcel against Ikghlning nr rtirgra of cur¬ 
rent. 

Circuit brmkEts, acttiaini cither thernmlly or magi>etieail>v am available to interrupt 
eurrenEfi from 15 aiikp up, under all iMjndilionn of Pervife ami, if rfV4uir[Mi, to clow the 
eircuit aulomaticaJly when tbe current ba^ returned to ikurtiial^ Cueml brenkers, 
actuated by magnelie devires or n^liiys, ejv available for E>irtitection aRoiimt nil (hr 
Imxanh normAhy met by tnoEoni, e.\«pt to nrreat lightniEig, 

The lightning ampler is a devi ^■^1 plaewl on an electric rircuit to gmutkd ese«tti voltage 
in the cin uit atkI to rt'store the cimiil on the return to iionnal votljkge. ilincc the energj' 
KrnimilEKi tlirnugb A light nlug arti.^ter may tie high, the arnrster should t* placed in 
a ftafe roeation away from other i^t^iE^mcnt or eunkbm»tib1e materialB. 

DISTRIBUTION OF WATER 

The Di^bufion Syslem. A wnUrwwks diMribuEion system includes pipe?, valvra, 
liyslmnEa, anfl othiT ftpiiurlenam-ra for conveying wall r; rraervoini for stomRe. equariK- 
log, imd difltribnEion purposes; service pipea to tike eon.Humcrs; meters; and all other 
porU of the cokkveytnR system aiut the water leaves the main pumping stjidon or ihc 
main dwtnbutkng fcoenroir, Distrilmtion systenw are laid out with pipes locateii 
provide the k^mt loAS of head eoiiAt^timt with ^ma-^faetory -w'rvice. No Keiketnl rule is 
appljriiiilp tn nh fonii itkinjj. 

Pipe Sizes. Wlu'ii ihe mtu tif llnw in n (iIjk. i, knttwu tlie (iisnu-tbr 
Biv«‘ Art Miuioiuir sl vtiwiiy, whifh in in the nnlor of 3 to ^ ft pi‘r sec for aviTn^e iio*. 


DlSTBlBUriOS OF WATER 




jiiid may br uji 10 ft pt't j»c few (ire ouppSy* 8mwltpr pipw may W thueen to givr 
li^wcr firet but nt th^ cjipcMi# of ip^X^r iTprmliuF ^ puinpirLg cmt. la the ei?Jpirtkia 
k4 (Ape iiw's ihc rallowiug pitacipJcs nmy rerw a# n guklp: 

L WbtTP no fire uerviit* vt isivoived* S-io. ptp<? may b«> laanl for not more tfmn 300 
and no more Umn 1,300 ft -l-iu. pipo. \Miimr pi|i™ an- OfUknn-ttd at cinch pfid to 
maiiu<i and no Rre lairvin? u Involved, 2- cxr 3^b- pip™ tmy bo SCO fl Ion*?, and a 4-m. 
pipt* nxiiy be 2,000 ft Ian*. Xo pipes Mnwllor tUiin R In, fthoyld ho where fire iiervke 
iiq Involved. Above tllM> fi tn length, firc^mce piptifi should U' 4it least 8 in, in di- 
nrnetor^ 

2. Fipiw flliuuld he iniereonni‘i"ied at intervab not p^reulor than ahuil lp20CJ fl. I3ead 
i-neb shauhl h« uvoidod. 

3. .\rtcriid BiHioJi ^innltl be duplicatetl but not laid in the wiine k^treet or otk the same 
tmite. 

Analysts of Pressure Losses in Pipes. Pn^ure liwfien in a diHtHbiitino 1 iyr.l^atxl for 
any eoikiikiun of flow cnit b*‘ meiasurod by on eleclrie-iMJtwqrk analyzer * or cionputed 
Uy the Hank Crtss* methoil of suctwdvv approsimatioiufL. Tlui rettinR up □( a diattibti- 
tinn fin sUm nti ikH tffork nnaly^er b iiot lumple and the roFi b hi*h_ Hc^tire^ 

the icMdrument h not widely u.Hed. Hekwi.?ver, refiulta for different flow rondiUpna are 
cwnly and quietly ahtaiiied from it. after the nnalyrer hast been rel up- 

The Hardy Cross Method. This im thcMi in haBically cpiw: d[ trial nmi eirar whiph k 
lieat explained Ikj- the i^lutian of an example. 

Kj^ampic: l^t it }?v dizsirtsil lo rcimpule lite rate of flow in o^cb pipr of the di4^rktHution 
system shckw’n in Fip. £-&; (l>e presHtnia at eaeh uil 4 rrepctinii of two or niore pi{awj and to 
draw the 2-pei pbroniplric contoura. The formahty of pTtiredtire ami llio tahuiiktkoii 



Fm. 2£, Pipe nctwcKrlt tor Hardy CrwHi method of rookputatioii of loMt-M of in a water- 
worfa dblributloa A>-^t4ni. fLopoul, 6 hI ftof (V rate# jfoir, Oriji+al/fv Fiif 0. .1/. Fob. 

For, A>ioi^R#cW. Frft. 27, llMl, p. 5fi,> 


of data and of roinputatioiifl nrc l€ foltow a stamkrd for eonvenjenei' only. A fornuil 
prnrt'^inre b d(^inibh- where two or aiore ooiupulen^i are to chot-k tite skdotjaki, 
tSitiutwifir 1. Numlwr eaeh cireuit fram left lo rijeht and tbm dim'iiw-jird hy Iifk'j^, Uk^ing 
ruiTULEk nunu-rab, na indSratoil in the fipu rr. 11 b X*^ tiave a j^^tiun of n unitwT- 

init of rircuita in order tn identify thetn„ 

2. C'onipute tiu' lenpsih ttf S^in. pip* with rin the Etaaenand WillianiF^ fortkiub ■■ tOfl, 
which li« l■^JUivah‘fkt to parh li'Jifttlk of pljw in the dMiibulion system. Ftec*knl. us in 
TfibW 15.4. Factors for the convention uf any siae of pipw to i^quivaleiit length of S-in. 
pip? are shown in Table 15.4. 

1 Cl.Oh, T. H., Mid 11, L, ILuOjr, Jtwr. .Vnr F^ff. W^Ti^ n’tiv'l# Arivn-., lirmtiisflr, 111^, p, Sli^i 

MclUkHT, M. /fw. AW Fitff, WoJfr PTiDr^j E^rmiibi!!-, lO&l. p. 390: Jomf. .Ik. Wa/ir 

Alim'.. A|ahi, 10^, e. 
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W ATE It supply AS1> TREATMENT 
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TsmM i5v^. LK.scjTit^i Tii^ii wi'ni T 100 That Asa: Eqi ivai^vt to \ D'mt 

OF THE Pipe is the Tahlk 
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0.3 1 
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20 
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0.0008^^ 

3*i 
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0.0010 
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0,00047 

0,00035 


3. Show in Fig, 2S a luLr And din^ctloo of flow which hii» biK-n juaiumtrd in «aoh pipfl. 
Fjptrionct' unU judjcnifni ari* Iwnt imtilrs in mjikiihK thiM- asi^iimpdoniv If is tn bp 
rjjrttpd thoi Qt t-ajch SntPiD^ UutJ pipw Uio rwU? of fl^tw unli-ring munt ec^Linl ihu ntl^ of 
flow lra\llig \\w iiitfiruix-Uon. 

4. Fill in EfiP in work labir ibB Ix'irinnOiE w itii looji I m Fig, 25, woThing frnfii 

MX to riKbl aod dnwnwani with fbe looiw, I aoli lwj|> w rtKHunwM to Ix-gifi al Bhp ijp|WT 
h^ft *-am\-r And to tpriiiiiintP &l tM Wt rigirl mmer of Ihp loop. HciWiS in llwt ifirfx- 
tikin AFP hidimtpd by a + Mign. If in ihp opp&^to direct ion they wnMndiratw! uh niTtii- 

Valui>s ipf hciiif Iiw are compwM from the onjiiognipb In 4 It is to fx- 

Iioti^ thnt t he owTwtod flow in wirli dreuil w il-mhI in tbi? Pt^iriputiitltMi of in th« nestt 
circuit, 

5. the propc^lurp in step 4 until is el>p siTUill jw drriirfxl, Show final 

fkpws as LiidipfllJfiil in Fig. ^ . . . , 

0 . Tompsite the praEwurc losses between like ititt-nMrettons+ in foot, liong Fig. 2 tl, wtth 
I ho Gquivnh>nl bngibn of S 4 ii. pip«, dis^igiiuting ihe intt^rHeclicitis with k-Uers as Lndb 



rated in I’ig. 27, rirnl convert lo jied. t'iKapultitions an- ^linwn in Table Hi. .\ild the 
tiromure Uwmn alnttg tJie VEirUnLiB rouli'^ ntnl >how' tlio pn^iitrs at ewrh iolerverfkjn. 
HlirtrU Iho 2-iwi i*ontouf^, aa jndieatnl in Fip^ 27. 

Pietami-tric Contours. pFewuTT ronbAir?* nkf fik’itHni'lrir nHifonrH mn- lith-^ joitiing 
of o<pi:il lin-mliin^ U(i»(W A giui*n I'lAidithili of jint-hw xnid laki>H.i4f« itk ii iliAlnljUllnii 
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Ta^LE W. CoMfirtATlOsO* Of p££3SUH£ LcH^Ef^ ASO Of FflK^imEM AT I ^^^3HflEen□^■P^ 

IS Fig. 2T 
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WDiOTTWtriP ciiiitoufs for the probkni wlvixl ih the preeedhi^ nn* 

In Fif- 27^ 

Servic* Preasiire^ Mid Fire Pressiires. lioiKl flprviee rt*qiiir«s n pre^ure in the pipe 
in thp prtj«?l between abcut ^ and p«; kiwef pnesflUPt'e will not deliver water at a 
Baliefadorj' mto or height n-nd higher pnessrurei may rause tmuble in the tnaintetLatiee 
of plumhing^ In cities with rough topoftniphy rsfesavn pr™iiJTM may Ym\ avalded hy 
crtikting Konfa in tlm JijtSributjon ayalcm in each of which the ixyocimuin ami mininmiTi 
pressure limita are eotitrolled by distribution reservoire, pumpi^, nr priHH^nvrMiurinK 
valvea. 

A pressure of 50 to 7n pui is requlml at the Ikim- of a fire new.?le for ttde!qviat<‘ firo hj^ht- 
big. This may require u prt^ure of JOO psi, or iiiuro, ul the fire ijumper or at the hydnuit 
if no pumper is upeti 

Fire Streams. The aiinpe^ sise of opening, and the t^nniothrier^ of the nQ;s?:le ut the end 
of a fire hca^, and the pT™utir at the haw of iln^ noiilc fix I he rote of diM'harge anil the 
liniitfl of lietglil and dwiance to whicih an ofiwtlve «^ttvani ean be throw n, Thew? Tts- 
tanees ntid heights arc stated it3 Table 17, ICmpirieal roniiulas for the total fLre-st Feani 
capacity in bfl provided sufj 

KiUchiiw g - TnflVp (40} 

NUFU (NoUonal Bnnrcl of Fire rndi'rwnlersl 

g - 1.030 Vp(i-- jj-) (47} 

where — rale of flow, gpin 

P - tKipulution, thouAindj^ 


Tahlij 17* HEiGiiT?i asp DJ^TAxeta, is Feet, That ICrrEenvE Fmi: Stheamh Gas Re 

TtimiiWx 1 
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t B*jwl Ufa iafgntutkffl pnwnnlwi bry H. Ilo0*a iwd Jp W. tlp-wah Oetober^ 1^1. 








































ATI^R AUPPi-V ASP TH^ATMEXT 


A attidy of I’lim^iit in fiit^ iH^Urtkkii will show the tiw» of jjtrr-j&nui! in wt^ll- 

(irotertc^ L'iljiw with tt disi’JuilT^r I^K"tw i‘fll 17,^ nntl 2,^ wilh filrwiim aI I hi' law 

nf ihp nossEli^ \t} mill I ]00 

Locadpo of PipHe3 and SjKciiJa. Onp pipr niikt iho mjijiilr of ihi^ strroi, or if ih^ ntirot 
ifl pAVi^h llit'n pan oiif^ sido uiiilrr llio pArking^ ni? mtJ^nHorv po«iiioiv» for a WAlrr ifuuo 
io strrots IrKK thun ^tO Ut htO ft ^iilo. fin witip, or on hsa^ily irAvokHj a niAiii mtiy 

bt' plntviii on ('tirh aido of ihi'* slrovl^ tho Larurr onc! on one wfuTe lire hydniiiti are eon* 
nretcfi. Water mriiiui ahotildg in j3Cf>ni'ml, not be laid Iti tt]to>'34 or uoder }iaveiikpntei. 
shnuhl bp laid below the fmst line. 

Valvee ahnuhl h€» plapi>cj tm bmiielnHi from h'tder niajjx% And lielweeii niains md 
hydmiitii. No len^lh of (trenter I ban about 1^200 ft, and pEi*fer 7 ibly not more than 
nlxint ^(JO ft I HliDuld lie left wiibout vnU'e eontroh In liiAh^VAliie flijctrwb* UiedUtAiii'e b*^ 
valvi'e nhoald not fTieeeii TiW ft. Vnlvea at Lnlumrellons stimihl^ when^ poiwhli-p 

l)*‘ ijhiml on the Htnalh^r t wo valviss At o im and thrfv At It enwH. 

LocaHod of Fire Hfdrnnts, Tike Areaj^ rceotiiJi»nitoc| by the Xationnli [kaatd oF Fir*^ 
UiKkrwriters to be mverctl l\v eueh hydrant In a city are Ptnled in Table 18. A eon- 


TaILE 1 &. Ffl»; FW>W JkSD hllOIt^ST AtlEAfi^ 


H^ipuliilloii 

Ket^nired fire flew 
for AV'eni^e <!it.v^ 
mn 

Avemfte iin>tt (M^r hydrant, ft 

Enidne Kirenms 

Ditect sLreiinih 

1,000 

1 ,{Xtt 

i20.Q0Q 

100.000 

4.000 

2.000 

no,ooo 

SS.OOD 

10,000 

*l.D0n 

100,000 

70,000 

100,000 

11.000 

55.000 

40,000* 

200.000 

12,000 

40.(100 

40,000 


i N-tkiorukl BcjWhJ cif Fij^ trHiWTn.(^ii. 

*40,0(10 ^ tl U *hif UkftMmHtti ■lltfrtnra lor dUmrl HtlTAim tai ^ll iritHH ^ pDpt4i|,ti»fl flf g S.^MW 

isr II^D|F, 

vi'iiwiit proci-ilun in lurntiiin Tire hyiJmut* iiA Id Jmw I’irrlM writli a ntJiUK uf »liout St) 
|A>rvi‘tit (if tho AwuniiNJ U'linth itf fire hute hilh iwh liydmnL ah tlH< c«inU>r. UndiK' 
4iVi>rbp|)ipi|c nf riirluH anil i|n|>Tiiptn't<^l iiK-tm will «‘rvp rti* a tcuiiti’ lo llkf IhvI liydronf 
loenlloii. 

PIPES AND materials 

Strease? in Pipes, f'ondulin carry in* w^ler uniler prt-wqut- devi^1of> tlije to 

hirfiit.inf? jsressure, r4^nipiTalure ehangc^. How nn^uml iiencid!i, die weiKht of tile |iipe ajlU 
HU|M'rinipoM.d loads, ntid shoeks due lo huickdlin* nnd other eauM^. Mm% nf these st h?sws 
emi be fommlalodp aa slkiwo ladoa’r In ihesi’ I'-^ptT-KKinrks the proper urdt#^ must tie nsid, 
nr a ElimeivnioiuiJ eonstant iiiM'rtiMl in the fomiuln. 

Ti'Eision due to Internal liitoitjikH 

T - 

when^ T ■ idreumferentiiil Uuwinn in n unit length of pipe 
k m nullufl of I hr pi jM- 
P » inlenstty nf prcMun" ^ iM 
ie ™ unit wp]*ht o| water 

h — head dr |M»«iurp io whtrli |ii|H' nmy be mlijec^U-d 
Uiiij^tutliRAl FirrTMM t™i]iiTij( fmiii a rhflnjtr nf trnii.eniliirp oan be r^ipn-wml lut 


S - E7 V 


(49) 











pifk^ and matehiai^ 
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^hen* S “ y <i rti™ iluo rJuinKi? t<^TnjM-nilitra 

E - niodulua of cliiftifiiiy of ihjx^ niotprial 

T H i-hiing)ci tit U^mpenktuiT' 

C — nf of miitcrUI 

If the pipe in mlbwpti io fiXiiAmI mod eontraef chniii^e^ m osjMinPiuji 

joifiU muAi be* provkiwJr Tlip moveoieot of ihe pipe tnm be enproisied 

M - ur 


wikfn? M = eiuuigP ifi pi|^^ 

L ■ length of pipe ttffeeteiJ 

r * roelEt'ieni nf esiBnwoti of oirbil 
T “ pimtijee in tempt'ntlun' 

Ijmjciludiiiiil leiodon nnultirtps tnm\ tin' How ol woUt nmund ft |wpe beoiii eon Iw'eom- 


puled from ihe espnf^wJon 

r - tU- 4l^/p) 


(M>) 


whpiT M' » tioil weijshl of writer 

A ^ erw-HeetioTial nreft of pipe 
V = vnlority of How of waler 
ff = fteceletnliiMi slilo t* gnivity 
p mtJ^ntdty uf intienuil burnting prTisj«iu\^ 

If ft butliirtB ia nbiiK the line of Qcrion of ihv rrpiillnnl of the tetodotuf bi tiu* pi|»Eji 

on fhch Ridr of the benJ the butlrwei mui't resinl ihr nwjlUnl forre irbieli w 


/H i- , \ . 

E = '2A + f'J 




whele S - mude l. tiireli line* of fipf'- Hnnn-ll. lfltun' « ne in K(|. (-Tfl). 

The phenoini'iion of RUrite >• ainiilftr (« Unit of wjil. r itunirti! r. WiresHvt ilw' (<j w»H r 
or -tinP^, mitv he avM hy the ii«.i«ll-iinii of rt tower or n,«.n l«nk 

“fkuUnB on the line." The w*e of n flirce lower noil tlie hemht that ttic wove will rwt; 
in the lower mn he rwmpauyl by the If nlniiji^ * fumiulA 


Ih 


IVU 


}h 


(SZ) 


wbtTP A(* *» rrosf"t*«*lionftl niTii of 

A* - twsA-rn^ik^ml mroa tlif 
f/ = bead 

f/fc « lifiul n1 liftW' sif low<’*r during iiMisimutu IwighX of 
/f* “ j^tuth^ In-aitl 

A« - dr/(2sr//.> 

d = velocity trf |ir^jflffun- wave 
* Hceelemtion tUw to i^nivitv 
r - linw of rktfiiig imivi? or ftluppiiiK pump 
V « liucftr vclddty of fluvr of Wiii1i?r 

n* •* 2lr/o - iM^riod of the cciniluil 
^ ^ perio^l of ihe huthv tank 
L — kiifith of the iiciiuliiit 

iulftmml loiuls oii fcftiriw! ftre dii*4UHH:^J in ifelioo U of ihin Ijnsok. 

MatariftlH Mniomila moni ^-oirnnwlv ui^l for (IMrilnition iuoMu hmi, 
eeirtLcit, nnd nebt^to. eeineiil. lj“.el. m|HK-r, sii.e, iluminuin, mid fdloya iueh M hrtme, 

I IUl.HU*, K. E„ im w*h5l lipnjiiicf," puMWi^d bf A»fK nnjil Ai4ME, lia;i. 
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WATER aLTppt,y ANT> TREATMENT 


hrofifc^ Atid ntwl nfr! iiwdir iti AdliiitiDn to fi^rrniin inriAlf'ip tn ipumplng mtiphiiip'n^p 

mmU pjppp, vrW&^, aiiJ oihi^r ftppurt^-aariLHCTi. P^mlir ciintt^rklri In B-io -cii- 

Hnii dinallirr, piptw. ^]fuT, rtaud. robber, Jvad aikl Imd nrihiititiiU», and oakum 
anf liwmI m johili^L IHKit Ful^wUiincf^ jaiiih a^ iiickdt altiminnm, chronoM-Cn, elay, 
atiEl HIT u-iad onwtonaliy in ulloyif nr in niixturt>a! principally for tbn prnUK.'tjon 

of midab n|^hi[LHl Formdnn:. Wo-jd i» oci'wnmuilly imxl for jyjjwi nml for FinnII 
pipitM in tt'nipomr>‘ loejiLimiA^ 

Spi>rifieAtlons for mninHnbi irnii erjuipnU'nt are prefNin^l prrioJicjilly by ™cli authori- 
tiiM m tlic Aioenran Wat^r Works ii»i«w-iAtloiip thn AincHcan Socirty for Tesdiiit Mji- 
turiaU, \}m Amertain ^Lamlard# .l«t«fHitiwtp ll^t Amc-rieflo Snricly of AiMbnnicnJ 
i:nKbfc« n=p the iJiviMoti of SimpliGed UJS. OGpurtim-nt i}f Ckjiniiuirco, nod the 

IWiirpmrnt. IHvi»ionp 11,^. Treoiiori' DcpikrtmenL 
Cnat-iroo IHpe, Cmi iron \e usotb in waterw'oriur prtkL-iicup most eotirtnonly in the 
ii^nufttcture of pipe. It liHJf Iji-en itwHJ for centuries in piptHi abor? nbout 2 to 3 in. in 
dianu^ter, PiU-Hflt pipe is mauurnetiiri‘^1 in IrnitLhH of 12 ft, Ifi ftp and 5 tn. necording I* 



^ y /O S 4 %f: 


Kio. 23. Ain«™«i Wnirr W.irk, A«™ l*Uv:., ,„indar,J W lHu,.|.,pUjot j „fll for pH^. 

Aimrinm WpIpt Works A-wrintiem flpt'«ifiriittr)in., L’cnljifunnllv tnui pij*, nc«onIiiiK 
!fr Fnfonil Bpw.nriPBtioiiP, k HTuilftbli; in leriKths of 12, id. ni,^, is, ami 20 [t Centrif- 
,i^lly rPBt pip., for equal lhirkne*««, are Hlr^rnpr than pipe Mace Ike value 

nf the niftluIuM of rupture of -ifl.tlfX) u jp^ater. Some Bfomlard dimennionB and weigh to 
..r nwt-ima p.pc shown in Tahtea !!l and 20. A BOcliwv tlirouj,Ji a bell^«,d^spiEOl 
t-H5t^irnn pipp ia #xia'nT> in Fig. 28, 


Tauui^ 19, JSosii: igyxNDAHii TiTicTL.vtysi^t^ mtt Pit^^aht Jmon Pipe^ 
Tlihiknesses in indite 



* .MftAlaal far ConirMUlidli Df TWrltM*. J#w. JjTi. W,%hrr Wmit* Am. 















































PTPES AND MATUHlAt-S 




TAFij*i SoKEiiiTAJi&AJiti Weigiitb df Pm?AOT AssiD CftNTflTrtsaALLT Capt !ik>s^ Pji-e ^ 




P(l 

caiHl 


Cimtrifugalty cast in metal molds 

NErniihal 
dinm, In. 

Thickne^p in. 

I,b poT l2-fl 
with b«f11 

TMdkncWp la. 

lib pes 
kngtii V 

r i2-h 
tilh b(;]l 


S0i*-l 

350 pei 

50 jHi 

35U p«i 

50 t^ 

350 psi 

50 jmi 

350 pu 

4 

0.40 

0.40 

230 

230 

0.35 

0-35 

200 

200 

d 

0.43 

0.50 

300 

tio 

0.33 

0,38 

315 

415 

H 

0.40 

O.aS 

515 

045 

0^41 

0.41 

455 

455 

to 

0.50 

0.73 

035 

030 

0.44 

0.52 

d05 

OCKS 

12 

0.54 

0.70 

»$0 

1,250 

0.13 

0.5e 

785 

im 

14 

0.54 

0.02 


ijm 

0.4E 

0.04 

015 

lp210 

Id 

0.5£t 

0,00 

l,2ll5 

3plfl0 

0,S4 

O.CS 

1,105 

L,405 

IS 

0.03 

1.07 

1.535 

2.5dO 

0.54 


1,320 

1,020 

20 

D.Otl 

1.22 

I.7H5 

3,325 

0.57 

0.^ 

1,545 

2p205 

24 

0.74 

1.3d 

2.3^.5 

4,^100 

0.1)3 

0.02 

2,015 

2.075 


S PiioKl^ bipe An AflA HjwfintfciM ,A51.&^lB5a, lEid cmI Art AB,i gE>«iGnkkHi# 

A3L*-lflK. 


Jobts in Ca$t-irdn Pipe, Bttmst juiuts upwi in itkrit-iron pijie? HhciH ci Iei Ftp. 

Tbe iwtdf bc-ll-nnri^p^Rdt imtkof it to ky nwl imn ardtind i slniif- ibt- 

iLno* uf cdnset'iitive ImEtlLH pipm lin'd not in aliRamirnt id jM^nml ikm niakiiiK of 
utufakcldiy- joant'. FlatiiRi^ joints rto nuidt- iiy pkoinp a pflsket of rubber, 

Imd, M othvf ninl^idii] wn?ti tfid |lfinRt»ii and (Jrasr-iiiK up tiphlly on Ihi? boll^i, or hy thi* 
iw of compunimi ftangi*#. K^piin^on joiritif am not cotntiwjnl.v uitftl on buriiHl ciutt-injii 
[flpc, but if ihf jpipe is I'spow'd, itf on n Itiiip irtsllii, il »oy lit nc^^warv tc proviilf fur 
cxpannon. ^ itM* forni laf wspaJiflioTi jniut ie sibowii in !■ ip. 21)0.. 

Fittbps or SpecbJs bt CAat-lroa PipO- Fittinjije far rujitdnon watff pifiCp with iwlb 
fmd-«pipot uudfi, bfiV0 151*00 atniitlaniijLod, J^lnridiirvl sporiivi-i that arc availal^k indudi^ 
tffw; crowoFi; bciid.H of IKFp 4a ^ 11 \ ntid branches; nHiiin^irs; ptnoviw; 

mpp; plup}i; bfirtHH for ttw or rro<w*?^; sutd tiffwts. Mt>nt of thor^‘ spi-tdnU sire riwt. w itli 
ttU duiU w with cither oeii^ or moro spiijot enilA or ont* or mort! iknpe cock- Then* 
are Iwo Htandards for IhiTipi^ pipe and finioKs. Ujw; in ihf nwinnfai tureni* ptandfH-fi 
or 0 tniichml fittidpH for waler, in which l\wn- an* sonu- varifttioria Iw-t wi^-n luannfnelurnni. 
The ollior k Uio Ataonmn rtmisehirdp iMlopt**^ hy the As^ME. AmerirnTi SUndarii 
lilllnp bnvc sikortef fudii thao ^landcird flaEiKini fittings for wabT. ibnie arc 

Mfiown in Fig, 

Steel Fipo, Steel pijMs are fabrirDted of iuiiied wilb Ima^vrrN? and longiiudiiial 
jmntis or Ilf AjHmlty rivclei! platf** and inniioreraR jobljsi. SpLruUy rivctf*il pijie tan W 
niatk to aii,v iMrt'd Icupdi Lrfd.wwtn tnnkPvcriM' ]nitit«. In I he eoniman typp of steel 
p\pL\ With tranaverfe ami longHudiEknl jointsL nllenialc ringK liilTer in Hllairu>ter by the 
thieknctiA of the plativ tfukl altcmatc ringn. ehp im-jile the lurgnMiiEirni^ler riii|p. Tlie 
tmtidFVerw joinlji niay 1 h* Hingle-lap rivi^tcil and calked. Transverse joints are made atso 
bv forming the pipe rtliKhlly i^ogml iEi rifuipt- and i»lipphig Elite CEirl Eif one ifone into the 
la tKcr end of the olhcPp or liy niJikinK ringik of I he riknie Jiameter skot! f firming u butt- 
riveted joint with Itkc ouleide rover pklr. lajriHitUflinal ioinla an* mtnh^ by riveting or 
wi.^kling or in" Ihe itw' of a lock ffcar. 

Specifidutionsi for various foirtw td steel pipi? bivc kea tiubUshnl from iina* lo lime 
by Iho AmeHean Water Works AtwOfMatbn,» sSeHunU-w tubing or mill pipe is made in 

ffirt Jtme. Am. U^tLitw ft'or*- J^nukry, Amrl, ItMSi JkiatarsF, Marrh. aaeI A 4 Aurt. IftM; 

■nd llcUlliiv. lEk&ti. 






















lo-rio 


W^TElt SirPPLV ASn TREATMEX r 



Sl^ndord CiMin-gt 


't—=1^'' 


fr y ei 

n Iff* ff*! 

6x6x4 



^6XSx4^ ^ 


Bcll.,spiqai 

and bell 
lee (O’S-B) 


Bel! and 

be^dteas) 


^Sk^x4 
BelU jpigof.bell^ and 
b^U ciaiilB-S-B-aS 


BeM, fplgot 
□nd bell Y- 

bicfich (BS-BO 


U" 


6x4 


BtKI and ipigol 
reductr KB-'S) 
end bell) 


B«ii, bell and 
rtange ice 
(B-S-Fl 


Special lillingi 
^6* 


<1^ 


6xSx4 
Qtllj fignge 
nad flange 
tide oulfel 
ell ta-F-F) 


6^x6:a4 
Belil!, flange^ Mange 
and bell araES 
la-F-F^S) 


6x.6yi4 

B«|l,9p|gal 
Qbd llgnge 
Y-broncb 
(B-S-F) 


6x4 

BtN and llQnge 
reducer te-F I 
ilar^t tnd biM) 



Elba* 




Reducing 

elbow 



C, 

T 

45* elbflw 


d 


EccenitEC 

reducer 


f* 5 ♦- 



Long radius 
elbow 


'4- 


iJ 


Tee 


h4«*-4H 


1. - 



Cron 



c 

Vuk Ji/MU Ei^Ekl atiiUK^ UMcl IWI rB*Ulnoii n. nioHlie^EUrMil liHiiln. ft. «i4nndjirrl uml 

»|km-lnl nlliiqp, r, rLiiirfinUi itrnnrlnrrl ||fiik)E<*«l littiii^, 
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TU'FJ^ ANI> MATEBlALS 

nm from H U> 24 Ui. Tlili-knt^, nrriKhtA, itnfl varkln^ finwiin** fnr saiti* dm of pipfl 
aitf j-twiwn in Tn'ijfi? 21. 


Table 21. Data ox i?iiAi.i-DtAMEiER Btkkl (Tpe ^ 




Wnrkifu 

inlrflku 

1 emwiip. 

Phl3 


JMlEVLUiff nriW nlrfltkl 
kind in CMiCiM- in 

ItMilb t 

KocaLaAl 
diani. kb. 

WVWiL 
II. tifrit 

r.AkfHiiit 

tifl'Mkire. 

,V!t mter 

t&fl mVrf 

VbltJFW f* r«r 
i^r - i.dlP r#i 

.1 - ocr 

jE ^ i i f b r 
.S/ - I2..m 

r«* 

No 

triv4« 

Wilb 

Irui^k 

Nli 

trwii 

W"4!> 

truT-t 

0 

B 

1M 

l!f 

If 

m 

'J4 

24 

tlD 

ID.WI 

21 lA 
lA.li3 
37.fiS 

Sy.GTT 
+7rtA 
1:^5 41^ * 

TIfl 

Uil 

ffCl 

370 

2«> 

240 

2IK) 

Aa>; 

3IOt 

LAIO 

fl50 

330 

BKi 

1211 

(HI 

in 

2,1 

nw^ 

■£M3* 

ij 

out 
aca 
y.flik 
□ (» 
021 
U2fi 
U4f 
U.I4 * 
0.33 T 

OUJ 

002 

Odfk 

OU 

0.21 

D.fl ' 

Q33 

OTlp 

02* T 

(J.fO ^ 

OU! 

D.U2 

005 

0 10 
0.10 
0.30 
□ 40 

""U 

OJ23T 

0,40 T 

0.01 

002 

0.07 

0 12 
0.2* 
0.47 
050 

0 83 
QL2J^ 
0 4»^ 

1.70U 

L3B0 

1.480 

1.4I0 

1.370 

\.tm 

I.IM 

5,1007 

46 

47 

4y 

SA 

50 

12 

H 

M 

dv? 

717 


t A 4 aikhd Im U-ieiv fer ►imI Pljw. 4 ™. FTiiifr p. a|. 

»Will thkLiiiitf fijT Iin piiM ka Iii» OilKfl In. cEi<*rt *i botM, Tip— niAdc wuh etfht 44- 


Itmnt -nkU thL-ckmn. la|» ttf <L3 in. . . ■ . _ 

* Pi|W J» full at WATW*. IqmI 1 * Ip plti* iPPPnrt JA iJKbWTi in 5 W. « 1 U*. 


*-*a'“* (f) 

whnn> - |q«|ii«il Hddta ntlW, pti 

i* ^ kiAAk Md#ll<i rwcibii. Lb 

Sf: H pip« pmlhiip, Ln. 

I — |iiH mLL thLclinfcM, in. 
i * toS - - 901 , . ^ ,. 

A * dtrnrvrm in c«itz»l uiieh* BJnh^il^ bj? 

* I - dliiiui«v ftiMtt wiii4ir tp «nlcf irf ^*441™, fL iii4 - 

* Wnll thirLnw nib in. 

* Wilt tlikrirnw aj^'A in. 


firiil K itPT*». I^i 



SaOd/t 


Ftn. 30. Sarltll# pSftf *Llpp<4rt. 


Coccretfl Pipe. Tbf of conoirte pi|je 
uiidrr ttutxienilr hiti^meil im^j^ur™ Jji pe4i- 
lined pritii'ipiiLll>' in pipt-a lufKi^r than nboiit 
12 in. in illDiiiirUT. piiie w mjmii- 

fapturod in fhv* up ta ^ and lU ft in tJi* 
nmrter^ nnd It » wmilly rtiiifcwTTtl, Speisp 
i»*rUoi» thratii^ nml mnip joLnU iii nMi- 
iTTle pipe are dtuwii b Pin- 31. 

Water! inht»i«n U olititned in low-pri^e- 
Piiin* utmi^rote |Hjie liy pn^vitlinit J^ullieieiit 
ihii'klM'^ of igrjotl tHjjTd’rete ntnl leflgitlld- 
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WATElt KUPPLY AND TllEATilEVT 


uuJ mnfoTMinrnt ta »t h-iuit 0.25 ppmnt of tin. cfw»«cliimftl arm of ihr Yem¬ 
enite and by mJueinjtallowahlo unit iitnwi in ibc ,1*1-] an tliYinlemal prewun- jnrrtiiwn 
Fttr liirB^ltajnctcr pipn., a mLiiittiutn vrall thiettitw of 1 in. for raoli foot in tliami tYj' 
of pipe ia a muKh rutr to foilow in ijesign. Surf aw wasaeps may be appijnj to the 
nlicr it ifLau wtp msFUrp wfttertifihtxH'me, 

WatertL^litunM of hiiih-|ir«ttiW! ronen te pip., may tn- □btoinH by t>ie inwrlioo of n 
jhin Jleel cylinder in Die pipe walU either with or iritliout pr..atfi™iaj reinforcement.' 
fjghter-weight pipen may be used wlien the reinforwiiient w prwtreaM,! 1 »«,uik th^ 
mnncrvle I» kept under ™topr€!B!=i.)ri nl iiigher irtenml prwHjres limn when not ore- 

Deaien of Rekdorcod Concnete Kpo. HeiiifnrcinK ..ft.-.] h, ptttt;i..l in conoiete water 
pipe to reflis.1 lejwile ilue le bunrtjng pressun- nmJ fleiun?. The eanerrte laime* 

I he »mpre«iv.‘ pt resaei. in the pipe rubjeet to fleiun*. When buntln* picmure nlotw » 
con.»ider«f, the itren of nteel per fool nf pipe can be ronujulwi by the ejtpres^on 

A. = (pr//,)12 (535 

where p = internal prennure, pai 
r = judiuft of pipe, in. 
ft = pilownbk" sirftHB, pn 

TpVTjen ftrt? eoiutldaredr ihp tnomeutB qikI U^EUtiqnii duc^ to thp 

cauaing liending wtr njeuiated for critienl poinle by no ebatie ntutK™, Temaop due to 
mtermit pressure is aihW to thai due to itfmiihg. l^ngitnrlinal minfnrwincnt is ujatallv 
ns«l to du tribute cm. ks due to tempemlHTe H-ffeeti, mid . □ntrartion due to ret U ne, The 
total fi^ uf lnn*itudtnnl j^ieel plmml is ugunlly 0.25 to O.S percent of lhecrofla^»|s‘tiohll1 
iHTa of iLr Iti ihf pipe. 

AsbertoMcment Pipe. .YBlwrlue-cem.'nt pipe i# cnniptw«l of nsltwioe fiber and port- 
land «fM-nt combtncfJ nnilcr pnrssu™ into a di™.. hoiiiogeneou.-. tnnterial in which a 

siTong bond .5 efTwtwl between Die wn^nt tin.. fiber. The pipe will withstand Irtjrst- 

mg prewiurcfl up lo 200 pn\. It will rewiat romndon. and it b u[iBiris'te.J bv eloelrotvsia 
I.Kbt in weight, easily cnL an.l liW, not eajiily bmken, and ran be joinod without ttie 
newl of grout skill. Xo puriffion joints utv 

Wood ^jM, W(sad pitH. is uwai where its nvallnbility aii.i coat trader it inure advah- 
LiKPoini thiin niF tal pi|)r, tJnder fnvonible eonditiuns, certain wootls. particuhirlv Cnli- 
fun.ni icdwxKKl. will Etn-i in,Infinitely. Maieriab n.<ed f,.r wood-slave pija. incln.le 
hemlock, spruce, yellow pin,-, Douglas lir, cyprws, nnd retlwraxi. The pii*. handa arc 
Tondc nf steei, uanally galvaiilied nr I'oatcd lo rwiat ru.st, and the .-mls on- held tewethrr 
m CMl-iron show. The exterior of ihe pi)«. nioy he easily alUiekctI bv onpmic acids nr 
plant growths, and it is subject to deleriomtion. particularly if altcnui'tdi- wet and drv. 
\^ocid pit* may he made of niachine4iandod lop or slaws, nr it may lield incether 
by metal bands placcl in the field, Marhincbaii.ic.<i pi^ i, availaidc in sin^ up to -is in 
in diameter an.J la said to b- wntertighl at 280 psi imerual jjrtwurc, Wood-sUivc pi™ 

IS .sjnatnictesl m vc^j- large diameter Imt it is masi fur lower presauivs than nuitbini- 

Corrosioiu Curmsion is an iinfmrtiiiit factor in the rleU.ri.jnilioiL of pipes and ulher 
strurluna, m waterworks, ftojut- h.v;Mitbrscs of th.> inuiHyi of cornxinn art: (1) Riuielalllc 
or galvanic acUwi, sucli a* r^ulls when two metals with disrimiiar clwfmivDr wlulion 
pressure arc mimenied in the Milulion of an chs irolvic. 1, is o,,.- of the most r^mirmo 
causes of m.-talhc corrosion, {2j Hydrogenation, in which melnllic ions mipatc into 
the surmuniirng water, the elcclrolytir balance Mng nmi„i,ii,s^ by hydrogen ions from 

ta - n- MS; 

hJjm WnIfT Wj)rk* p, 
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the water IxdiiK Jepoaaled tm the meiik]. (^3 Elwtrolyj^hip m wliSdi fK»itivi^ly chfur^l me¬ 
tallic iociw nrf earriiHl fmm the metd by a cohj+laiilly fliiwiisit (‘urretit. (4) Chi^j- 
raJ tfartiwip in wlueh the inf tell, whrai itiiEni-rT^-^l in an JM iih n-HEtH to pruvide tlleLn]lie 
atoiiui In n'phiei' hydrogeiii^ rflea.^Hl frein the ndJ. (5J Direet o^idatenn neruna when 
melaltip fjartieukriy when heated, nre esixjrtHl in air, ti5) Hinlfifpe wtioii- JauUale- 
redupni^ Irtteterui are the priiiri|:eat eait'x' of tudlr^p^ir enmipion of forrouis They 

tfiperatc in the d to nwt juilfate#, and with nriitunie pompcmnih* 

^ontAiiiine aulfur, in the mn\ to jjrtMluee hydrisKi'ii fulfule. Ttte Ixteteria do not Htbirk 
the metal dm^clly. The hjilri»j?en «qilhde c^Jtnliiin^t with iron to form eomfwundf of 
sulfur and iron, or St eombine« with iscnter to fonn jFiilfurtiU!^ ur tfulfurie acid whirh reaett* 
with the melal, to fe3«tfe hydroKiJi whieh iP aigdn itk the baeteriaE metnEx^iym. 

Irfin-eoiiiniin-iaij^; Ijorteria reinave hoti that iw in Miintinn iti the water, deppcndinfl on 
eoticcntfiitioTia Moloble iron or man eaiii|H>UEnlf nf 2 hpni^ or greater, to ^^JpparE their 
artiviliei. The eonrtumed Imn hi de^xn^itetl by the bneteria am ferric h^tlfOKidep forming a 
dieatli er tubemiie, uroutid n oentral eer\% whieh may rrmlaiii a jtfuiJt jiwirEntage of 
milride of iron. The Lffeet k known a-< 'Hubercuhition-" 

Corrosion ran lie n^hmli'd fjy tathodir proleclioiip enre in mitnoiarturf^, applic^tian of 
ecHitinKf linings, roniful of the cnvironmenl of the metal, and trealtnent of the water. 
Cotttinip* and [\mn^ u-W for the prolwlion of iron and nteel purfare^ innltiiie tar or 
a,pphaltk! tiukteriab, ^-nameb, refill#, larquersK *iine or galvatusing, miHallLzing,^ plaHtie^ 
and imints-* The suee™ nf a eoating depemk its tnueh on the pn^inimtinn of the surfaco, 
whether conrrete or meud, as on the mideiriid of the eooling.* 

Cathodit Protectiocn,^ CBivonte and eSei-truJyttr coiTosionp hyiirofpmatinn, and lo sonw 
extent haelerial eonwinn of tnehtU eiin be retiirded by cathodie proleellon, Cnthodie 
protection ia aecoiuplisheil Uy cotinccting the nselal Iti an elect lie eirruit ti> the negnlive 
polo of n d-e gervenitor,* the ptw^idve po\v being nniikeebd to onodr-w hnried in ibe ground 
or otiierwise strennided. The elrelncid poieijiiut of the metal u thtts nHlueixl l»?tnw tEmt 
of the surroiinillugRp and idi^ lrir eurrenla will tlaw from the surrouiKlinp lo the metal 
Tile unier of nmgrtitude of elia-lrie nirrt^nt for eaeh ^tiam? foot oi iron surface * rtvoge# 
frotkiO.S to mti-^ The vohngi'# de|)end mi the n™tnta'e of the dreuit YalI shoiihi be 
expcetcxl 14> rangt’ between 1.5 and 50 volbri 


APPIFRTEWANCES 

Head Losses Due to Flow. Head lojiswa due to flow' tluoiigh appurlenaneiiS: are s^howm 
in Table 22 

Valrtfl- tSate valvi*fl atv mom widely usetl (ban any other appurteiifUice ou wnttr- 
dUtiibutiim syslems. The eutManding advantage of jtaU? vidvea is tlml they offer little 
n^sLanee lo flow w iieu tlie valve b wdde o|>enp aw indieatwi in Table 22. Crora seetione 
ihroLigh two gitte valvets sire shown in h1g. 52, 

chrek vaK‘es an' list'd to j>tnnit I he flow nf water in otw? direct iou only. Four types 
are shown in Fig. il5- 

Aii uir-inlet or air-relief viilve, wiieh as is shown in FSg. 34, b used lo admit air into a 
pipe to pnfveiil the ervation of n iKirlSiil vacuuiiir nr to retciuie air from a pip& to previ'irt 
ihfl Ereation of an nir lock, or fat otlwr punwse. 


1 S« mlmu n'aitF Wmkm Knt.. JlsSy. laSa. P- Wt. * 

alsu liji¥UiL J R- Jlput. Amr Utilir H HirU AtMKT., p- ^ 

W'na.VAOL, Mfig. M^y 2. IW-fl; 6iTE»i w. th, j*¥r. Am, ll'afir amkt Aiumt,, 

£h ^h. nsLMrtJDd cjIuubU^ivIj Ln ^kut. Am. IFaliT U'ijntj mvb Ausiui. IliHJl, p. 4^51 

ItMO. pp- !M5. to: Nuv«nbrt sliih witli Oi rtftrfwicm 

* MiK> Khppuxx. H. a., Jmtf. Am. Il'aiyf g ■h^^rr. ^ 

■SfffelKk dauil. It. H.. Chrm. iSr^i. ADeff !□, liMS, 3|!W. 
f iSrt ScwiTKifatik. H-I ■^mtr. A ii. R Ot^ Wartf A**or-. Aliftrh IlHi, p, Mi. 

I ^ ^ maiiD.. o, u. w.j,r HVfc. -~t JllJr. Hi42. p. 2ii. 


10^54 


WATER SUPPLY AKh treatment 


TaIii,e 22. FThao IjfiSrt i> Valvi> 5, FjTft*<cyi, ahp ^KitvjrR * 


Valve, filliiiipt, rjf 


A' 


Vuivr, or pi|ie 




GalP vmls'iet: 


Open . . , 


o pen . ,.... 

1.15^ 

^ open ., ... 

5.fi^ 

^ hi open ., ...... . 

Globe valve^ fcjprn . , , _ . 

24* 

10’ 

Aii^ki valvo^ i>|)prt ., * 

1)0“ pll, short j^diuH .. 

5* 

0.9 

Mtviiujn tadiii^ 

OTS^ 

Loi]je rAcliii.s. 

0.(i* 

Kelurii benii 

2 o 1 

4o'‘p0 .. 

0 12 * 

22H*pSI {ISiiiJ... . 

0.13^ 

T» . 

1.25 ^ 

Kcduc!pr (V at small t'O-l). . .. 
IncivaMir « 0.25rrt^ — i V'i ■ 

0.25* 

2ff-. 


BeUiuoutli redupPF . 

0,10* 

Hhear Rate, open hidfireji 

Sluice Rate in 12-in. unll ^Li- 

LSO* 

nuTgtil .... 

2.35* 

Paie^nR bm liche^a rtr op^^uinip'*. 
Stop-and^wiuilp valv«^: * 

0.03* 

HI ?< in. . 

0.0021 * 

NXfiin. 

o.wiao 

54 X III. . 

O.OCHH 

1 X i ill. 

n.oi3 


Intel. 

li-in. It^d. . 

l-in. Imi|.. 

oppptT . . 

Uio. e^ppr 

S^lvaPilcMl irtjti ■ 

H-iii. ^vanis^l imn ■ 

l-iR. jj^UmiiKixJ injii •.. 

Gorporalion 

^Vin. 'nitli tuJ]pv£NM: for Icftd. 

with ?!^4n, cuppyr atlaphT. 
^"f"- mpporftdrtpler. 


M'in- willi tuilp'ti'M^ for IciftuI 
^ l-ilJ. with T-ifl. ri^ppiTaiJjipter 
Oirb Klowf: 

%-in. Wd iiervin?.... 

3^4nr o.i-piM.^r Ttcfvirf . 

Mn, to:iEl servin'... 

I-in P cK 3 | 3 pi»r .‘tervin-. . 

Yokea: 


OODCKi^ 

0.0[)U3li 

o.Qoaasi 

omm 

Q.OIKII^ 

D.OOQSI^ 

ooaoum 

omm 

0.1)0127 
OIJ0077 
OvOOSJt 
0.0020 
0 1)02^1 


0pfXS2 

0.00^2 

0-001 

0.00050 


ramVlKim (rew ). 
niuVhufi) (nlnJl 
^jji. ilrai^ht^lini.^. .... 
If-Lii. ratn'^-hcim. 


0.0035 
0.0135 
0.001 Of; 
0.0029 


I C(Miipui«el froen $jf|iEiMinnN 


- or if - iiyt/(f*t 

H |iip« % 3 ^m remind diuiifUflr i« thv \ 


wh#rw if ■ htmA Ion. h 

P - vuilorltV^ fl |ht «« 

•lwi* nlfi Ilk# iJihll 
0 flow. Ktm. iw A uitw *iiuMi rlinrikrtiTr k> rf in, 

K uul. ik ■ itiJumit In th* tabla 

1 Bctmii and M^-llwswnA. Werkm and «rtf^utfr. .Mar. P. IWV. 

♦CoftlUfmMTs 

i f takwi JmMF. Widtr Wneks AM.. Mmy, Jb 37 . p. iUL 

! hi Irtpm itw per foot (]l iMntLli nt itlErt. 

* PTiiMjtiiHUy avw |i|.t.^. 

r rjiir. Il'kvufuiH fftfefl. 252. 

* €=Fmu Cv. ffhfJ. W35. 

■ t'hii., Tcm# iTiili!, 2712. 

V'alam Off *, 

* B-e' aPH- and Mc[3«KHkj,u j uuf , iii 37 . p. iwl- 


Qr m tluil of ihm fittiita 


III A hutHncfcl vnlvc Ihc l|[ivrHrJ nliil [lnw|,«;AnI ]^irr;.|<un« HKuinKt thp VAlVf' ili^k. fn- 
ifr'thcr vrith Ihi- wi>ifihi of tlu> mwiriK |MrtB, niv halnnofl m ihiil ewtv frii-l.uin muKi In* 
ovFwimi- ill miiviiiR lit,* vnlvp pan*, ’flj.- pHlIpipIp uf i\w Imtanmi vnivr iB illii.t.n«UB| 
in Fij{. 33. Ttibi priiiripin ui wiciply itiai in Vaivi-rDpIrnI lipvjia.*, 

Pwwinf-fplipf and pn«min-n;KtilatiriK valvra wrvp ihp iMitjHiM* irklirntn) bj- thpir 

holnni. fWtioTHi ihnnjEh pTWMJn-n'jpjIfttiim valvw am in Fig, 35 , Flnii^ 

MhtMIcd valvM UK tt-iil tij iiiiurtil the nraUr 1 p«.| in a lank or nwirvoir, or otlipr can- 
Uiwr. .\ibhI 1 i. viiIv«« an.. Li»d to Pohtml iJip flow from rrpprvoi™ or thpoiigh danu, 
awl III tiiR pIobc adjuftmciit of llw mU' of How in tiiophanirtil rontnii .I.-viei.i., niripp »laiisi. 
iiioTi.|iiPiit of the mwlmniiiTu u mr(uirwl to pffeor n iptativtfly aniail rlmiiip. in the mu* 
of flow, PTiiall omnHi. valvi. If rhnwn ill Fig. Sit. (I nmwl-ki-y valvis., M etiowii in Fig 
p, nrr oa«| lo Htop or irtari flow fully with only a onLH,i»rtpr (DO") turn of thP vatvp or. 
in muitipli^port valvw, to lUrn*! How from onP riianticl to anntlior. Thi-ir um< in wn- 
5 nHl prthrtpaillv to unmW meclmnisnuEF 
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FiGl Stll. f’pTit*' vidvw- a. uwnrihinj PtGtn. Wi'tkiiii ft. iiirtiriainjt fstH'riwi vinftv r, 

l«|.fnk. flertiGn. 



F»tii r^fVI ^ 

s/YAr /vffffrtv af fhrp^fif 





Em Vtrlieal 



CoAlpalltil daiing 


PiH. vuw^u vfctvf^. 




















































WATfilt ttUPPU' AKI) TllEATljENT 



Fl«. 34, Air.iidi 4 >f (iiiMpttx Kafiw and itrUr CsJ 





t m. ^ Pri^ur^iktih^il™. 01W I^Wt4 xSrp^pfmW, m\K p. 

jvilflt-KiritrnlU^ vTih-t wiih hdlciw^pb<ian mdn v^xt- iU NekIS*^ 

vmh'v^ ‘holluttf tjistnn, nuiiu yw^vx ftftd seat. (6) atem"ffuirii£- 

mJurinn;, tikvt->oQDtmllH| val-te milk ikiH’tO^^-^pero.Tiid imvitt veJve'^ (15 Vwrfto (oi liiint 

rontrol vUvr. (3) pUtou. C4» «nai.. vdva 
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Fjg. nwcll^ tbJ Vc. 


Fin. 37. Gttmfid-lwy vbIvp. 


Mud vnlvesf thu lypr ehowa in Fii?. aSp ^ iwed Lo reEnuve mud or idudg? frdm iKe 
boLlOtn nf H. haudn. 

EuU:*fl cuti himiijLr i€ p&ti' vul™ bui nm ta rm^t presiiun:^ m aid-t 

of tho gQlp. Tbcy- nn^ UBal piinri|jail!y im fkipu's or dutitnLdrt li^avliiE ressrvosrf^ dutm, or 
jsimibir atnirLilrua. 



PwfvmoAfe irpflz# 

Bforrw ssaf md dtt^i 
Ofitf^inq-Twk^ por* 

ffrftff 

Ho pb^tfucHon^ iff p^f 
PcsB/vt c/psi/jg 

qtififts 

Bafi swaf 


Sfvrfs d/ fP^igd 
Acfy^e f/u-oadsjcfbg ouf 



FlO. as. Mud VniWr ftbowinjf EHifthiKl of imrtnlIntinfPr ifu^il MatAiw Co.) 


Flffl Hydwts. i^lniiikrd FfK^dfiteitioQS for hydmnL»+ mL'IudiiiE iJp<wifi«itioiwi for 
ftnvhqiw i-oupkiikE miTirv ihrwwJen* bihI for tliP ii-iiifortii iniurkinjit of \m bj dmntA * imw 
Aclnpti^l, friim tliin- to tlmr , by ihr .^nipm^an Wntct Works Associatii^fi- A FUtrul- 
nnl eompmodoii litr Jiydnmt ht shim ci in Pyr- Fin- hyJmnli nrp ununlly niiKip of 
CMt iron witli bnias littingM in wiiii tbir wetter or on moving part?. It Ip fre¬ 

quently liepirod thnl n goto valve \w plflt^t'd i>tt the toniwr lion to the diatiibulion Byatoni^ 
in addition to the isuiin valve on tfie hydrant. In higft-rlHh diPtrirtii the hydnint diniild 
have a pumper eofmoetinn in addition to the customary' hm^ oonnontiDti#. A dmin for 
eniptying the banrl of the hydrant when It ii i^hweii i* essential in a coM ellraate lo pre¬ 
vent freeslng of the water In the hydrant 


^ Jmtt. Am. Wtti^r Atira. IflST. 

Am. H'a(W IIW 4 r* 4 #*jr.. \K^ £i. 
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WATEK S11HJ*I,V ANU TKKATMKX-|' 




fucf 

p/tce 


Pia. M. A,„^™ Wark. «„d«x| hydrwl. 



5>tf/ 


//rte 




W^cfArr 
Bcfvtff 
SftJB tfit/ 

Ofiffra/f/tff 5/ffm 

cwjwA'nr 
Sf0om0r com0cf!ton 


8pMifir»tiD,iii i^lly rcHmrt' that when ih,. flrjw u Si50 iq»ni Uirouith Btwh how ouOet 

2 M. ‘'i' ™'‘ '’‘™' ’■’'5 P«; iiXw-way hv^nt 

““ ^ 3 J"!. when the™ nro inniile hime where 

thi^ muat i,nl pxered 2.7,1 p„ fw ih™e-w»y a„d 3.5 fur fwip-waj- hvdninU 

Thn‘iidti for hfMt- fcM- fttt' hyJraiilii hjivn hti?u nliiiiEijinHErd iho .r+r ^ i t 

i” "*Wn« 7M limj. i„„h. ji(', 1 ^. 

r- ^ ■'■- -■ 

iftiii) u hyrirnni cnn, be npprQximfti^ by tbt< expctHoqt^ri " 


m 


Q * ^ 

where V ^ 

d * dii»iiiMer of ruixiln, m. 

P “ JPW? prcMUiE At huAi' poq 

AT - A iwitaiit for tJip hydrent, imiuilly in ilie otiier (,f 37 

- vei«.ty *„ 

(net« by obi»rviii(t the molmiip (lii,[ils.'.^J hv > irmyinii'^i ,jf iir?''ii " 

■he nunthPr nf d.ph.er...H nn nnU.umaUe 
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iHUMfing tbrtpiiisli A velocit>* tci- id pnMiwrl of ihv cfWMeclioiinl anw of thn cliannn! 
Ilf flow lhmiM(h ihfi meter and the vckanty at flow lit tliiii io^'tkin. An inJeiEraUni? devW 
fcuttuiuiriu^ tin* firoJufi to (ihow- lbs total fliw t)ircm 4 ^ tlM‘ A mutaiioifHlink 

meler, aurh m b tihawn in Fir, 40, \a ibn lyiv- mwt ropmiioiiiy ua-d on domisrtis enrviei^ 
nitinrtitiona. The vefiluri'tubo velcirily nseter^ iti Swtinri 4, h for tlie 

tnimeurritif^nt of Iwne flowi*, nit in it pumpinif station, fhitii nn mtitW wafer mete™ are 



itfieu7/e we- 

/ffSf 




5>ff/ fcrffM 

Aajt cop 
Ce^t^ptfssiPft 

PfA/o/f 8 

frijerrf 

(fMon 

SfKf^fir 

D^SC 

C^Qfff&^r 

Copp^C JCrretfff 

PifPP&r 

Casiiwff pgffom 
ppfif 


i/DP tpi/idfo 


Hof^ fiidppf 


Fm^ 40. XtltalinpulhJc meter, Afrf«- f/e.J 


diown in Tai>le 23, The tii>iii] i«>iwt«i t hrfniRb «ieh pneti*™ an' not tooxeoed 16 pdi for t-in. 
and fimulW meterp, iwmI 20 fnr inriti'r nielerw, Sucb tm Ur^ mddoni 2 in. in 

[tide. The dii-rt of midi^o* ut»\ of wtviw ore eWdy fekltd. 


Tahi.k 23- Ki:cfiMMK?tni!ii> Wiker or S^jrmvirE 


Chv^ 
of 1 

bkLildir4|t 1 

! 

I^-niflh t^F rti^rvtf^ pi] 

main to tneler, ft 


8i3tt^ i£3'f pLpe^ itL 


100 ; 

ao 

23 

10 

A 1 

n 1 

(‘ 
fj 

~th ' 

1 \H 

2 

2 

• t 

\h 

2 

1 

Ifi 

IH 

U3 

H 

1 


t-Fravn HjibtaiTT If. K.. ^'JtucabJiidl."' ^ eJ-, MrQAW^IIilL Book t^niiAiiy. fjsr.. Nrw Va^b, 11XV>. 
r44tieoi*d ut fi li«d lu» twni nuiiii l» mi^. . ^ . 

A Ah tardliiMfy^ iin^lBHlHriailjF difftlipa. 2 O* 2 hf liihfiw Ami set iMKjrii ili*<i 0 le 10 OMMiki, tsuuiqiftei# 

t Utiiiwon., W bni:li*li tlJink. Lutnd^y 0»jw. Mol » . .* i . . 

JSI. A 2-f(Hs0r boUK of boc^r ibBUuii. Pi koeoi |0 2 tiAtafugfifh, ^ kil^lirh BiEikA, 

imiiiidty timjnp, lilid ww Bhiirh bciM. b ti ..j. ,. i ._ 

r A I'KEHTtinnil biiildmc. HfwrtHimU tiet snun' Ihon B OtatiH BKrb. illiOdiiiff nnlaliM 4 liftHqnaihihiM. 
4 kLtebmh muhM. 4 miM ot Liundir tni^n, ,hod «bp 1^. ^ , 

J& A br^ «imrtinrnt biildana oaRtlllhinii cot hmtr Oilti ^ *tHirlhl*^t" itllJi Hbifiil 100 raann; lE^tli 
loll nitui|ma«ftt Pf I IhtJiommo ihi 4 I kit-^lrf^s. Imtndrj inky* lot op^h i|»rinK*ni. und ^ ij.j... fm^n^^tkinwi. 


































































10^0 WATER Brppur AND TREATMEiiT 

&r*i» Pi^s A KTvi» pip? is » pipe leeJi,,^ ^ w»t<-r nwiii tn • Imildihr ar 
irther pmnt At whi^k •• b ™pp]ie,l wiih w«..r. Smri^ pipe, «„ co„r«lE,J (« 

tiiD WAlffr mtiiflii ^rci^l, llj^ibk ennrHHftiow, (!■■> moot r.Huimn type of ,rhieh i, the 
ku.i RnwccMwk. TTie ftcwhle «hh«tioii is of th.. movement bet»r«h 

eitte of iwmee pipes an* sliown in Tnbk- 23, nwMi« 

A dwiwbfc jtorviee coimeetkm leads iliiwtly. «uid for not more Umb about SO ft from 
tli« anler miUh U, out i-mwium-r ooiy. One luiifninible nmi four neeeptnbte ronn«limII 


- €1 

W I 




(f) 






[fa) 



JiV ' ii -. t " i ,:; 3 :,.','wTrste •< <■ -■*■- 1 -.. <.». f. j. 

M.PI for pip„ w,d. ^ 

Distiibutloa RMofvoirg. f{e«rvc^ an* umsU oti n .listributioh si-Btem |o rtom water 
<i|uhl|2G llows, mid to pqualite DT to control ppeA<uruH. Two or moie imrpoBca mwv 

L '"" '* 

.»sc S;" “mSc '” 

, „ /? - ff‘ - P)T 

where II - ii’iirrve storufSe 

P - reserve fire pumjiiit^ enritiHty 
f “ flrti rjhmfinfl 
T • ^luniHoii uf Hn^ 

ITniUi jtTtf in ^Wnm atiij mihti(pD. 

Mrl)„iiiild**‘ emrdri™l formula for rreGrvoir caiuinty is 

P 


(fiS) 


whi^n- R 


S = mp^-ity of puinpii^ ni^il 

0 ami i, - P-rt- .rf domrslie demand „^uiti,I for fednfteiii,t mui oU-mmk 

r,.,i , f '^^i'wtivciy. o In the order of tj. ana f, ^ 

McIXm^lD. R. o, /«,. Am. IF^e- IV«rt, iy^r_ ^ gjy 





















MAlSTEN'AXCi OK DlSTlll BUTIOS HYSTEMS 10-4} 1 

»f itit ■Ifmiiiul. £$urh * twrrvoir nmv be cuiiwjcl*! by Jt ^inglr pipe to *iiMtribiition 
99-titem. When *Hter (an finw inlo or frntn the iwrvtiir throiiRh I hi* pipe, at dilTirrent 
tiipiw. tilt pcaepvrrtr La naid to btr flcMllnR on ihe lim*. 

TIm- iminieito capacity of an niualitine rpacn'dr can be iletonnniMl m rpllowH: l«t I he 
line AM'If. in Fig. 12 nfpiwenl the iiy<ipri(tmph of aiitieipaU'd »'hlM iwiBetn^ 



fio. 41 .*. CfnphiFAj t|«ernii)Mition of diualtitnc rwon'oir ™t*a®it>’- 


.liAtriet seo-ed bv the eqtialirini! «eervoir. Constmel n Alraight Itoriion^ line, each 
m »■»', Hueb tjiai tb.* Ahaikd nn.ar 1 0 [*lI I ll an* e(|ii«i to jliiidNHJ Area II. Tin.* requisite 
Virlunie or the cqualiiinj? h**ervaif is (fiiiat to the prwluct of the ratio of the rhadtHi 
area II to the total area ntidfr the line HH' to Hk- Iwh; line the figure, anU tlu* total 
amount water aaed during the ta‘ri*wl rtTventl hy the hyrirogfiiph. 

MAINTEKAMCE OF DISTRIBUTIOK SYSTEMS 
RKordA. Adequate rwoniff of the Iwalios of pptw and appiirlenuncci. nre neciled. 
Types of nmpe u.-mhI incMci a cfMn|ireln*neive nuip of the entire ayatem; a InrKt-acaV 
nmp rfiowiiig detoilA; and platt and fards providing itifurimHion «n valve-, hviiruiito, 
ami other appurtenaneea, A monthly report w rerord ihouhi meludo; (1) the length 
and *is<» of pipes laid and retired Juring Um Jnonlh and the total unlengE* of each rt*r 
Inicl to rbito; (2) the nutuber of e.-uh sue- of valvw: (3) the number, sire, and types of 
fin* hvdiiiuto; and {4)1 be numlwr, sIh*, and lengih.* of rervicew. 

uti Disinfecting Mains. I’ijiee are eleannJ by pa«<inK a M-mping macluue 
thniuKh them or by the of a hall roven«i with a chain imali. or by the urn* of 

ebemirala, afid in «tla>r ways. Much dmnage can iwult front improper use of some 
method* For eaaiwph*. pipe coatings nmy be broken, thu* nreeltTattiiB corranioti, ami 
rhloriruilcd hytIratitrlwnA in donuatic water supplie* may prmigee taste* and odor* 
niainfia'lion of new and of eontjiminaled mainn i* tiwtential in gmal pntellet*. The 

following in a Jtatiofaeioiy piweilure: , . . ,. 

A oblorine gna-water mUlurr b applied at the beipiinmg of the |ii|telmL* ejctetwion. 
or any volvi*d reetion of it, at *ueli a rate lhat with a slow flow of water into the pipe 
the ehloritm ahnll not be lew tkim to 100 ppm. The treated water 1 * to remain 111 the 
pipe kt huat S hr nad prefcmbly loogir. At die end of the |x‘riod the chlorine residual 
i« not to be less than 5 ppm. Fdlrwing ehloriiiatiun the pi|w i* tliorouglily fliiehisl, 
toated, and if nemwarv, rechlwinaled until a mlJjifactory haclcHologieal tost is obtained. 
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WATCH gUrPLY AN)> THCATMEKT 

Fiadiag Bnned Ptpei t&i Le*ki. Bnrini pipe (n»y brnini by u*ii,K On- iiifH' ok ci 
pnft of R cIowkI ^iK-lrir circuit in iiuih n manijec iJwt tJtt- iiuiKiiplir tVld Kyirouiidth* Un* 
pijjp will inrrpiuw ihc ntuRnimtlc df the mund ifi llw rarplintHW m the jiipr ipprAnrlmJ, 
ntid will fall iilocit when the utwcrvi-r in ilirpctly nver th^^ pipe. In Arnttber t v|x< lUi Dcriai 
pirkji np the nuiKiictir ficUl itidun<il in (he pipe by n nidia iratipniiner or h^.* prrvicuM 
etHtotirtn. An i-ln-lrir iUp (xiinL» to the pipt. 

Mctitodi. fcir liw liK!tttlnn of Irak# in iimlcrKmund pipe* nnii in pip^ 

iriduili.; (1) dimt ohwrvntiiHi* {2> the «iuiidin|; rod. (3) the liydmulir imidp linu, 
(-1) water iiBmnvr, ($) blowinx nir into tlic pijic, m pulUnR dyn nr snlt inlo ihi* wntt-r, 
(n •ludyiiiK tlH' qunlity (chAnRc of «n)iiHly) of thi> wnP'r in n Bubjiwnf^l ooi tkiii irifA-, 
W iTti'i^uHnK Ihe wlujttr of wnli'r n^uired Ici hfl tin- pi|M-, nnd fO) lictmiiiiK cith.-r di* 
r^ily for the inHir>d or with the aiii of » mwnNttpp or an cltTlrical waind naiplificr. 
t4.t<h iiiKfaod » hcHt AuiliHl Id Ikirtirulor cdiidiiioDn. Xiim- in luiiveomtiv npfilindpli- or 
infalUhhv The MitiwIihK rod » n pmiitcil Hlinft which in thruci into tin- UMiuorl in 

ll»e *uf.jAW-d ni-iKh}K.thood of the leak, if tlie jshofl t* withdrawn w,>i or mtnidv, Ihc 
link w bctii 4 ( rollowxil, LiMiininK tlevii:iii Are diiiikr tp n telt-phiMw- n>ociYi‘f that in 
phovd in ruiiUict with the pipit. i\n uim-cuw in the tniitncity of ihc counij of tin' leak 
mifiratee tlmt it ie hciiiK appriKidieil. l^irnrluniitely the nuiffnitudc of tlie nuumi of a 
leak iwnm ftu iviniioit to Ihr ma«nitufif of lb‘ liafc and larnc lossw nun- weiif without 
i-autniiK a di>lii lab1.> MunJ. The dirtniiiv front a nnick^loeliitf valw to n Ittdt ran he 
iMemiitieil by pWrvinii tlic lime for tlie prcsnir^’ wave, by water hamoirr when 

the valvi< Kitikk^nly nhui, to travel from the vnUr to Iho leak atid Imrk »ipiin In ||,e 
valve. From lb- obwrvinl rime and the veliwity of the prtsiurci wave in wau-r hammer 
mail'd in geelum i, tlw dbtamtr to the Irak e»ii hr rnm|HJted, If ihe ph-wom. in n 
iHprline tttv otwirviii ubjve ami la'lf.w a leak, ihr liydraujic grade Ilhiw drawn lliromrii 
Ihe nbferviil poMciireti will iotenns-t .,ii llif pipe tirolile over lb* Inik. Compnv«^I air 
or .•Olonitg nmtliT |mt into n leaking pipe wilt at.pi.ar in cnmHinditig water niatr the 
n\ IfTiknijr. 

Frao^g and Thawing of Water in Pipes. When waler b mritionl™. in a ,ma> Iho 

nitc raf iTiii f»' sjt 


h = Z.3(p/*) tog nv/T,> 


(57; 


wliere b » time for rbuigr in tempNature, hr 

7j = nriginal iliiretrni-e in letiiperalnre b'twren water and uir 
Tt = filial differencv in tem|H-mtitn> iH'iwtun waier and air 
f - nnuaiiil (vobrenv not rate of Howl of water, kg in I m of piiir 
k - JiMi of heal. kgi-at pi>r hr fora meler h'oglh of pipe and for the t Vin.,if it a- 

umv ffjr J "f? rrnre in rniipf-mturF 

Valuifi uf k vary fmiiudinni l).72for» lAairk incubtifl pipe m p.lWfor giKvl irumlni'in. 
l-reecmg may tN- ji^Ulmil In U-giii when tlw Irmperalun- mtschre OTT, nllliollgh cniter- 
tnxilini^ ut t).OI Ilk 0.1" rntnninn !>' tH-rufF. 


h - J'J 


rss) 


w\wTV T 


irriljwnit^y of nuEAisli^ iMaw toro, und ^ juid il; iltp eun in E 41 (57), 

Ire m mnlal p,pe» W b«t Ihaw.il b.v elrtlriciiy. Hr*, warm water, meam, linl nth«^ 
Mia^enta attMiNMlIy miawy and ure frrriuenlly dattgerouii. Tbi pmifAT lice cif alee, 
tneily tfl safe, faal, and econoiiilrat. The fAeiom involvwj c>aii b* fonnulaterl i 


na: 


(Oilj 


a - r-Ht 


the treatment w water 


10 ii3 


wlfcfW H “ hmt, 

/ — purn«fil. &mp 
H - ^w^^fltnJlPt3^ ijrbnw 

i ^ litiM* rurTT-iil u llowirtu, h't , ^ n 

Till* ttintnint iRat tiip li-nfliicnitufr b rabptl licpetiii* Usp ttifreut / iifirf the rwiMoiite ^ 
nf thd pipe prt tmit «f : 4 -UKlh. A eurwnl <rf lOO -mp will li«t l,m fl Inn. pipr ah 
rupWly A* it will hmt 10 fi. I«t it will l«t tipiw the voliiMJf' tfl do m. 


the treatment of water 

OmlitT. The wkiwpfeArl volunturj- tiilnplion of I he etjuitLirtte of the UA I*LLblic 
Ileallb 8«m« for the “Quolity of Witer In Jnterrtal* CAirirre" » w,j^»rbtio„ of the 
Kwwntl dwiti- fw some fonu of neeeplblile yiutihitli k of water quality. The follmitn* an- 

frutii Hoim' nf llim^ ^ ^ i ■ i + * - 

-n. Definitions nf lemis. A sUmlonJ imrlion of wnter for bney^lcwirtil t«t ,s 
■ioHlKtuited by oilhiT in ml or 100 ml. 'Hii. slai^nf snmpl.^ in the haelenok^^ («t 
noiv e«r.HiHt of five portieiis of either of the above a«™. If a sample eolli^_ted for hao- 
lerioldRiml eaanunatiou ie from a .IWofiaJted suppJy. the saniph. miwt fob’ll of nny 
.fiMiifwliim infill within 311 miu from the tinir of eolh-rlioii. , f™„ , 

Aa to Scnifee oulI I’roieirtioN. Ttie w ater Kupply slutil ts!‘ («) obtain^ from a 
sourre'fiw from pollution, w (6) obtained from a s(pur«- aiii-quately punBed by imlund 
BuenrifiH or fe> adiHiuatelv pnrtettlnl by artifU ml in-atmetit. ... 

^■The water m-sleu. in M its parte ahnil Ik- f^' f™"* "‘•■ibiO' Hefeeta. and 

health hawidfl elwU bf sv^temittically n-moverJ at a rate miwfartary to llie teporliiitE 

ajrenev and to IIk* iiulhority . i * i_e+.aj 

^^3/ A# l€i Bacteriuloj^ffll Qiudity. Tin* mmlmuni Eiumbrr of to 1* colk^ t<*fl 

fmia the distrihulion system and eKamim-d . . . le hased uiwn ^ ^ 

populelioi. mwwd. (H all the standard Ib-ml portions emiuin^ 

Za ten pert.-ol shidl shew the prtaan.ee of oqmmsms irf the eoliform ,puup tlf^l^ 
lOO-tnl pmtiniu esnmioed jwt mtmth nnt mow than t» perreut sliuil show the pwseneo 

of orfpallbni^ of thf {*OllifOITSI jO'OUp, j f II **,!*] 

"TV Iin.e«lijre aiwii iniim a Hlnndanl sample roniimsed of five standuni |Kiriioi.is 
pir^L for an ealinwlion nf the iimat pmhohle uutide-f nf eolifnriii leu-tefin presi-nt In 
the SHniple DS Bel forth in the fnllowinK lllhuliitiori: 


MI'N' or rtatriiRia maTtnva rrn llW mi. 


- 

-h 

Whwk fivp^ 
^MjrtiiiTfcK on- 

U hwi JlMlwiiil 

],xirlioEi?* on" 
<ixy.aTiint^i 

5 

u 

than 

itkrill 0 p22 

i 


22 

0.22 

•1 

3 

2 

%.\ 

051 

2 

SI 

t».2 

0.02 

1 

i-F 

A 

U}.0 

i.r« 

p 

0 


Moifi thiiTi 

Mfjn* tIuMi t t'iO 


■■> WPS mnnti hm* itfotJlilp mnnW. 


"Phvsit»l CliamMeristica. Tl«- turbidity shall not esi-eed 10 p^n (dtii* rale), imr 
eliall the rolor e.c^sl 30 (Mt smie). The water sfiall l^ve i.r>i*jerlioflable taste or 

(Klor. 


Am. H'arii ^CrFcIi. JIWH- |W SOI, 
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WATER BlTppLY AXt> TRKATltEST 


’‘Chi>iniea1 Clmnu^tt’rl^icfi. Tho prwerMM' of liwl in chmm of 1.0 ppjUj gf fluoriiie in 
oxhhmi of 1,5 ppm. Or Areertic in cAriv« of 0.05 pjirn, of Hlrtiium in £iceM of 0,03 pptn. of 
hi-MVAlent chromiiiffl in excess nf 0,05 ppm, jimll soflurimin ground Tm rejortioti of the 

supply, 

"SbU# of bArium, hPAAvalcht chromium, hi-Avy mcUi] gluco«id«, or ntlter eubalnni^ 
h itli dckjtsfiouB phjTiiologimI i-irwhi idmll nol be ttdilc^l to thE'i<) gtDm for wAtor-lreAlmcnt 
purpoHcs. 

The folInHing chcniiciil FiiltAUinen which may bt> pmsi'nt in bAliiml or irratnl water* 
ithrniid jirrfi-mlily nol OM ur in esce*s of tlip fnliowitiK raiiccntmllon* when nion* jtuiuible 
juppliw ofE ovAihibie in thi> jiulgmeiit of the «rtif>ing authority- Cu aluill not es(»eil 
3£ppni; Ko nnd Mn, 0.3 ppm; Mg, 123 pjim: 7.ti, 13 ppm; chbride, 250 ppm; inilphatf. 
25l> Kim. 

"Phenolic comiHnindi- ehemid not eM,’i-ed O.tXll t>pm in terin.H of phenol. 

"Total »li(bf Jdteuld bol eaeml 500 ppm fw n waIci- of good chemiftil quality. How¬ 
ever, if eui-h A water is not jivuilable a total wlhbi mntenl of 1,000 ppm nmv tm wr- 
mitted." ‘ 

Methods. Wntar nmy he trrated lo uttaUi the above etandairb and for other reovonx 
Common methoUa of trcnlment inelude: (1> atomRe, (2) phdn acilinietitalion, (3) aedi- 
mentatioii wjlb coagulation, (4) rapkl amid filtmtion, (5] alow annd filLmlion, (ej disin¬ 
fection, mid 17) procHsea for the removal tif iqKeilic aubetam-ua or ehametarwtia or for 
altering the quality of the water, such ua iron rumovul, taate and oifor fenioval nnd 


storage. The alnmge of water may be either iHriiehclal or detrimimta! to ita qnalitv 
iw n pubiie watar supply. The quality may be iinimiTiid bv the grow ih irf miemaegpic 
organwnw which produce tnetra, odors, and color. Ground waten and treated watar- 
storH in open rx-aertwa are mou. aiuwptihhi to auch srowtha than natural aurf'ice 
wata^ The quality of stored waters nmy be imtimvrd Guflugh acdimentalioo, the 
death of hnetena, the blimehing of color, and the bem fidal uffuct of mtirUtiem and -un- 

light. ^le dnngcr fmm algal growth* is w great that purifted wntew should be- stored 
m Iclfi dark. 

In targe and dwp lak^ the tempemture of wnter vsrirai alightjy betwwn the Hirfaro 
and the thermochne. The thermocline I- n atrutum of water in which ik- rfiffco-nce of 
tenipemture telwem top and lioiiom Ls marked, fklow the thenuoelim, i« the bottom 
of the twiy of water them la little diirrrvn..e in iemia-mture, Tlu- stored water in a dw-p 
atonige hflRn u autijwl to two .-asnsojial iumovera. the spring and the autumn. Jn the 
spnag the frown suifoce melts aod is WanoHi to about 4'C, .\t this temneniluir. the 
water r«mhe* Its nuL.imum demdty and daks, fi. tk- autumn tlie Ajrfais, water, 

r r . " l-ing rcplnetd by water, from m nn-r 

the bolloiu, Thcsi- turnover, nre effin-tivr in mLtiiig water in drs.‘p lnk«,. Other eondi- 
imt* cuiL^inp; iTU!3(mg ftff> ttnud ami rurreEhtEH. 




Microscopic oiganimw, with n f.-w evreptinTi.s, are ilriwodent on light ft 
Tl|e ronversioii of inonmnic sulwtanecs., sui-h as c«rl«m diosJde nn.i water, into organic 
suhstanec* s^jch as eellulnsr, nod starch, is k.H,wa as photoeynth.^ls. fiome a™i„. 
isms miuire nion- light nr n different teiiijwniiun' Ihiui oOiiii, far (heir metalKilism It. 
IS lo iK. earss-Kd. therefore, thal l,d,-r.,«nplc orgomsiiis will k found coM«,ntn,t«l lu 
^ast- strata where optimum cniidilioiis e.tist. Water .,f (he mr».i dwimtih- ciualitv can 
he dniwi! fram lhal straluu. wbirh routairui the b-wesi or the Icist lrouhh-«ime u'r™i,- 

StdimeataUon. I’biii st-aiuwntalion poiiswts in pnawing water slowlv through a 

u ^f-^ntatioo of »itl«ble particire. Conditions affecting tho 

reaulla of ledudeotatioD mclude; * 


THK treatment of WATEK 10-tirl 


The foroe of iprai^ty. 

Thp ftud ipwrilip (?nivily of nettling 
purtwle*. 

Ccw45u!tttion dr «f l\m in^ttlitig 

ptLrticlfitf. 

Tkc- depth j«id J*luvf«' ^ 


The pTf^nre of cdu v^pticm anil dlb^r eur- 

rr^ntfl. 

The uu^thcrij of optmtion of liw bamn^ 
I-Ikicirkal phenomciuL 
JljfitoiprSL] acUvitJefl^ 

\Tfi™iisy (tf’niperatiuv) of the 


Ju lieKipi lire jKritHi oT li^u-ijikiii iiisd tlic dinuTisiniis of the futsiii nre lnutcd <mi i-s- 
perichw nnii testa- Nt> farmulua or iiwthud.* Beiientlly ai^UcabW. Some 

of the folk»winj( litiiittttimia are n-'ttl in pnu:ti«: 

IVriod of dtlentinn fpetewD 4 *hd 12 hr, b&ger if pftwiblo. 

Veloeitj' nf Do*': an slow as powible, not to rjtceerf I ft per mlo. 

Death of fwu-iii: not. to e.KV^ Ifl ft, prefernhly about 10 ft. 

Iltttio of WutSth to width of llowinit-throtwh elmnoidt not lew tlum altoul 4 :1. 

Width af nowiftjftl'r'ttiith cluiiitHflt oot gmtti’t limn 10 ft. 

Other fOfwiiU'HHioiis inelmle: (I> t.he inlet wid outlet deviet^ whieh hiu,h 1 du-pt-w- 
L-urti'iitB KiunUv Ihe lat^in, (2) the coeet and roof. (3) p»eLi.ioii.i for rWntim- 

(41 slutiBf^oFW- enparity, and (5) piaviaon for eotilrolliiKE Ihr Dow ibrough the bimiiK 

The i^iod pf deUnlinn is equal to thu voluiw’ of llic basin divided by the vnlmwlne 
fHte of^w' throUKh the Iswin. The llowiiushrw|,h period is the time required far a 
dve or other inditator to through the laisii. l*he effioimry nf dwplawment i» the 
nilio (tnultipiM-d by I DO) of the flowinit-lhrouEh penod fa the peiiod of detention. 

harieicnei™ vary bet w'«ih S and 50. with lainie iM« high a^ 

HuriHinlal, enntiiiuaiw-flow iwttiiug haains are ii.»unily either rKlniigukr •« eireular 
in plan \ loug, narrow, tw Uiiiitul'ir Kisin w preferable fa nne an wide that erow eur- 
renfa will ilevelop Cirrular btatiiw anr limited, in pmetiee, fa dinmeteH) lew tlinn about 
300 ft and ate iwftially amaller. The luml per square fool of aurface urcii of a aeltliiiK 
Imsiii should tw betwwii 3U0 and 1,000 ipil per day for pwnulor mhd.*, BtXI to 2,000 far 
aninrphous. abwly M-liJiiiK solids, and 1,000 to 1,200 for il.wmJent mafanal The depth 
.if both nvlaneularund rireulw, huriifanfal.ftow barih# ansrs normally between 1(1 and 
30 fl^ with 10 to 15 ft miipl 


Tanli: 24, AtiHA>oeo is Oticitii or Thwh Ree^^tivk Kitoctiveness as 

CoAoniaA.vrs^ 





AluiiiiEiLiiL^ slJlfEltc^ 17 (wrtciU Ab,, . 

Fertiiujs 7H^J . ^ ^ _ ■ 

Cali^iini hydroxitk* (hydmEtti hnir*), CntnjD^. 

BArium hydraxidr', lMi>H I: -, -. 

Cjttldmii chloride, CaCl^«. . - . * ■ 


MogciiiHiuJii - . ... r 

OilcLuni -Hulffttc, , 

MuRiiwiiiiii bicurbociftlc, 

Calciutii hi<iarbcin4iH?,i Ca(riCI)iij. 


Mttlfncrtiuiu carboiudPt 51p?OOa... . 
CrtIntUii carboitflUs CaOli. 


Sodium chiorkli:, N'ad s a - ■ 
So^hum iwlfhte* Kas^-Ji - - ■ 
Sodium bicArlxjnuie, NanCUj.. 
SiHlium uarboiiAlv, NAfCOj* ♦. -.. 
hydro^dc, NaOB, * *, u. 


52!) 

STM 

55.5 

m.2 

113.0 

73.2 
81.0 

43.2 
50.0 
5B.5 
7L0 
81.0 

100.0 

mM 


I Froin ili>. H'wAi ^nJ. 7. 
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SedimenUtion with CaA^guLitioa. T)i*' rt>iKlitfcKriin,|; of wuU'r prrpanilorv lo FiSimtioii 
nmy be dividt^ mlo ihM CD misir^ uf uppliwi I'ltcminil. (2} flnorublJoDp Aiid 

(3) ccHifulatioii nrid ik-ditmiotiLUnri. Thr ftrirt iuvdvn violiMit iMeiteition of tJu? 

water lo dblrilnite tliE* ehexii^l ihri^ii^h it nJitl to j^eure rompk'te n?i*rtinT». Tlio Mcoari 
iovuJvtv pIiiw ftiid geiille ftirririit with tixm* tit build up Uie floe, xind the 

iliLrd period luvoKhre puriml r^pioval of iIm’ fkw by wdimeoitttirjiii mllowing jminrient flof 
||> SJoAft to the filter to fumi nu artifirial j^-liniuiideeke on tlip nuriiu-f^ of tbe mind, [u 
irenertil^ the tiirn- of mixing jihould be nn ifhciri jw poAdhbe; the jieriodji of Hoerubtiein ure 
ill the onler of 3(> t^i m and the mnjpibtion periodi* are up to 2 hr. 

Cbenilt^lif iiM-il 111 rooKotatkiiii lire Ibtni in Table 24, Alum {oliiminuiii mlfnU^) nr a 
rombiruiti.iij irnii {ferrEHin milfiite) anil hme (i iileimn hydroxide) are th»^ iiuMt nsm- 
nwilly t hernieab in i-oiMpjIjilimi of water ITie hy^wllieLtnal Tm^ltKnt* whieb iimif 
are: 


L Aliiiii ami mituntl alkalinity: 

Ah](S<>4>i + EiCbClIj, Jlrf.^>i » Ala{tllJ)t + ^ iiCOt 

2. Alum and nmJcl nah: 

AliCWl*), + aXajCJOi + « AlifOH)* + + 3Cf), 

3. Atuin anfl liinc: 

At;(84lOt i-^K'MOliJj * AI’«>I[)< +ai(M<)| 

■L T1h> »[|i|itini] rtf iron kiurr limiv 

I'|•f5(j| + f'tttTfJj, IThCXJ^ = 

Fi<’0,, HjfXti -t* OniOHj; » + ChCOi. H-tt), 

5. Thr AcliliUort of (imt iM-furt- 


ttti) 

(fli) 

OKT) 

m) 


hVS(J+ + Co(C)U), - Fi'(OlJ)i + 


tflS) 

(fit.) 


So mniiv tiJikii..»ii .^rwUHoiw nht*T into tl... KTirtiuni. tlu»t ihnv cttUMt b« inn.I.. U, 
It. iti-tt.rnuiio tlu- prn|w>r mntignl tif ^lipinirtit U. iwe. Thw 1. ilPt^rminni bv twt 
nfiil Til.- honnal (wiiouni* ,«p, 1 vari- U tw.a n 0.3)uid 2.0 «roiii.« ..f itiuni n,-r 

Kn r.r ™t.-r in h-^ (l„,t ^ ^ 

.•■il.-lum rarb.m«U., (i.X’i gmti .rf nilrtim. nridc ..rfl,5 Kmin of Rtglium «aTlK,lu.tt. .I.otil,! 

Im' nrlik-HJ p'r fcrmn of alum to eompbie thn nvieliiin. 

I’ot.Kiilj.li.m w nLg, .u. h finiimmary *if.p to ntpid «i,wl filtmiigii. A Rmull ninnurit 
..f th*.^aiBuknt. nr flor, « to Uif fik,., to form a thin by,..r of filtpring un 

tbs FurfjKt- <if I Ii4< mini hi..|. " ‘“■■'iium UI1 

Al^Ucation t»f Cotigutuita. C'wiKuki.t^ n.^y u, tht- mw mirter .-ithsr « a drt* 

,K.»-drr «r pmr^. 

-.Jutin.. m uhmI, .ut!iru-i,t „ pn.pflr«l to Inat tcr it tJ. 12 |,r. ft» hcl.J In a aiomae liiak 
« W It la rtirr^ rt>rH,imou^ly .UtrillK Um . Alum «lglio,^ ti„d i,o^ aduliom, ow ut^ 
ill S Jit,rr..„l eoh^J.trgtion. Tlf aobitiofi from a ntorSRS bulk to at. 

..nfier tM.k or otli.-r nwdMtiiK dinrict-, wLkh control the mu- ,rf appliemtion of th. 
<'[*t(ulani. [try-fti-d imu-bmM iut! availabk' on iho nuiricrt 

a,«ra|.fl«w ba«..a will. 

.....rlatnirally dnwM fN.d.ih., a,r ,tBitati.«i. ami th,- l,y.|mi,lis jump. M.vhaniral Hlirrinj, 
.b vtrr. aiT- Urtutlly found nm-t mliKfarlory. rSnula, tj.nks .H|ttit.|«-.i ariti, rfvolyioK 
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pntldhrt AH' UJSftJ. Pvriudi* of tuixm^ v^ry from a few of vidi^nl 

lion In A rprvtrifygol pump up lo 30 min i«r niflrr in a fcm 5 li]. 

PloccolattoD- flcHTMUtor-** jmy bf oithrr cimikr lanb* with piuJdleft J¥- 

vi>]viiiK viMliE^I i^lijifl, rrt iTM-MinKul^^r tAnkn with paddlFw n^voivinii^ un a hurizontAl 
filiiifL A <rt^ibitiJitioii rheiuk-Al lcv%i, fijinh inix+ Hia^ibilor, and rtttrifier involvioit hori' 
iDntal flow y fhowrt lo ni?- 43. Hf>n]t(.iiit4tl vtlouitii^a of Now in ?^ueb bo^iua llo bntwoeu 
0.5 and 0.7 ft ptT mn-, with n ^MTirwl nl dotoiilioti tM‘CWiH?n 10 ftltd 00 mill. KlDroulation 
may be AfmitiplUhiHi by blowmic air from b ifriil of porfomtod pipes or othi»r Eji>(fuh>effl 



DtKrco flocculotpr Doff ciaHRtr 

Fm. 4:1, iCorkanlBl-floir miiin^t, RoecaiadJ 5 |t. Afwl OmwnJaliTijE unit. {/IffiT* 

placed on the hotlom of the bftf^in^ Through whieh water \» HowioK^. ]>epih8 of 7 to 12 ft 
aBfi#fitetDr>% with a miutiinum pmetiml rk-pih i>f alamt 15 ft. Poroiz^ tubea^ pomifi 
plateSp or perfomted pipes may be u«ed for air dlFTuHioj!i. About 0..1 ru ft of air pur s[| 
ft of tank area may be requlroii. 

CoaguJatioa fieskis. Prineiph-? appUcAble to sedimentation biiain-!^ are applicable 
aLM4) to eoagulattoii InuuniK. Elorixontal^flow wilh eoutiniiciiia Honi|)eta tnav be 

iiieti with aatyfaelmii. VertitTilr-llow lifudm* or slurj^ji-bluuket clarifier? tLMually uf 

a veriind-^flow circirJiLr tmik in which the Eiiapjlated water entern u diowiicomer in the 
L'enlttf of ihr tank, the downward ilecelenitiiin in thi< ILnrin^ lube pe’lTQliItlnj^ bctt4'r hoc 
fanniiLicn. Al the iKitUiru of the downrotEn^r thu dirt‘ctiDn of flow of ibc water U) re- 
vetm.'d Upward, ri^ni^ around the outside uf ihc duwnconter with a circeleULtinift vrloeity 
bUeh that at miTH* rtintrolhai ela^rido the Ve1u4!ily i# no Innjter s-uhlceient to lift the 
settUnH particli». A layer uf suapefldeii Huccuk-nl purticice U formedi knuwn 06 the 
f^fcini^, wlitnh act^- us h ai'retui uf filter In hold iiuN|HMided matter. The incTeasing, 
wei|;ht of the allldKc coffected in the bbmkel eatlaetf Large partifk's^ to mitlle Into ths^ 
r^onit'id bottom of the Lank from which it ht removed hydraulically^ eitiwr continuou^lv 
□r pieriodicidly, wiil-tuiil mterropting the operation of the tundn. Clear water is r^mov^.'^f 
from the surface. CFpward veldcitire of nijuul 0.25 lo 0,3 ft |)er min have been used. A 
neotion throiiKh joich a basin ia i^howti in h'\^u 44. 

Slow Sud Filtntioa. A slew aaiid filler is nJi uuderdtidtied, watertight busin eoii- 
tnlning sand alMJOjt 3 cir 4 ft dttip^ the sjind hU lanerii^Hl UEider 4 IO 5 ft of n'ati^rp 
and I he baein hieing aminge^ I to penult the tmreolat lull of watiEr thnmgh ihc juLtiEl. The 
water usually reccivwi no prohEniiinn' iroatnicnt, olJjcr than plain i»eifimentatifm when 
npotled. The wnter ftkctu through ihe sand at a rate of 3 to (! mjpl per urn*, eqiii valent 
lo b to 12 ft |M*r ilay- 

■Hlow Mild hkcrw IcHP enninumly il^^\ in thi^ LuiiP-d t^tatea ihan are mpid va.nd 
filler? beeaiiEie of their grenler first tmU the relatively large area roquin'd, nwtl for other 
reoscinA On the other hand the operation of a jitow saml litter n^uires iiw? akill nnd id 
lower in east. 

Rapid Sand Ftttritio», In the openitiot> of the rapid aand flLler sliown in Fig. 45 the 
unhltertaf watcr^ whk'h nomijilly haji roauved preparaloj^i- trentioenl, enters the filter 
through the fnjfuenl pipe ustuUly p<os4ng into the ends of th? inboierged mezah-xrater 
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C/trf^4 0tjf0r 


Cftarwirfwr 




C^ceflffVi 


i^nwmw/ ^ wcfibn mtt 


Flo. 44. An XmUitjr, rombinini elwniml tninn^ wmhn, Plntr cwiwitmbn. ntrJ 
liiOD, {tnJBfir. I 
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ivrfita 




/>/rtr 

"ft S 


hjvAtf 


JTftyA ■flJ'ftr 


jw^noVirr 


wfdmreiv^S 


fiffAT rtJ r 


£7/»#n7A‘i7^ fsAfe 


^Utrjr 


/ pf’pt 


WitsA — 
p/;P4 


frf 

pipt 


//dftr 


mAtff ¥af^ 


Fuj. 45. SchtHTiiaiic drawint of ■ rmi^id mnul fiJtw, 
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gutifTM, Tht^ liM'n limc^fnclp, peiJUfcnjc LhrLHj|[h thu «ifid And ipiiV^I bQ rfiter lUv 

pcr/ifrat^ undfrtfrtiint mid tht* nmnp/o^ to ^mim thrmi^ii ih^ mU cantr^irr^ blkmJ thirti mta 
ih^ fcUrTi^'WaUr rniduit. Thu df-plh nf MiTid fltmni in the fiKlJri- U about 3 ft. Other 
dinuDJMiDtitf can bf approximnl^l fmm the fipuiTr 

The nonunt rate nf Rltmtioii in n rapid «uid filter v 3 [q>ni jiur mq ft of nand mirfare, 
althnuicki wMh pmtivr preronditionine of I bp walrr awl wiUi prapT dcwiipi of tlir hltm- 
lion pknl, mti-a up tn 5 (tpm per «| ft ttf biter ™rfnrn haw bwi 

The fdli-jiiiH hLaU-rinl u moiFt eommoidy of futt^lin^KniiiuBdr rlran, i|uart 2 

3t»nd with an * of 0.36 to 0.5 mm and n un-irorniity roeffieirnt ^ not pmter 

than IhG lo t.6. A lB\^r of itravtl from 3 to 1^ in. thiek k plaeed lieneath the und ti> 
prevent iin eniraitrr Inlii the ittidnrdraim^ and to ^Ini^trilHite the Eining Ptrettmp of waifli 
water. 

Ab filtration pragrwe^ the sand wfare and interitiDN hreome elogged, nniMitig nn 
increajdng bond in order to mfuntaiti the requkitr rate of fiow. VS'hen tliis hmd. mllod 
hi-dd tot*^ reaii'he^ S to 12 ft the filter tntist \n* wsufhrd. Tl^i^ iE done by rloffthg thi; in- 
jfuent and allowing the water in the filter In drain down^ through tlie efSuent pipe, 
Lo dr tadfiw tlu^ wa^lwwater gutieiv- Thc^ rjiaen/ mfrr tB tlien eloHiHJ and thr^ Aewtr ra/rr 
is upenvd. Tfie iin*h^tcatfr eofi'e is then opened^ skiwly at and elc^ Wash lAnter 
nsH! rapidly LbrnUfcIl the filler lifting the aanri. Injt tint thr ppaVel, and expanding the 
layer of aatid about 150 pen'^nt while it k Fiusqx'ndid iti tlld rij4ng Wash Water. Ihrt that 
is wwshtHj from itbe Band «5 carried by the fi^n% whaler into the wash-wati-r MUitens and 
Ihf'iiei* tfirouKli I he Brsfer or drain pipr lo ultimate diiqiwiil. 

The rate" of rL«F of wjuih writer is abnnl 2 Ft per tniii to u.tpatid and N.-rL|h the aabd prop¬ 
erly'. SupplemenUiiry deviceWi srich a* air j«ta, n«Volvitig rakee, aOrl ntdii^nwani nr hnri- 
^iinLal water jels, are somelime^ to inm^ase lurbuhttre during wibshing. About 10 
to In min nmy br* oa^uired to whbIi n biter, tlw^ time lielwcen washin^p under good ctmdl- 
lions, being 24 lo 4^1 hr. N'ot nmre than 2 to 4 pt-rreftt cd I he water btterp<| should he 
in wiLAhing. 

Features of a Rapid Sand FUterK Capaciij^ o/ t^nd^ji. Filter untla am usuidly n mill Li- 
pie of a whotp inU^r or fmetion of 1 rngd, in arder ibal atork valves and appurtenances 
nifty be used in design. T>ie filter nniia ftrr roMmonly built rectangular in plan^ ami 


Ficii. 4ri ArraoKcnieaLrt at waHh-wnler aUtt^ni 



FlOr 47- Cpnaa, jiretSrin 
of a wfudi-^wnrrrjni Clcr. 


they ari< plartsJ Oh t-dch Bide ot u ppillery^ called the pipe gallery'. The ratio of length In 
width af a unit w In the onler of 1.26 lo 1.33^ thi^ trngtti fieing placed perptmdictikt lo 
the aide of ihe pipe gallery'. 

VarioUfl armi^gemerLtw of wajrA-Bnitrr gut^cri ure UFetb ftAffhown in Fig, 4d, with a U pleal 
er^K* necLtoh ^awii in Fig. 47. Tlie gullerfi nm plneetl with tbrir edge* not more thnn 
60 in. Bpari^ nnil alniut 24 in, al»ve ihr sand nurfnee. If the required enparily and width 
of a Wftjfh-water gutter are known, its deplh at ihe upper jmd lower erwjs can im de- 

1 TIlk rjftrlirw ntr jJ W Uw diunolfir at Oj^ kflC^t pniS IM4iiSiK tllC Ukmll^t miatl nwliitiiir Up 

ID pflfiiwnt. by wMfthl. ot » jWiibpJr ftl Ihft mr\d- Tll^ vnt/^rm^Uv im iJw of tbtf trffeCUvfl riiii 

Ur tll« dixtaktrcre oi Uw laqpwL xmin uiHiihC Uh' rfl4*llMi1 amPfe- iswuna up DO nnnKnl, hy Ih* 

Ml-jilr. 
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tonniiir^ from ihe t^Kpnsfisloik 


Q - * M ^ u-k-L* <67} 

where Q ^ the eaiiarity of ihe truui^h, rti ft prr eec 
^ breiulth of n^tdoi^iiitur ttom^h^ fi 
« depth of wau-r at upp^'T uad ol Iralisth, ft 
L tif tfiHiKh, ft 

I « elofkr of iTOtlom of irotl^h 

If the urns iH>rtion of ibe troup;h h ool iretan^hir, a Imui^h of rceljiTnifiilftr ehape ^hmihl 
l>o eompiitod and thisn rotivurtod to the dwiird «hape wilh c*qual ares. Connwte, uteel^ 
acd cBLjk'l lion utfr ukmI lor waHh^a^ater jgutler^ or irouifliA. 

f.'ttrfrrflfOiFwi(he tuay rSiwpii-d ae: {1} MaJiifcdd mid pjpe lateralit, aii Hhowqi in 

FIr. 4S, with the ku-iaifl eilher perforaPii m rtLuipped With h ntralMT head thmkdf>d into 




T 


—L 






Pcrfcraiid iQttrqli 



> 


PerlofOte^ iDiercit with v^o^aar btochi 



Yta. -)*. Perforntnl-pilpe underdmiiu^. ^HitMrd /Idxna, J, A. Jl\ AIiptA, p. aOS.> 

eaeh perfontllon in the ptTir lnt«ruL \km\\ pf-rfomtians, niithttul tdrfyneni are niutv 
commoTify uml. {2} Itidjte^nd-yallev fomrel# bottnmA, wiUi potforatt>d mrta( 
Ji-pmininK. the vnUcyeL <3} Varinu^ porouBp ralae bcittonv^ niontly of prnprii>tArj' ari|pne> 
Perforatpil-pipp umh-rdrains arr mmmonfy individually di'^gnH. 

The iiepih nf a filter Ikis may not hf than thi! Rjm of the feillpw 
I. Height tvfiiiired h^- the Rtmioer nynUm aoiJ the eowinj; of ^ypl Tliia w m-lrlnni 
IcMi than 8 in. 
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2 . Thirkct^ of thf^ Ahnd bed. Commi^nly libdul 30 iiL 

3. DieiUiiiE!^.'’ between inp nf Hand and fdfp- of WAab-waler jpitter. Tbw ia L'queil to dieh 
Unee that wnali wAter win rint? in ih* filter in S tein+ if air wit^h ii not yiwd. 

4. Dfflintble fnvbottrd nbowe wjii<h-WAter ^Uer^ Miniimim ^hcnjld be about (i in. 
A Kilter deplb i* preftntble to pfovule fnetor of nafi ty aKoiruii «verf1i?win( ibe filtt^r 
bn*, fnr fiexibiUtyi and to provkle ailequatfi [jewtive hmd between filter wTuihinjp. 

Filler tjQX« arc eeldom eortiilJtlc;t**d with & depth lost iKan ifl to 8 ft, and p^*! impilly 

Ncgaiitt bf en'ntod w hen the head Tom Oirou^b h filter exiwdp the tiupih of water 
on the filter. Neffullve bead i& uauiilly eifrersfiscii jw the intniitfity of the vnnjum, in FmH 
of walert in ibe nmnifokl of the uniliinJmiiiE*|i?t^ Bj-Fftem, bead bfw the ad- 

VMjta^piw, in dcj^gn, of portnitling shallower fiUor bo%^ nnd, in uperatlon, of ppimitting 
lotii^r filter tiiiiSp prnvideii no other diffieiiUlee ariHe, Air baiidin^p due to rpJeaae of 
diMolved jcnawja, w a comiiMio dilfieulty where too i^at n nTpaUve bead m used, 

Rati^ eemirai on a filter |h neualiy autoinfltie, ultboui;h moima] eontrul » i*atisfnelorili.v 
ow.'d on very jwn*!l unite, A elostd or submrrjpi-d type of mte raiiLrolfert dependin^^ on 
the priBeiple of the venturi lubon ia eomnawily Ufled in closed rate rDiitrollers. One funn 



ia ahowii in Fin- -Jsl. When the deviEie k proiK-rly J*ei ho irierenite in thr- rate of fiow 
thnxigli i t w il] ftaiuw* bji int^rease in itie dtffmnrt in powaimr licLwwn I lie upper and 
lower sides of ih^- iLesible duLphniKin, and ihi' Imlnoeod valve will elose alifditly. When 
th<* ntle of flow throUAh ibe deiire deeti-ases. the kHilatiet^ vnlve o|x^ria sliRbily ow inje to 
a deeniftiw in the rUffcftnff in pirwaire on eiu'h aide of the Hexibis dinphraRm. Jtate 
eontnAtortf nan be aneiirately culibraHd by ttn: of the filler ixis aa a roeasurinR tank 

rtndn when onre wt, can be e^tpetled to oprnUe within I to 2 pi^reeni nf nn^uracy. 

The apaoe b^itween I wo rows or in front of a sinRle row of filuw is devotwl to piipt*s anil 
in kmiw-n US the pi>Er pofirr^, PipwJ iiomiBlly pbii‘c?d in the Ralh^ry'p arul the veknoUea of 
ftnw Iti cneh pipe are llBted in Table 25, 

tl^dah-iKtlef fuppfR may conir ftoiu (I) an elevated stoniRO tank Jed by a pump which 
operates mom or lesw eontintiunaly, or is fisl eontinuoiiflly fmro the diairibuliou nmiiui; 
(2) a Iwjte pump dmwinjE water from tfie clear well; this pump opi^ruUyi only when tha 
filter in tieiriR wsahed^ tir (3> the distribution rnaiju* otiVv ^ht^n tlii^ filter ia Imoo* wabbl'd. 
The prt'ssurt' of appUcHtiun nl the botbnn of I he uihli’^rdmiEkK is uliout IS ft of 
The um- iif tba elevated stotiiRe tank and the kfRC ptunp drawEikg WaliT from the dear 
Wf ]] reprrsent proeticr. The liuu nkrtluid may Jiffect tbi' pri^nre in tlie diatribiitioii 
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Taal£ 25. VuLcKmcrt or Ftijw in IHrcs is a Piris. Gali.e&t 



Velocity^ fps * 


VVlodly^ fps * 

Enfiuent. ... 

!-3* 1 

1 Wash air.... 

40 

liffluunt. 


1 VVaate water or sewer. 

5-10* 

^Yash water. _ .| 

10 1 

I Fil L^red-water waate. 

5-10* 


^ ¥nf uAl-izyn >lnn)riTvhat It^Wtr TSfKiitUa £ufty ba uimj iu iStEuiuitK. 

1 ^ower Ibu Atricily ««E]«nEe^. Ur mYmd himUiki; ftcK, 

^A5l ■.tnUBblE hfluJ b4lwNm Tilt^ Md dw^WAicir fllutracB Iwiw, Af amiloL, 4Buld b* latUa^ 

muvIJmt o{ lfc« Qlhtrf libUi la wrukm. 


hnd it« opemtioEi it mH?i!anomicaL Tlae mpadty of th^ wifth-watnr fitonif^ taiik 
should hr ^uifidenl to wpjth two filliifB «ithaiJt tvpIooLfliinontr undtr Lhi^ nissumplion 
t Imt the wjiiih vrjklxt u ki be at the full mte- of 5 min to efl 4 ^h filter, t^Tipre % wiuih- 

wbtor fltorsgt^ taJik and ptinip am u»<?d the pump ^linuld ruffieicut oapaeity lo fill 
the tank Ln die nhortrat gistimat-rd time betv^'een wjwBnjpr, A wjMih-wntf^r pump upefmt- 
lti|t without A tank .^bonkl he eapahle of tlirciwinft enough whPt at the 

rate to wn^^h one filter at a Umn, 

The f/ettr-«d^er fawm ia an equaliring bafiin which hotdi filtemJ water aikI mipplirv 
the varying <lenuknd of the wnter wmerf from the whirh operate at a eoDAtant rate. 

Results of Ripid Sand FdtratieHL. A rapid nand filter will remove aui^pended nialtor^ 
eolor, odor, arifl bacteria frnto water and will m alter dir rharacterirtiai of I'ertajo pol¬ 
luted or otherww umlesirablo watem to make SbeEn mitnhir for dumratie and khkiI 
indui^trijil upw. Tlir removal of bocterin ia usually ifiatrairiently efTriftive to pluie de- 
liendenee on thi- filter nlotir for the produrtlon nf a h> giriiicall.v wife water. Itapid mnd 
hltTmticm fhouldp therefore, b« follawecl bfy dbiinreedon. -Blrreter^ haa (f¥pre««ed thi^ 
reUtion betwi^n the baeterln] quality of ntw wai« and the efiluenl rioulling ftatii 
eoagulation nnd wdimenlAtiGn at 


a: * 


rfir 
N T 


m) 


111 whirh A drnolrfl the bacleriAl content of the raw water, If* that of the eiHuent ftom 
die jH.dttiriR iMjiiti, and c and pi are empiricai coiurtant#. \K\wn T in expowcl in houm^ 
die vuluen of I! ami pi for the i^iiperimental plant WTere 0.57 and 0.^, respectively, 
Prnflure Filterfi. A pri-rA»Rire filter m a rapid iiaiitl filter eiielmnid in a watertight con- 
triiner. Water eiiteiw ihe Idler, is amgiilateti, iiajwiw thrtuigh I he Hand, and eiTkcrgiif at 
any predetermhied pne^um^ iLmmUy suffidenl lo allow' dNriliution without aelditionaii 
pumpang. ihieh filters are used prioeipally mi relatively nmall jiublic! water sopplii^ and 
in industrial planip, Kmulta ate li'«* KaludactorTL', in m far ns quality of water is con- 
cernwi, ifinn am tin- results ntiEninnl frotii gravity filters. 


DlSmFECTIOW WITH CHLORINE 

htelhoda d Diflinrectjoii. LitiuEd ihlorine i» used alniont e^crliuively in t-he United 
Slaves for the dWnfeetion of puhik water iiujiplii!fl fJther ilicinfectauts or dwinfecting 
ira'thndJi fnr publk waler ipupplies larluik oziMie, ijllraviolet lights lime, and iodine, 
boiling is rtiilabtr only for Junall, privaLr water euppiiw. Liquid cblorine in avnilabk- 
in steel drumn etmtaining from fiO to t^OOO lb, or tnote, unrler a prvzwure of about 100 psi 
at a icmperature of 70 F and m p«i at 136^F. Cyfindem holding 150 lb of clikirin* 
am in eonimnn nw. The chlotinr is fed into the wnu-r in gjiaeous form or in water mlu^ 
lion, dirongh Finoprwijiry contfolirm Ttie rrniitration of ihe iltue of cblonne ihv 
pends on the uiganie eon lent of Uh- w ater to Ik tmntnd, on other factun., and on ihe 
ifckfMrrta It. Dmiiitber. IV3^. p. 1?^ 
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dc 4 ir«d rnttlltn. Vp frrftpUWp dom of chknin^^ nuip? (mm a inert up to ulMXit 1 ppm, 
C !tilotriruitidp nuy Kn nlPfiliiUitioft. HcHrc»v4»r, th* jipplicAti«i of chloriiw^ to turbkJp 
unfilten-Kl itfjttrt iruiy not kilK all 0 (ri;iuiijnuj bwmiw tti tb*' nbeorptbii of ih* thloriii^ by 
of^nio nwtu«r. In anivr to apcwnplinb r-omplete ■teriliKiilioti or ndeqimto diAiifi^tioti 
then* rtbould nom^P rwidunl ohJoritH?' in the ireflled watpr, 

SOFTEEflNG 

Methods. Wcitor tfupplw# pK' by tbe intditEOii of f-hpinieiiiL* of hy Lbn? i|k of 

t 5 ciAM?Krhttijjce maiorink In tbc- ispemlion Epf tt municipal wintcr-«>fi^Fiiniir pknt it 
now cuFtomin' to n^luee iwljonnU* hurdmw to 35 to 10 pimi, nnd lotfti hurtlnc^ to 30 
to £0D ppm- 

Thc following mirtioti^ ownir wikcii ai>ort<^niog cltondmlH art adcliHj to liani water: 

CaO + 2UfiCh = Ca(Siah)s + Hjfl (GO) 

Ca(HCO,)j + Cfl{OH); = 2Cn<X)j + (70) 

Vvi^i + NcvaPOi = CaCOi ^ XafSO* (71) 

The cakium catbematp in tht? Imt two t-quationfl itii^iuble In the Jtbf^niii'e of rarbon 
ilioiiiikand is removed by preeipitalion which mny or may not i^e folEowed by 6ltratJoEi 
ihrcHig)! Mind, 

The amount of lime nnd a&iLa sudi ppqmred in t«if Mminpe nuit be rioscly approximated 
by the ui*e of thiw formulns^ In the dwiira of a Boftening plant, pfovsjiion in ma<fe for n 
mixing and eontaet perifxl of 20 to 30 min without ™lc ni aKibition. RebEiemenUi in 
the procef®?, Huch us the eon trial of pJI, hrating of the Milijtiah^, and mArbonntionH 
should rwnit in u redurliop of Tiw amount of rhemk'flU and an impruvemenl in the 
quality of tliii water, 

Tlip JtrlditiuEi of lime to Water reduceif the ejirboTUHe i^mration and tnereiu»»i the 
tendenev of the water to d^•pOfiit eakinm rttrhciiiiite on filter sand, pipewr boiler tubee, 
ete- The earbonate habmer may be partly or ™mpk*tdy restored ami tilhi^ nd%^mita|^ 
gained by the rornrlxmatkin of the water. This nuiy be iceomplifiheil by dilTusiriK earrjon 
diuxklo gfts ihrtrtigb thi^ watery lny' underwater ramlmstioEin by the ui?»e of dri- iee^ or by 
the mw of liqitiiJ carbon diositk. 

Beeautv of the relfttjvidy largt' volume of fliudgt* ui'euinuktecl in ihe sofiening ptmrsa^ 
sedimentation bnninf* with mechanieal devinmi for the continuous removnl erf sludjo-! may 
be uj»d^ Miiny expedienls tmve been used fnr the db^iiosiil of this sludgi^ such ab (1) din- 
c^:la^Kl^ into a utream providing isufflE'ient ddutian and carrying capacity^ to prevent the 
formatiou of sluilgc banVa or the disnrfamtitin of the slEtam^ <2> temponir>' slomRe to 
permit danduirge Into the sUiam during higii-water period, (3) filling of depiwiiotui or 
exravationjs {4} dim?liarice into eity nt-wkh^ to the Hewaie-trealment plant, (3> drybg 
I he flluiigc and usmg it for iimlEig imd, (B> ndHirning for the pmiluclion of lime, and (7) use 
ns a hller for paint. 

Water can he nofleni'di to any diTtrw of hardncMi, tlowu lo *ero if ilesind, by passing 
it through a layer of baswxehanjee tnaterbh Capneitites nf mme aueh materials, ex- 
pnwed in graina of CaCtk or it# etiuivalenl, per cubic foot of material aret iiymiimfid, 
2,30(1 to 3,0(Wj pEi'l leoGtm, 5,0n€l to 12,000; Milfonabd coals. 7,fKlD In 1(1,000; ration- 
exchanRc ^as, low najwcHy, 7,000 to 10,000, mi-rlium 12,000 to 13,000, and high 
23,000 to 33,0n0j arnJ anion esehangem, nv^lium 13,000 to 20,tlC10, and hinh 23,000 to 
30,000 

A twirtM-xeliajige softener has thr apfirhreince of a priwriuiv filter with the Wind re¬ 
placed by the sand-like b*«M?aehatigt? nudeEia]. \Mirn the bMe-exchangc material is 
exhausted it h regeiwraUd by nllowitig a sohjiion of s<idiutti ehkwridp to stand in contarl 
with it. The amount of sodiutu chloride U about 4 lb pet 1.000 grains of liardnen 
moved. 
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WATEK SUPPLY AND TREATMENT 


Ttw? f'iip oF a M'oHtp wjiii'r w»Fli''iHft- cun b& Mprc-HWiti mi « {KQH]/0 where Z in tlwp 
vf?iumrP o^ the brt«>f*5crfHinfE.e nifiinrwl uncfi, Q in the vdliutm wnlet lo ts* be- 

twwn rsTtetitifutioffc'-, If the htiHnew «f the wftter* G U the hnrdnm tn ht- remevpci 
t»etwFeik niicnrmlwci^^ oiiil A' ip n. Fnrl^ depending on t}w unll^ 

TASTE AMD ODOR REMOVAL 

Melhixb for tkie renvovail nf &ni1 oJaj^ in publjr winter ffupptieA in-^ 

dude (1) ttf'rntlon, (S’] pirchlurinatian, (3) nypeivtiloniiHliori fdlnwH by difchlaniiiitionH 
(4) zLfflmoniettinn or rhlniTiininuticin, (5> the wm of poU-^uin ^HTnuiiiiiniiiLle^ {3> the 
upplimtiun oJ Hctivatr^I nwhon, (7) the of chorine dioxide, (S) copper mlfAte, 
{tl] btenehing ckv, (SO) lime alopie or wmidiKd with fentMifl hydiraj^kji\ (il> 0 x 00 ^, 
(12) the temovnl of iron nnd itiaiipini^fte, and (13) coagulnti-ufi^ pediropnUiNofi, and fiUtm- 
tion. Notie of thR»e melh«»d^ h= npplicAblc to the remm^al of aU tfljrte?* and skIotp^ nor 
are ail witltly for this purpcHfe alone. 

USE OF ACTIVATED CAREON 

AeTivated rttrl^ou in st rarl>on nr ehiLrcnal wbidh liae Lteen heated in a. dcBoil ivtort in an 
ntnirw^phefe of fltearu^ alr^ earlxi'n dioxkLe^ nr otiief kah po that the power of ihe- earhon 
to ncKirb gBMsi is Kmlly inertwd. It \a iLHtd to rvtnmre tastes and cpdors from water 
and in ini|wovr ills color. Huely powdered cctivalid iraTbon mny be adiled to water as 
a ilry chtitniiatJ at the rale of JO to 15 ppm^ at a potnl pren^ling Qltmtkon. Ttip arlivaled 
carbon hs rumovtd by the filter. Another lOctiHicI of u^riic activated rarboa to pojyi 
the water Lhrui^i a t>ed of the nnateiiaJ euiistnirted flimilarly lo a rapid mnd filter, the 
rate of paj^a^r thn^Ufdi tile activated rartxm being the Kame bos lu lapld jiainl hltration. 
Only fiUefpti water fihould lie pas«c-^l through the brsj of aclivalid carbon, Ii w probable 
that Ihe lied wdl! reqLiin' cleaiiitii' no more lYmn Iw'o or three liimv per and the 

earbon oetd n-vivifuti only once in 2 or 3 year?. 

REMOVAL OF MISCELLAMEOUS CONSTITUENTS 

Removal of Iran and Mojiganes^. The proet>?w of iron n^moval incluth'iii^ aemlicm 
followed by Hther eedinumtation or Ukrationx or by both, li w generully not ncoesaary 
la add rhE*ini™l!s in ihti proee.^. Matiganew v frecjugnlly pn^rnt with iron, and its 
rt!cnovul u* mere difE^-uli;. !l U oxidiELd to render it iiisoluble, but the pm.ipltAt«doeti 
jioi tifltU- n-^iuiily. It may lie removed by oxisJalion and adjsorptkm on enarw fUterv, 
foliow-ed by fiitration on bne'Smined httem or by the eukivaUon of maru^nt^ bacteriii. 
MniiKftnw eon be removHi alwj by ihe t|se of a imuipuai^ bas<M?KrlkHr>ge materinl 
which i» lepseneratH wpih poloasiuia permanRannte. 

Removal of ITluoiidBSit Metbodn for the removal of iduorideB proposed or ptudiisi 
indnde (1) cun tart of the wnter with ^iH^silally prep4kr(Nl ground ham\ (2) t)ie ujie of the 
rartHinats' mdieal of the a|Hitite compruFlnK bone, (3) overt rralxni^ut with lime to a 
cBiiatidty of about 34 ppm in ihe prminw of BUffuienl maitia^iuio. (4) pniwlng the wati r 
thmugh a txd of trii-atcium phiKphiktc. wilh twickwroBh of clear water fudoweci by caiiBtrc 
solution lo eemvm [nF*L>lubh» ralrium lluonde Lo wjlutite sodium ftaoriiie, then with 
rlear water, Thi^n with carbonic ai-iil to adjuFl the pH to abmii 7.0, and fimdJy w ith dear 
water, (5) ntworption by hydmiry apatili^ in a pn^w-un* tank n^genemting Um incdiurn 
w ith oiuBtie eodii, idmilar to the pTCL-idiog irw^lhod^ ami (B) variouH fonts of base ea- 
changem?^ lAj(wibly the suse of ftctivateti riJum in conjurirtiun widi ton exchangicr? is 
giving the grealest promuH* of Nilhdaelory dcfluoriilation of water. 

RemoviJ of Dioaolvad Minerals. Ii is pcwniibleT hy means of iiajw! cschanijE, lo remove 
difisolvrd mineral matter from water, or to rearranRe ihi' di^^lvid ndiu-rab lo produce 
an. effluent of any di^ireJ q^ualitiEB, within limitap for anidytirol or industrial purpost^r 
supeiinr in quality to dii^tillird water if desired. 
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of OU. Oil ,.«y hr W w»lrr I 15 ivl«*rpl^ b (hr wml-r 

tliLKb ^ht-in-r rsreloiw nr wmilif motrfial, ^t.irh rnn k- nnrwtnd Fn-q«on(lv; In' 
Mrxl Kller^ -imiUr Li pnf-un- (iltn*, ix«wibl.v «^lh |.ropnr 1 ur>. 

nor (Hvd «itti m« hii,ii™l nuiklioTi t*> Hiiin.IrnK »t h«rkwiu.lui.«; ntkil by rrtln-r 

of color. Color rro. hr n-T«ov.,l by rb.mi™! .^jpnolioT. 
iTw otAlioi. or fihrulioo or -k'J l»y tho opjilirntion of arbvoi.'.l rarho.. follo«Mt by 

‘“Sked G.S 00 . Di»olvrj .t«« I- '‘J' “*“{ 

. ""™ . , I ; u niHuilvn! narPH (vttirt- ikin ™vjsiMi mifl nitron™, ™ rmtuial 

of i**.i ”i -i™' 

I ipp nlii‘11 pswwil t« nir \Vh«?T^ redurliah ol oK>^^pn to hi- Mavr 2 iu S 

C«nri.™«. ..I .ia« .»r L, nW by (.) ,»- 

Cii«niicw Cfflitroi _ I j j ,jown q c^irhimate h m t« 

trollLon lb. -b.«.»to ^il 5 t..i, wo,er, tl^. b by 

Iirolrcl thfl lutto nvidlsiWr to n-plnr*- ftietiillir ionii cliBihrtTsinB from tin- 

dcrn^oK ttie .. to trai t with thr pro- 

formed by o1rr-.roly.ic nctio,. ond (1) cr^.in« o p™,.-tiw 

:-I:i™ ,X H O lb— olkalinr for™ Id -vatcr nk.. ot»y 

r I Tih,™^riion of eochum phorpk.lc (K-lo-i). or of ™liu.ii lirwoi.cliipho^lo.lr 

^ ■" 

dcvir^J on rxptv^ko to iiolicalc tb.. pH a. .rhirb wuU-r rhouM Iw i.i 
«iuilibritim with ciilfium nirboimtc.* It to m tin- fonn 

pll, = ipHi,’ - phVJ + Pf'» + 

I, ir . II tb»t ihr water slioulJ how to br in cquiUhrium n^lh C'ttCf h 

" X'. ^hV - limotivo U^oritbBW of th.. *^..d Hi«M>™,|i,m for i.irk.i.ir 

ttind and activity pnxiorl "f <■ niipccli’-rb 

iiCb = tirnaliw lonnritlitii of iiudol roinftilruitioti (it t.a 
nlft - in'^tiv.' IciKrtrithm of «|iiiviiU-ni conn-ntmtion of titmtalvlc haw 
■n..- PrtlJjrqlrki kdrf ii- oidaioH hv oubtnicti.m pH, fnuo th- pt! of tk- water. iK'iia- 

that,hr water ioutaf-rHomratril withcorbonat- ^.tw 

i„di« indicate, tk. i.-v-rw. Tl.r d-l-rmioalion of tUv inde, mvokro art an-ly.ia m 
which toto! -oliib. timia-niltin*, calritim. and alkalmity aiv rtpirlni 

CHBMICALLY POISOWED WATER 
Treauneat. Water amy k- poiroanf acrhlrntally. by 

niL-otioe. .torhititie, and colchicine; f2| nwritu, ar«nic [f 

(3) uiontwiic atomic i™i.poiiad*., calhal arwmte. am! anwnat-«: t'D ryanide*. mid 

. k n-4 _ Li^l IChTtfl 


«'. F- J‘mr. Ai^ w«l*r W’w*" ,^*•^■1,'^ ?b [>,C„ tiHl.f- IWS 

i3« J*- Wmi*riZ ttW*. 4.*.^ K«™.hw. 


W^tr ITiirA^ Ifflf,. .^vir. 
lUa*. p. ISft2, ivf iicurwiflimifp 
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WATER fiUFPtr AHl> TIIKATME.ST 


(5) ItRtivy-iwttil iwltth ffijcii iw oct^tutei and aiiral:«» ti Jesud smd cif Atiiomt th«! 

rnmi dangi^oiifi are th& hlmtvr icasei imd Eub^talir!^ conlalniiiK cyanide. 

Some poimnEi may he removed from water by (Inft neratiii^ it luhl tSim addinir n^HHil 
21)0 ppm of aetivnted mrboii. Tliln filiditlil \w followed hy eunipdiilido with dump 
firient bomu added to cairy down ibe aeUvitted rarhon. Thin may miuire a# murh pm 
7 icmitm pdr the aMount Vieinjc In proportion to the netivab^ oirboE] added. If tJie 
water la sMbaequmtly fdteml a wnmil dose of netivated eoiiKin and of coogulnut mmy W 
lined. 
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(Wirt fwriEiir. uv«'C«EiAi-ity wfvrp, 1041 
(Wpdrbr kfiyHinc, 1-741 
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Jnbweyw, »lLh tklauf UMe^. 141 
■^itb LrBHuil. 1-JOl 
lalffvLpUi Cqcncnnini] Cmombdan [ICXTIk 0-^4 
•u U i iiO rmljwi d imJl'H-ayHr O-lfA 
'"TklHilaliMi dC P«mfnlq4 1^ iiiciul*. 
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•*wcr, f-a-1. M5 
UM?W. 1^14t f^tl 
4-14.1-14 
llW. l-tn M 
lyi». f-S 

*tiMt 4-10. i-]2 irt 4-t-i, I-Id, 1^17 
X-iiati. 4-3 

LiBil altfuilaq.. 1>^£ 

'JlAKfmipiin CyrUtsaftiiM." j-iU 
liOeTEQEiiiTwi. MI la f 

^*4i*d|y, dn^tH^ mtJL tnVt 
4Eiftt|Hmr. M2 
tfwnadn’ mtiiiii MU. 44t 
Tmirtiif^ cdvt. i-31 
rHbtaqiw. 

tm^d-dikiaiftr dlacratn, M|. l-Ag 
IfiJq Mitaniri^, MLV. 
iyi«*. dWl-idt‘.>tnr. I-W 
BlppirirH *-53 
iHHiiiLrbiaKlHtfVP, l-;53 

L««4iilji, 4^ 

J^cittaiii? ctirv^. M 
l^kniiuidp. 1-44, 1.72 
1-1*1 rMiutm, i-to^ 

I,uiA ilk ttirvDgdni. 1^1, 1^4? 

T-12. 7-73 lo 1-74. 7411 
Icow-flw iLfatlKi fiir rivtn. 14.|3 
l-y«c~UijiiajcaM mitniii^ adjiNn«Hrtitft. 7-,^ T-:Tr 


MrAifauik, D, J.p Ml 

aifNTOptBiji, S-JI^ S.a« 

UifctMJ'l UinU^ Ml 

bcUitnjqDot, *41.4-tdi, i.||K] 
nrtitAikl^bmpil, f-MI, T-dl 

Mr4IiLLh I renofl furraikb. ill 
AjM^TMum o^yt-Miaid# rtiowtikL 7-1 |o 7 ^ 

Mariuitk tuqfMi. 1 -ya, 

IuihI iM^acticin. 1-23 
4lHFntTkE dreliiiaUnn, l-zi 
M^t«iajii». Iklab^niy. 1-115 
ftilunay track. *ao 
Hwur, MT 

Ailaileabjlr cpwt iftm, 4-14 
MaitimliEe rruiEiiriili, l-il 

rcioorrai from Ukaii^r. ID-T-I 
.\LEJ3bialte, l-ift 
4l*J.b.i4 diaiT^ 

iiw 4jiaBi liluiiiiativ 4-74 to Ml. * 

iTiuafcjM™ 4-77 

MahiHuvtini, 4^4 ta 4 -|Q 

4-lQ 

4Uni44l« ^ |kratU». ucnie, T-JH 
tulviy 4^kM>Hint* M'i 
•OFuaHna. Mu 

«. Imi^^ c«u,^ T-ttU 
Ma|h narlutiK gf ccihenrte,. 7 ^ 


muEX 
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XUpfiint, 1^. l-IW la 1-im 

fltiuloii. i-I l&i t-1 lA 
ki4l0&, MI5. i-llA 
fwniklft, l-IH 
MaH. definitiiJxi. B-4 
:U4ri4ii"ii nHiMwt, 7^1X 

vnnlinkli. T-l, T-^ 

Rrimt, t-l, t'la, l-M 
dAUlfl. Uhlbl' 

M^miiplJr gnrinff, 7*40 T-il 
i«iikti«n.tuh! rfav. T-^. t-^D 
.Mm 4iki|f«ti, rvtkii'arii, I-3D 
Mftt fumn^UofiP. 

britU^. i^i I 

ibictUrfi, M -11 
rtnalir, JNii 
firdjyr, i-ll 

t^l I 

En^^rtkiP i-lAi M-12 

rmitwit. «-U. U 
■fhocfi^ vn^ltE^ flf. f-|,^ 

■lift, 

Imcb. %-l^ 

Mum, u^feylBlnl, w T'TV 

MuilnuiD beltdifiA NiChikAiI, fi-l£ 

MlMRiUPii iJuttr, 

lk|«4ni>a«rk ilimln 4-^. l^lfT 

MMniiiiiii iilnH !■ HV 

ill JIeMUv Ftnv. 

1^"w_ I'rTir. l«44i 

■MiwrtaretnBiiE^ of bA^W Anil durTtlcniL, 1'^, 1- 
4t 

^ dilfirtislKV ill ekwJuJENi, I-*! I lU l-i?( 

4 17 i4i i-ia. 

HDlttlmL. 

lyrn^tm qI. 1-3. t-IHi. IHCM 
tlAi|KB-|jlK 14 'C^. 1418 

UilEkn idf. i-I 
M«tl(bffUir riLljii4{ li 

M^mbnuar f-rir T-39. T-lin 

\f>pri4teji dlptwPfA. l-oa. %^7 
MerUUwH. ^finvwBmry Mr l^UA 

lUiAjCDAMf^. i-23 
tidtidicAj, 14M 
TPf*ftitl<4‘. l-Ol 
In EkPid «un^, 144. 

MnliuK^* CKriWct-Ejw hknpEW. 

MrfAia. niAl^cmiiJA, fkAilAcI tt^Lh T-iM 

IlfE&cth. Jkl .i 

urkeMM.tcd dlHLriLllAr, iAlvuiur ftrtjan mi%h W9n~ 
tirei*. T-Wl 

S[trC|Wiir|iJ||c. 4’! 

Ati-faDiB, wnusr. ID^l. ID^ 
krfftiirB. ■cxi umi, 10^1 
M44«« Mild b^uiJ4Li. I^TAL I'SII 
dfltricMiiMl; ki ooumrUir 

Ifl waters LS^ 

ML|tb1|iu4ii iq| [M«(;rt|lj|Lkin, 1-7 
.MkItMgr, bifik'lk’iiy. 4-l3t> 

PSitVMy. t~L^I 
Mimi Munvsrukii l-^IOd 
MiiAnJI-lMnd i>4FPyO''i^i- I'lDA^ 

MJnniila, dli>^vTdl. inmuAd frttlU 14-71.. 

10-7.S 

MlMMll>^il Mrijrkjikl^ nh«lA uM, T-TV 

MiitMiMA. tH 

VMi KfTWBp 

MiMlum. oDoctvtr {m* CuikrtHt#h 
MijdrK laydniilk, I-IDA i^lOT 

rubvBi, IfMt ul piifjMimK. 

.\|riritjiinl MfuMcin. 


3kf H3i^|ij|i. eJ eJavldrikip^ f -45 

F«»cirvl#. T-li^ T-33 t4 T-^ 
dtuklfl, 

^7, l-v, na 
tMlllr. k-l& 
of nnHjeun. V-IO 

rijjdily, mtrpK#^ T-IU, 

r9t«i4tiik i<a Yehru'* pn«dulm. t# 

UbI*. 4-7* J-IA 
ti (~I0 

CUifnriA. T-ifl Ic 1 - 2 |. f-^4 fO f-m T-TH 
YotEMi^B {am VfUkhUB iniMuluikk 
M^Eniiiiiii jrulvx, 

M!(iwt t'unuRr uf 4wrKtv, T -22 fo T-aa, t- 4 in 14 T-ii 

bn cMki-rcct. tm T-JI 

MEiMIti^fijMhU^. T-:< 

Mditor. D. A,, 4ftk ivhw pc^^ufc^. JD-IA 
MiVMHil, Iwudinc (w Beiwliru|- mcHtirtiU 
4i#iJ-f»til. IhPU 14 
Miffita. 4<yii 
UbiM, 

imuf^r fiknbinJBH J-3at 
nqulmyiifi. f4cl. t-W. 1-4 f. § 4 ^ 
tiMtItHi* 4^10 

Mympntiiftm uwUwd, tU-SS 
MbtHiqU dKatrlbalEJui, iM}3^ In ft-SS 
oLhA: flHi434id, I4D14 44$ 

AikEitiiAitQAtjQi^, 4.6* Ms 4^71 
MKii c^wnDon. 
wnsSe^ycl*. ■-7i!i t^i l-WI 
JSklofrytakl-UiJiuflijm f*rt4ni« 1-71 |ik #- 7 .> 

M EKiRHiHtU. ia iui4 Aumybkjr. I -77* 1-82 
■rttioc. l-iiJi 
MiXP^. L, 4r44 

Moijfc.JL P_, rkifa|u««ipariqMmt»H i-I 4-19^ 4-21. 

ffeSEmiP’ fiAinuiB, 4-14 
Mk>ofr. fl. H.., fatiMiiB QAfkiiHlkiMliXi. 1-22 
MbrtAliljp tmad^ by mwB Mad r^M 1^ 

Muie. 1^1 II. 141" 

M oDiT Vcfaicin. f mH IhU 9 Uiti fna. ShIiI 

litKb. f^iA. a-lfl 

U1.ri:!imliii4( KijmtMr t-MA 
iMJWtff MftkJ I -1 |d 

mtlAtrpUtiCM. i-r^ 

KM Bbll 4^1 

^[aMiX> ipn |-ll(H.-lfV! lupfutMk 

^lyiiiu ImiaU. i-l4 iu 4>2iJ f-il Cxi f-M 4-i7 4- 
IS 

Mud cr Rkiid f'AiJiiJ. t-&r 
Mkld VMJvin, UKlir 

ull(>i^■Ur 1 Ml■IJ tf^iai7i|ilt. I-El|, 4^2 
iluItjlijBl 1-IJ4 

Muikni.* M., uik liydnALlkcB M 1441^ 

S 

^mlumd UuMrd a| Fim Uiadcf^tMfPK 
tbnsiK 10-.18 

ftpfr plaiMEHi. Id-l-j 
lk>diiMlt l□^Mtl^li|. l)D-ll.b 
NBiNnl t^iwnl, T4 Us T-Ih t-IH 

CTBtikMil* Ij^ffrlicii bq, T-IKT 

NWIlinf di^wq. 4' 1 3 
l-inL. bmar. l-bO 

I#it4, 1-14 

Nrt ■M 'M LurTMlKin Mipnk'bjacm, 4-11 
SmirwA Biii. 44(7, i-AJ 
PmU^P. 4>37 
i^.piatnd KEkfAM* 44|Zl, 4 J; 

N^irltael aOcI. 4-1 j- 

NliiifKW, -I.* 4-42 


iQ 




cftW, f-4Ck 

mrt^ |Hr Mrt*b> 

XoiMhrfivktnB «nMeeit uni mrmE, T-i, T-ia, 
T-l£t, T-EH 

SocriaJ 4m Hf Mhtmf= i-S 
EcoiMCL in Ui]hi„ 

Nemounly uvhfieiia, uflddnl luuim 
NuaIs. Soft tbrriyftli, i-3a 

Ku^htu ililtilfilfiji; wjttl MflCrrle. 

0 

h Hftk, cd iUniK, 1-0$ 

PtrtfkKtIli 3^1B 
I ^Uqnv l^lnic, i»i bwH. 
ttkulvijHm ^ fibef ■uiMii, 

ndjimnintit ijf, 1-0 
iitndifcrj m cwcjrifl uvfncftir, t-yfl 
OHke|». luiRAfit l-THJ 

(piMr tJuv^Tw Un^. 1-EHi, l-TO 
OU InllsEi nti cmirrffUl'j T-UD^ t-4]. 

OfL r«iiin¥ttJ fnan wii#ir, tO-7.^ 
ihl-wri t c^fnafitEtui. f-1^ T-JJ. Ml 
Ohikted DunmintiiriAti, j:^am4 tnvHML 
Onf^thlKl niV l-0«. l-?d 
Ul>«n clLati;tiEld, 'buikwiUf kn, 4-lli 
coMtrktJoM b, 4^ 

dfiHb iH, 4^ to 4-$g* 

Miuiicnliur iflc445 
KcCiofiii, 44lk 
criMmj ^014 bi^ 44a 

flow in. 4-74 14 4rlQ0 

UtsknCHl. -4^1 
ftt «4lbiilfiC4, 4417 
frietbnt eoaffiriedib fc^. i-r? 
ittsdLuktj 4-iSa t9 4-ijQ 

IHElulLftr^ 4^75 

^Tufliiirut fortnuln, 4-X4li to 4^1 
utTauEuIunu, 4-il 44Hk 
oUtnnHiuiw 14, 4-fi:!. 4-^ 

w-licm q| fiOfcitfE uEfirtno^, 4^1 
IfUwlEiOu. 4-eii 
lurUllOfllH 4r-70 la iSl 
gmlJimi. 4^74 to 4-Hl 

lUHditmulk |E] 4 np HI, 4 r 4 ECt to 44 ia 

PMkbbNi 4^ 4-01 to 4^j»a 
■Ufm* of niUiJ ^xrgy to. 4-33 
viElk ■Imp hUj(i 4 i^ 4^ 

liL 4rJm Id 4.100 

wiiiE0rn«iirfiO!O imfika, in, 4-$0 lo 4-02 
■CJtilitniLm pnuiur^ ifMiiflni. 4pl#flEikuniian. t-IA 
Onlmkr ii aoiiEf ul, 
uf tnuiicuUtbiti, 1-33 

CJrjjfchlc nffiKiL iM\. (terete,. %7^. T-DB 

UrkrillMEiiiaa, d{ hible, 1^, 1^, i-SQ. 

tnniiil,. 1^31 

(biOoB. 4i2B 14 437 

rMfl&t^i, of ooatTVtlati, 4-12$^ 

■pI v«l0(Tlt|rH 4^2$ 
hod ErpI l4, 433 
pmli of iHi 433 
b |j||». 435 to 437 
#iibiiiTO>d, 44i 
uEiikr ^dllfnt bEwf. 434 
Odcin Aild dsUnAtlutfi iUjrWj*. |_k,i 

nf owtctvLii, 1-®| 

(El^ktloa nivthoda mUd pf i f4><5| 

Clkjnliloridci, nuiennuiJiii wii.mil, T-1 lo 

T3 

Oavim, 443. t-I^i 

BdobUilir fcn Imb t-12 

4«IEiUh 1 pf MiwkCB per 4-1.^ 

(h^ 9l4v Uluriiiioiicol iHTDM cfcmuwSj 


P 

Tlrfrlhff. dimUsiev 

J^fvJlot. b pliEil^fTUtiiiiirtvTp 1-1 to, Mil 
nf njft- 1-73. 1-75 

lf^limp«, 1-LW 

iwnti, «f iiatiidv. 1-3^1,1^ 
rafef^Lov. 141 
Ptmlld lEiinJico. 1^47 
PMui WPMd:. t'3 
IWkw Dwrt, T-7a 

P^hrnoi, PHIPfrU bh 7-lT 

Pu-tbt UTA. itnito 3>3t» 

rMtim inpinwil. l-TO 

pMWftier-Wr, pfiuiiHucpt. 1-5-1 

(Sii f.^uptmiatif'«Rj 
^UsIiIelic mhI fttiatnq* T-13 

(h# Ruidi ftnd [AVnininE*) 

P^t.. da<lliiiEiiDfl. I—I 

PedMloli, In-lS 

PctiilK J. B.. ■pfim forunql*. *-41 
r^roiEtiLq^. trf talumtiiM, S. ] 3 
irdprliptl of kiT 4 . 1-|3 

■tf«4a-ilJvip dkurijnt [or COPenTEr. 73t ta T3J 

FarrpUdoti kn hj«lnslo4^, 

Fwris^t, lil^lwcl^t uKV'wlo. T-rtf 
PoTftiKwnt Bit, i-fK 
Pwinoihkliiy, cwfBirimLE of, 9-1:4. |U$| 
of COCicfetv. T^. t4XI 
^dmVhfUlul, llt-33 
PmriutmuBi^ LjnilETiikHiiuil, lj0.jft 
^otoftfMiumrtrtt! io<i4irr»fiFbti<at of niU*. 4-1 
FboloKfUnEnrtrH BlirViBjfnL l'B» to 131? 
wioJ. l-ino, 13 !□ 17 
for- I'l I k 

ftfi^KfUioni uf, 1^10$. 1-117 

imnMzi for. t-l I I 

HBIEEibolJuEt >?f li?EMlk. X-tlU. i-ll* 

Altll4Jll:rlEl4. 1-1 lU. 1-lU 
nmlrolfinr, 1-1 Ijy, i-iij 
bMHei: Tll*|R* 1-10&, 1-1 ID 
Bttmki. 13 tl 

lAtxJlu in, t-llQ. 1311,1-112 
for, l-IID. 1-111 
l^otttfkgkn, 1310, 1-1H 
pltHEiitl mwliinM, 1311 la 1317 
lot rouifl. 1-U7. 1-1 to4-T 
E«iTi>ttkl, 1-W 
Up^iwi tUt, 1310, 1-110 
trkjiiciiUtj>Qfi b, 1-113 
Pliotoitmjumpyy^ l-lfK 

m |4w foumUMon^k 

rbBtr, fomu Jknikaf on, 9-75 
b paitmbb HtPuiM. t-Tli 
Vtll-jlEtJ.r h4. 1-73 

4b 

iMMUraw, fTab^ cOitEHbLidiMl. 1*35, 

193.5 

cnfli|i*«kun tjy^ 93 *3-1, I-U7, B-J li 

UklprWiH Iraai. §3-1 
forfTitilpi fur, *-b 3 lo §-45 
dyoMiiif*, *413, t-iio 
^nfirwrrim iV-npi, t-ikt 
lucriEiHr flhmctifrwtbi, B414 
lilElitUlDCUi.. §4p.5 
•t«ilE!. i-ika 

fronj, I3f7 
Pill*, i-!^0 Ea HL5 

«itbnr, 133, §-45 
IjotliT, 10 1332 

brnrih* mod §34 lo 44fi 

«tti *f4kw *34 

vhtalEF Pf il(l1]ihb. 132, §30 
<*Pm|ioiLt4. Ir^ to 131 


tSDE^ 


17 


tHflpdun iitpi j iB w i. ir^O 

itfVfv wpfld lielian, ir^ 

mmirmuiiLt^ fr-SU 
trin. HO 

iipilih liirite Hlf, Ho 

ippifK^ Million. |r^ 

rani-n^r, 7-«3v HI t« 
cut^It^UA, H ] 19 H3 

HlmULllIM Mul cilB*dlfliflUVQl. H)* 

i^liAilrieaJU dn^iped kq lUi^^ HS 

Iw^raUil, HA 

with przlnmbeiil lied Hiil 10 t^lT 

Pli4l W H3 Id Hr 

■Ud |]l|3«, «LoHd-^d. oiiai^nd H5 

HA 

prpCfeaL. t-A| t9#^3€' 

H7 

Mutinff yv4. H2 
■iklli'PWici^ !ii«l lna^1Lll■^ t-37 
lininii-E ■bun. Hit 
hmniflmg: mnd dfivitut ltl«M«l,i 
hdltm, 

twtilleULiJed. HO, H7. HH 
wlLh«it pPPfmwwl Atval ntulU^ HS 
IrfWMl-lPffUit lTa I iM jrrtiallaw-tfylbtlfaf. H7t 

Htfl 

pCHliitRfiiilnbitf IbUJEIIIh Hit 
pfindp&i tyfKrt, ti-01 
frioJnitKtMdIiL,. l-^f 
Nttfbuf iuiil riiriiur. H1 
tjijwiftwl; HOit to H~ASi 
Imtotj fw «j44lt *HJ b^Ktibi, IMIA 
■wm, wood. Ho 
dwtritHLiituii i4 FronPp. 

dltwri bn&rbiK |HrM»iPnt. B-iiQ 
trktJdti, iili^^r. HQ 
^ liBJwIIrL-isihsd pilkal,. 

|it»hbim RUlkttaLly HO 

ill UHncbcdi IrilM. HA 
ffeliKWHle. H-^, HO 
r^odH-. r 4-4^1 

|Qqbflll.tl[itii HD#, lB-23 to IHU 
Idclitrii 1^ tjolbl bovioiL Hfl 
FllllfUdtaa kHrll UMS. H1 

bwiwwitaJ lomip ■nrf tipiwt uik*, to Hii 
llxniQil d( %vrliK&l mbd pilo", Hi 

iitnlimir uictliciiiBj l-4tO 
^LLbitJtlyCyi, |M[^> tO HiS 
Wl4rf iidlfr fMin4*tli3ici lUjR, Hi*. HI 
clHiTiwiy r^npidaiiofi tUicn. H3, HO 
buUilinil codi! llY*LtUi<jft t^ V-^ 
etit'wnd-ijy tiroMi. H>0 
hiidjflOiBj tact*, HI 
pU* loftd iskulfttivcM. 
uiiWt, H3, HI 
iRiad wtfvm. 

Cblitk&iiti'fl tuclbod,. HU) 

*Ae«t of tiidt, H i 

liilv luitRod ftt both oniK HI 

prtmDlun fgnoilftUna d™l|i|l, 

ULDluKOgS. 

bndi^ blniiiiititil#, H7 

ikn* Hhd loclw, H4, B^ 

E|iifenib0P btiw^cA djdjiLtwy juid tveb M-iiii, 
Hli 

bodioriLiiLJ r<*u iHi hmih td pn^m. 

HO 

floctUnis iw jwd Batkin M-A7 
fijflid-fmifw hddjB?, B-iJS 
trntlcH^ B-£^ 

»bH#i hbttcf tikksi met HOi §0^7, Hi 

hintfe oh t-tl# 


FfTR*. ImEjGTMl ftwkiacfw. B^&S 
lo«d ttbiM. HT 

A.^3i[ iivedfic^tfDti. B«4d 
btijldin* rod# ra^nirfnwntpH HA. HU 
proirertlDn fOT K^K^T, H 2 
l-ior m fl.EG0 
cOftelrle, B-lW" 
r-fbcwt, HiOii 
B^IA«. i-ti» 
tiHkW. B'lor 

dn*tf! piHTFJi nf, Bk50 lo H2 

PippllfiitiDn to riikjbpv ■mirtiir», Hdl 
|icnMi rv bfider, Infi I 
t«diiilnlKdion of, HiO 
fotlkmtftt* of. 

thtarvticftl Tiilm vpu pnetjeaj i-^5C]. 

B^tL* 

■pmiihi, B^, B^l 

Uid biidkllmCi B03 

|>oibt of BAA 

wtin. H3 

HeH. H'Ei 

rruToiiiia InolectlciCiH B—II 
II wMLHUh^. HI 
Isi, HT 
wood, pUln. 

■.tUKh hj^ itHUPH' nFMOmR. 
tTmtKl^ t-3t 

cbBiiilrf*] t-31 

rif|3ilir*chMit. 

wwtinir lowdi. B^l 
ujilift fWM tmK H2 
iPllJdt itHljilJLhrE, B-i3i2 
]j|ToauutUMtoi f-^ 

dulc^L of. HI 
Pui. HAI 

Ptii* fitOw. IHV. iO-M 
FlilwJiDm. im«, td-i'^. 1B24 
Hirv«3.ii fnsr. 1-R. 1-10^ 

PiErija. A&bwilcar^xiiinciif, 

tMl-'inMi, 1B-I& IO-1tl 

tHi4. 

Hid lEimalai,. iHi) 
dlirf booH Hvd iraifflitk iB-l H, UMU 
rontniio uid de^cieeii,, 1d-4t* tHil, lB-j2 
ipiiiL, 7^B3 

enMiatnkoJ diHIMI'Uw, 10^2^ 

Bow of w*(fr in. 4-410 |n 4-74, ID-Sfa lo lB'2r 
jwflfk. B72 
Cbi3#y fuMbuJa^ IhHT 
Dafcy-WdalMth oiimthm, 4-itt 

PTDlaOCTitpml ind odti™, i 
tiriincy Kiwlknu 4-t2 
MlttHin] LihS, 4r7 1 
tiicUiHi tocfBckialn. 4-4^3 
lUjte&^Po^tilUji Uw, *^v} 4-M 

lnneiEdjkt HT. lO-'iSH IB-20. 

1B42 

licwl liM, IB ^it 

bj'dfatdic HHlioni. 4-7ii 
Uttalur. 4.20. fu 4HU 

liMOt *t lE»SJii valvb*. HI 
Mwjirunit fonriulai. 441$ 
minur tuiMI In. 44MI to 4 t7^J 
dOlkl UjiW. 4-70 
rllddon HTonlxaclicAp HO 
«ti:^n 44U> 

ayBtElimi 4-71 

Luxbiiknt. 4.fi2 to 44Fi 

knlirmml EipiwMirt bi^ 

•trtL IHi). IHI 

watM" IM W'Her pip™) 
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